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One 30-mg capsule h.s.—usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage 

for elderly or debilitated patients. 


Before prescribing Dalmane (flurazepam HCl), please consult 


. . complete product information, a summary of which follows: 
— Indications: Effective in all types of insomnia characterized by 
-—— difficulty in falling asleep, frequent nocturnal awakenings and/or 
—- * early morning awakening; in patients with recurring insomnia or 
poor sleeping habits; in acute or chronic medical situations 
— requiring restful sleep. Since insomnia is often transient and 
— . intermittent, prolonged administration is generally not neces- 
— Sary or recommended. 
— Contraindications: Known hypersensitivity to flurazepam HCI. 


Warnings: Caution patiedts about possible combined effects 


with alcohol and other CNS depressants. Caution against hazard- 
œ ous occupations requiring complete mental alertness (e.g., 
— operating machinery, driving). 


Usage in Pregnancy: Several studies of minor tranquil- 
izers (chlordiazepoxide, diazepam, and meprobamate) 
suggest increased risk of congenital malformations 
during the first trimester of pregnancy. Dalmane, a benzo- 
. diazepine, has not been studied adequately to deter- 

mine whether it may be associated with such an increased 
risk. Because use of these drugs is rarely a matter of 
argency; their use during this period should almost 
always be avoided. Consider possibility of pregnancy 
when instituting therapy; advise patients to discuss 
therapy if they intend to or do become pregnant. 

Not recommended for use in persons under 15 years of age. 

Though physical and psychological dependence have not been 

reported on recommended doses, use caution in administering 


- to addiction-prone individuals or those who might increase 


dosage. 

Precautions: In elderly and debilitated, limit initial dosage to 

15 mg to preclude oversedation, dizziness and/or ataxia. Con- 
sider potential additive effects with other hypnotics or CNS 
depressants. Employ usual precautions in patients who are 
severely depressed, or with latent depression or suicidal tend- 
encies. Periodic blood counts and liver and kidney function tests 
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= — orientation and coma, probably indicative of drug intolerance or 
— — — overdosage, have been reported. Also reported: headache, heart- 


burn, upset stomach, nausea, vomiting, diarrhea, constipation, 
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i "weakness, palpitations, chest pains, body and joint pains and 


GU complaints. There have also been rare occurrences of leu- 
kopenia, granulocytopenia, sweating, flushes, difficulty in — 
focusing, blurred vision, burning eyes, faintness, hypotension, 


| shortness of breath, pruritus, skin rash, dry mouth, bitter taste, 


excessive salivation, anorexia, euphoria, depression, slurred 
speech, confusion, restlessness, hallucinations, paradoxical 
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osage: Individualize for maximum beneficial effect. 
Adults: 30 ACE ee dosage; 15 mg may suffice in some patients. 
Elderly or debilitated patients:15 mg initially until response is 
determined. 


Supplied: Capsules containing 15 mg or 30 mg flurazepam HCI. 
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Postgraduate Course in Trans-sphenoidal 
Surgery of the Pituitary Gland 


Yale University School of Medicine will present 
two-day postgraduate course on Trans-sphenoic 
Surgery of the Pituitary Gland, March 22 and 2 
1979. The course will be presented by the faculti 
of Otolaryngology, Neurosurgery and Diagnosi 
Radiology. 


Inquiries regarding fees and enrollment should be sent to 


Office of Graduate and Continuing Education 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 
Telephone: (Area Code 203) 432-4582 
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EDITORIAL 
Writing a Good Abstract Is Not Abstract Writing... TC NC emo PERO ROME HO . ADE SRE INTE ah Mae REE Sy) REDS, S ERAT o a 11 
Arthur E. Baue, MD. New Haven, Conn 
ORIGINAL ARTICLES 
Ultrasound Dannáétration of Wandering Spleen. ......................... aues ere cene ehe cerner eere eene erbe cer cene AA 13 
Timothy G. Lee, MD; Fred E. Brickman, MD; George R. Satterwhite, MD; Leonard S. Avecilla, MS, Portland, Ore 
Ultrasound eva uation is peer ey suited for patients with obscure abdominal masses. 
Anatomy and Osteotomy of the Greater Trochanter |... Nene Pier es. a ee e TRE TRUE C Kee T wR os DE xe 19 
John P. Fulkerson, MD; Edmund S. Crelin, PhD; Kristaps J. Keggi, MD, Waterbury, Conn 
A trochanteric osteotomy from the anterior approach during total hip replacement is described. 
Editorial comment by Richard N. Stauffer, MD, Rochester, Minn 
. Surgical Treatment of Adenocarcinoma: 
Location: Junction of the Right, Left, and Common Hepatic Biliary Ducts ....... n 22 
Onye E. Akwari, MC, Keith A. Kelly, MD, Rochester, Minn 
Resection of these tumors in selected patients prolongs survival. =~ 
Netilmicin: A New Aminoglycoside in the Treatment of Septic Burn Patients |... 0 0 0 0 28 
Andrew M. Munster MD, Baitimore 
An effective new agent for ogranisms resistant to other aminoglycosides. 
Malignant Melanoma: Delayed Hypersensitivity Skin Testing |... sees 35 
Daniel F. Roses. MD; John F. Campion, MD; Matthew N. Harris, MD; Stephen L. Gumport: MD, New York 
Level of invasion and recurrence of disease did not correlate with skin test reactivity. 
Treatment Outcome in Recurrent Head and Neck Cancer oss eve A L a 39 
Nathan W. Pear'man, MD, Denver 
Patients identified whc benefited most from further treatment. 
Gastroesophageal Fundoplication for Reflux Following Repair of 
Esophageal Atresia: Experience With Nine Patients A oe 48 
Eric W. Fonkalsrud, MD, Los Angeles 
This procecure may be necessary in many children after audbessfuri atresia repair. 
Preoperative Carcinoembryonic Antigen Levels in Colorectal Carcinoma |... eee. Eb st ore 52 
Gary Slater, MD; Angelos E. Papatestas, MD; Arthur H. Aufses, Jr, MD, New York 
Preoperative levels correlated with stage of disease and tumor location. 

Editorial comment by Edward Douglas Holyoke, MD, Buffalo 
Surgical Diagnosis of Mediastinal Lymphoma of Childhood .......... osse] ees 54 
_ Jack S. Elder, MD, Robert J. Touloukian, MD, New Haven, Conn 
= Lymphoma was the most frequent mediastinal mass after the age of two. 

Prosthetic Aortic Valves: Indications for and Results of Reoperation eevee 63 


Richard J. Shemin, MD; Vincent A. Guadiani, MD; David M. Conkle, MD; Andrew G. Morrow, MD, Bethesda Md 






Reoperation performed with reasonable operative risk, 
long term surv val and excellent clinical improvement. 





THE ARCHIVES OF SURGERY (ISSN 0004-0010) is published monthly by 
the American Medical Association, 535 N Dearborn St, Chicago, IL 60610, 
and is an official publication of the Association. Second-class postage paid 
at Chicago, IL 60610 and at mo mailing office. 


CHANGE OF ADDRESS: POSTMASTER, send address changes to Helen 
R. Mazur, Director, Circulation-Fulfillment. Notification of address change 
should be sent at least six weeks naar including both hold and new 
address and a mailing label taken from the most recent copy. Include your 
new zip coce number. si 


SUBSCRIPTION RATES: Effective January 1979 the rates for the - 


-ARCHIVES OF SURGERY will be as follows: for members of the AMA, 
$1 .50, included in the annual membership dues; for nonmembers, 


$24 for one year, $40 for two years in the United States and US 
possessions. all other countries, $34 for one year, $60 for two years. 
Special yearly price to residents, interns, and medical students in the 
United States and US possessions, one year, $12; two years, $20. Address 
all subscription communications to Circulation-Fulfillment Department. 


ADVERTISING OFFICES: 535 N Dearborn St, Chicago, IL 60610, Area 
Code 312, 751-6000; and 600 Third Ave, New York, NY 10016, Area Code 
212, 867-6640. 


~=, ADVERTISING PRINCIPLES: Each advertisement ir this issue has been 
reviewed and complies with the principles governing advertising in AMA 
scientific publications. A copy of these principles is available on request. 











€ 
Mies 2 


" 
j í 
ec - LUST = 
i i 
* VO 1 : Wa 
* 2c Met VI bu dS a y AX r j - 
u n j* us | " r 
1c 23 "v um J^ i E Tuy [xs 


afk, 


es 


^ 


ur 


(n e 


Y D 
* 


ar 
te 5 


~ 


2x why 


J | 3 
i p 
E! é 







" vt 


d A 24 T 


4 








^ NT 
$ 


F - IGI = =, : ATL c-r P =O = : = = — TA = z E x - E B C eia 
do TES: Mile wo E. > yi. [SE ean TI mn — T. n i" ^^ | he" 4° ve 13 C "n ` y raa e 
A NEA "v dax SN » 5 ve II L JN ^4 Y) ck : An " "x | y. $. a y 4 ea ^ ow 
M T ^ Ms ~ d m ta Á * i Cele v^ > t o ^J. I P». At pice > I La NE, P by ae f. a S n RJ TAN 
A AF: wu adi te ww > "y SP c » fs Tx rà Ap ge os OA ~ 1 ! «ix - + at diy 1 "v. MS WIS 
: 4 z : TE EM yo i T E QNS , hod fee m URES v A2. Mo ER cv A^ kt 2*1 M 
E L n - Jas 1 "ww ee ` 1.4 vo CS <> A n Ces rl 
4 ^ $- zi ly» ^ f MAT > X "ad. my Ty 35 PL > ue «|, 24215 Lun 
HE | " Se ei 4 "m 2% 2, ^ - s Pe L| 
E I^ S * L x e. T 
^ AU ib - he ^ 
an ye 4 Os ‘ ed 4 e 


eM 


ete 


BL m 
i: x^ HM 
KR, 


P 4 m ye 
Mr. ST. 
T- X ; cm , "i 








4 





ua Ep. a Oa I A.D 
1 t MW LUST A ERU 
aS aE eee 
1 ( 


E ES m 
- " d Xn M NS ^ dul, » $ i ' dw , 
| ME -= 3 EE. “ae , 4 bu Vm vm = 3d. = j a 1 AS) i h^ s k sy z - T ‘ 7 Y - i ' 
^ m - a? Y n VER a C me a)? Ji Yt 1 7 . ^ RM i fe re a A " n EF E ix " ae Hj 
xS . Nut PL Ey: ; me BO oe b Mr d Ya SEE end » » a RT 
RUN. P od i 7 a LR Cane aL ERN Sut * «el Cn. 
CONTENTS—Continued T ss v" er nh AES AS oe PE VL Se. At i C] aM 7t Je z, E AR , 
DES PIC Let mS od SS New t sr EN M S le a t A m. iu { IL 7 eit) © 4 YATAN irid 
pe PY JA e "Af DNE. «v N ; : ig ERAS Erai OUS : Pe wa f 
$1" t Tp" Á "eM 4 j SEIS TAM SEIN A i s See Nw 
CLINICAL NOTES - | I. | | 


Postmortem Findings in Three Patients Treated With Intravenous Fat =mulsions ....... Puy Ls dieciru- Bia EAE o^ f MERC MM 66 


Ib Hessov, MD; Flemming Melsen, MD; Agner Haug, MD, Arhus, Denmark 
Fat deposits found in the heart, and in small vessels in other organs. 
Editorial comment by Basil A. Pruitt, Jr, MD, FACS, San Antonio, Tex 


Cimetidine in the Management of Metabolic Alkalosis Induced by Nasogastric Drainage... 70 
Cyril H. Barton, MD; N. Dabir Vaziri, MD; Russell L. Ness, MD; 
James K. Saiki, MD; Khosrow S. Mirahmadi, MD, Orange, Calif 
A helpful adjunct in the treatment of severe metabolic alkalosis wim renal failure. 
Editorial comment by Robert Zeppa, MD, Miami 


Liver Allograft: Its Use in Chronic Active Hepatitis With Macronodular Cirrhosis, Hepatitis B Surface Antigen 
Jacques L. Corman, MD; Charles W. Putnam, MD; Shunzaburo Iwatsuki, MD, @enver: 
Allan G. Redeker, MD, Downey, Calif; K. A. Porter, MD, London; 
Robert L. Peters, MD, Los Angeles; Gerhard Schröter, MD; Thomas E. Starzl, &D, PhD, Denver 


Extrahepatic infectious material was sufficient to infect the new oman. 


Salivary Gland Heterotopia in the Lower Part of the Neck... sse 79 
William P. Adams, MD, Patricia K. Donahoe, MD, Boston 


A sinus tract in an infant originated from salivary gland tissue. 


Stewart-Treves Syndrome: A Lethal Complication of 
Postmastectomy Lymphedema and Regional Immune Deficiency ........ 0...0 rnaen raara eanna EEEE 82 
Helmut Schreiber, MD; Frank M. Barry, MD, Cleveland; W. C. Russell, MD, Middleburg Heights, Ohio; 
William L. Macon IV, MD; Jeffrey L. Ponsky, MD; Walter J. Pories, MD, Cleveland 
An hypothesis about etiology is proposed. 
Editorial comment by Gardner W. Smith, MD, Baltimore 


Obstructing Phytobezoar of an Intrahepatic Bile Duct |... sse eee id 86 
Ronald A. Malt, MD, Boston 


Drainage of a choledochal cyst by a cystogastrostomy resulted in Drmation of a bezoar. 


The Nonoperative Approach to Esophageal Perforation Due to Celestir Tube Placement... 90 
Robert L. Fulton, MD; R. Neal Garrison, MD; Hiram C. Polk, Jr, MD, Louisville, Ky 
The tube was used as a conduit past the site of perforation. 


SPECIAL ARTICLE 


Enanton Breast Syndrome: ut aL oio dw re tei mE ELM SE ua usce oh 93 
Kay Jamison, PhD; David K. Wellisch, PhD; Ronald L. Katz, MD; Robert O. Pasnáü. MD, Los Angeles 
Women who perceive strong emotional support from their 
surgeon have fewer phantom breast problems. 


EXPERIMENTAL SURGERY 


Insulin and Glucagon Responses of Transplanted Intrasplenic Pancreatic Islets sss 96 
Bruce Nathaniel Gray; Gloria Caruso; Frank Alford; Donald Chisholm, Victoria, Australia 


Greater insulin response was obtained in transplant when 
mechanical dissociation was used in preparation of islets. 
Editorial comment by John A. Mannick, MD, Boston 


TECHNIQUES 


Hand-Held Toy Squeaker During Carotid Endarterectomy in the Awake Patient E, 103 
Lawrence Spielberger, MD; Herman Turndorf, MD; Alfred Culliford, MD; Anthor» Imparato, MD, New York Pe 
A helpful technique for neurologic monitoring. | 


Removal of a Distal Common Bile Duct Stone Through Percutaneous "ranshepatic Catheterization... NS [o el 107 
Manuel R. Perez, MD; Juan A. Oleaga, MD; David B. Freiman, MD; 
Gordon L. McLean, MD; Ernest J. Ring, MD, Philadelphia 


This approach may be useful when no other access is available. i 

Editorial comment by Hastings K. Wright, MD, New Haven, Conn 
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Net wt 1 oz 


Each gram 
contains Aerosporin* 
(Polymyxin B Sultate) 5,000 
units, bacitracin zinc 400 units, neomy- 
cin sulfate 5 mg (equivalent to 3.5 mg neomycin 
base), specia! white petrolatum qs; in tubes of 1 oz 
and 1/2. oz and 1/32 oz (approx.) foil packets. 


INDICATIONS: Therapeuf'cally, (as an adjunct to sys- 
temic therapy when indicated), for topical infections, 
primary or secondary, due to susceptible-organisms, as 
in: infected burns, skin grafts, surgical incisions, otitis 
externa; primary pyodermas (impetigo, ecthyma, 
sycosis vulgaris, paronychia); secondarily infected 
dermatoses (eczema, herpes, and seborrheic derma- 
titis); traumatic lesions, inflamed or suppurating as a 
result of bacterial infection. Prophylactically, the 


Net wt 1/2 oz 


cintment 
may be used to 
prevent bacterial contamina- 
tion in burns, skin grafts, incisions, and 
other clean lesions. For abrasions, minor cuts 
and wounds accidentally incurred, its use may prevent 


the developmentofinfection and permit wound healing. 


CONTRAINDICATIONS: This product is contrain- 
dicated in those individuals who have shown hypersen- 
sitivity to any of its components. Do not usein the eyes 
or in the external ear canal if the eardrum is perforated. 


WARNING: Because of the potential hazard of 
nephrotoxicity and ototoxicity due to neomycin, care 
should be exercised when using this product in 
treating extensive burns, trophic ulceration and other 
extensive conditions where absorption of neomycin 
is possible. In burns where more than 20 percent of 
the body surface is affected, especially if the patient 
has impaired renal function or is receiving other 
aminoglycoside antibiotics concurrently, nct more 
than one application a day is recommended. 


When using neomycin-containing products to control 


Net wt 1/32 oz 
(approx) 






secondary 
infection in the chronic 
dermatoses, it should be borne in 
mind that the skin is more liable to become 
sensitized to many substances, including neomycin. 
The manifestation of sensitization to neomycin is 
usually a low grade reddening with swelling, dry 
scaling and itching; it may be manifest simply as failure 
to heal. During long-term use of neomycin-containing 
products, periodic examination for such signs is 
advisable and the patient should be told to discontinue 
the product if they are observed. These symptoms 
regress quickly on withdrawing the medication. 
Neomycin-containing applications should be avoided 
for that patient thereafter. 


PRECAUTIONS: As with other antibacterial prepara- 
tions, prolonged use may result in overgrowth of 
nonsusceptible organisms, including fungi. 
Appropriate measures should be taken if this occurs. 


ADVERSE REACTIONS: Neomycin is a not 
uncommon cutaneous sensitizer. Articles in the 
current literature indicate an increase in the 
prevalence of persons allergic to neomycin. 
Ototoxicity and nephrotoxicity have been reported 
(see Warning section). 


Complete literature available on request from 
Professional Services Dept. PML. 
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` prompt narcotic/analgesic — 
relief without APC. -a 


The principal analgesic ingredient, oxycodone, is 
a semisynthetic narcotic with multiple actions 
qualitatively similar to those of morphine. The 
analgesic effect of oxycodome begins within 10 to 
15 minutes after oral adminsstration, peaks at 45 
minutes, and persists for 3 to 6 hours.* Acetamin- 

i ophen, a non-narcotic analgesic, complements 
the pain relief provided by oxycodone. 





Summary of Prescribing Information 
Contraindications: Hypersens tiv^y to oxycedone or 
acetaminophen 


Warnings: Drug dependence Oxycodone can pro- 

duce drug dependence of the morphine type and 

may be abused. Psychic aepe^dence, dhysical 
dependence and tolerance may develap upon 

repeated administration; prescribe and acminister 

with same caution appropriate to ether oral marcotic- 

containing medications. Subject tc the Fede-al Con- 

trolled Substances Act | 
Usage in ambulatory patients Caution patients that i 
oxycodone may impair menta! and ‘or physical abili- 

ties required for performance cf potentially hazardous 

tasks such as driving a car or operating machinery. | 
Interaction with other Central Nervous System E 
depressants. Patients receiving other narcctic anal- t 
gesics. genera! anesthetics, phenothiazines, other 
tranquilizers. sedative-hypnotics or other CNS 
depressants (including alcoho!) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced 

Usage in pregnancy: Safe use not esteblished. 
Should not be used in preznant womer unless 
potential benefits outweigh possible hazards 

Usage in chilcren: Should nct be administered to 
children 











Precautions: Head injury anc increased intacranial 
pressure. The tespiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in tne pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinica! course ot patients with head ` 
Injuries 

Acute abdominal conditions; TYLOX capsules or 
other narcotics may obscure the diagnosis cr clinical 
course of acute abdominal conditions 

Special risk patients: Administer with caution to cer- 
tain patients such as the elcsrly or debilitated, and 
those with severe 'mpairmert of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture 


Adverse Reactions: Most reqvent Ligh'headed- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-amoulatory 
patients: some of these reactions may be alleviated if 

* the patient lies down, Others euphoria, d"sphoria, 
constipation. skin rash and pruritus 








Dosage and Administratien: Dosage should be 
adjusted according to severity of pain and esponse 
of the patient. It may occasionaly be necessary to 
exceed the usual dosage mcommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the anaigesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule every 5 hours as needed for 


pain 
Drug Interactions: CNS depressant effects may be 
additive with that of other CNS depressents. See 








Warnings * 

Caution; Federal law prohibits dispensing without oxycodone HCl 4.5 mg, 
presofipion oxycodone terephthalate* 0.38 mg, 
or information on symptoms/treatment of over- i. acetaminophen 500 mg 


dosage, see ful! prescribing information. 
Full directions *or use should 5e read before adminis- 


| tering or prescribing ^ Warning: May be habit forming. 
| ; alpern, LM. and Bonica J..., “Analgesics,” in A 
| modell, W.. ed. Drugs of Choice 1976-1977, St. Louis, | 
| ar heic. V. Mosby Cò.. 1976, p. 213 775 ^ 
T : $ 
i 4 McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 © McN 1978 
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of increasing pain perception...” 


Halpern, L. M.: Anxiety and pain in postoperative patients. Hospital Practice (special report) January 1977, pp 31-33. 


» 


Following surgery... 
the perception of pain diminished 





— reduces the anxiety 
component of pain 
—permits reduction in 

narcotic dosage - 
— controls emesis 


que 


Please see Brief Summary on following page for contraindications, precautions and adverse reactions, 





' Vislaril LM. 


(hydroxyzine HCl) 


100 mg/2 ml — 50 mg/ml and 
25 mg/ml Vials and Isojects® 


preoperatively 
and 
postoperatively 


e allays presurgical anxiety...allays 
the anxiety that may heighten the 
perception of postoperative pain 

e may enhance the effects of analgesics 
and reduce narcotic requirements 


e controls postoperative emesis 


e vital signs are seldom impaired 
(Involuntary motor activity, includ- 
ing rare instances of tremor and 


convulsions, has been reported, The New 


usually with higher than recommen- 


ded dosage.) ` Professional | 


BRIEF SUMMARY 


VISTARIL® (hydroxyzine hydrochloride) 
Intramuscular Solution/For Intramuscular Use Only S le 
Contraindications: Hypersensitivity to hydroxyzine. 


The solution is for intramuscular use only and 
should not, under any circumstances, be injected 
subcutaneously, intra-arterially, or intravenously. 
Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit, induced fetal abnormalities 
in the rat at doses substantially above the human 
therapeutic range. Since adequate data are not 
available to establish safety in early pregnancy, 









hydroxyzine is contraindicated during this period. The American i *a4i 
Precautions: HYDROXYZINE MAY POTENTIATE " Medica Association 
THE ACTION OF CENTRAL NERVOUS SYSTEM presents the AMA Tie. 
DEPRESSANTS SUCH AS NARCOTICS AND 1 
BARBITURATES. In conjunctive use, dosage for Smartly styled in 
these drugs should be decreased as much as 50"0. : 
Because drowsiness may occur, patients should silk and polyester, 
be cautioned against driving a car or operating the Tie comes in deep navy blue 
dangerous machinery. The usual precautions for ; ; 
intramuscular injection should be followed; soft- accented by white miniatures of 
tissue reactions have rarely been reported when he AMA 
proper technique has been used. Hydroxyzine the crest. 
intramuscular solution should be injected well 
$^ within the body of a relatively large muscle. Inad- A proud symbol of 
vertent subcutaneous injection may result in signif- your support ofa strong 
. icant tissue damage. In adults, the preferred sites ' ‘ . 
= are the upper outer quadrant of the buttock (i.e., and dedicated organization, 
gluteus maximus), or the mid-lateral thigh. In "er : 
children, preferably the mid-lateral muscles of the the Tie is available 
thigh. In infants and small children, the upper outer exclusivel hrough th 
quadrant of the gluteal region should only be / ely t P anne i 
used when necessary, as in burn patients, in order American Medical Associat on. 
to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if To obtain the AMA Tie, 


well developed, such as in certain adults and older 
children, and then only with caution to avoid radial send $9.50 in check or mcney order to: 
nerve injury. Intramuscular injections should not 
be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid 
inadvertent intravascular injection. 
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Adverse Reactions: Drowsiness may occur; if so, it 

is usually transitory and may ditapaeas in a few The AMA Tie is 
days of continued therapy or upon dosage reduc- Order Department OP-37 

tion. Dryness of the mouth may occur with higher : : Rae 

doses. Involuntary motor activity, including rare American Medical Association 

instances of tremor and convulsions, has been P.O. Box 821 

reported, usually with doses considerably higher Monroe. WI 53566 


than those recommended. 
Supply: Vistaril (hydroxyzine HCl) Intramuscular 
Solution: 25 mg/ml—10 ml vials; 50 mg/ml—2 ml Please send me AMA T es(s) OP-37. Enclosed is my check/money order, 


and 10 ml vials; Isoject®, 25 mg/ml and 50 mg/ml— 
teal Gill; 100 mp/2 mi-2 ml Bill payable to the AMA, for $____.. (Payment must accompany order.) 
Military Depot: NSN 6505-00-052-1367 (50 mg/ml, 


10 ml vials) 
VA Depot: NSN 6505-00-052-1367B (50 mg/ml, Name 


10 ml vials) 
More detailed professional information available Address 


on request. 
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Writing a Good Abstract 
Is Not Abstract Writing 


N a recent meeting of the program committee of a 
surgieal society, members of the committee faced the 
dilemma of interpreting the results described in a number 
of abstracts where authors provided limited information. 
For example, an author describing a new operative proce- 
dure stated that he "hac a limited experience which would 
be described.” Did this mean that he had a series of 20 such 
operations, five years' experience, or a single patient he 
had operated on last week? Any physician wishing to 
communieate his work either in the literature or by 
presentations at meetings can learn the craft of writing an 
abstract, whether for summatien of work to be considered 
by a program committee or a synopsis-abstract of a 
manuscript to be published in the ARCHIVES. 

The origins of the "abstract" and guidelines for prepara- 
tion of abstracts for completed manuscripts were 
presented by Richard Warren in 1976 when he was editor 
of the ARCHIVES.’ His message bears repeating, with 
suggested modifications as they apply to abstracts submit- 
ted to program committees for presentation at meetings. 
There is a distinction between the meeting abstract and 
the manuscript or journal abstract. The meeting abstract 
must stand on its own and inelude more details for the 
review of the program committee and for the printed 
program of the meeting. The author's purpose in convinc- 
ing a committee that he has something worthwhile to 
present must be more comprehensive than the synopsis of 
his manuscript. 


© If there is a secret to writing good abstracts, it is simply 
to have a worthwhile message and to set it down clearly, 


succinctly, and completely on paper. Consider first the 
purpose of an abstract—to provide the reader with a brief 
summary of the communication, the "essence" described 
by Warren. A distillaze includes all the essential ingre- 


. dients, with only the diluent boiled away. Most abstracts 


are lilited i in terms of space or words—one manuscript-size 


| page, typed double-spaced, for the Surgical Forum; a 
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maximum of 250 words for the American Surgical Associa- — ^ | 
tion; and 135 words for the AncHivES. The usual double- 
spaced typewritten page accommodates 200 to 250 words. — 
General form should consist of an introduction, the data, ^ 
and a concluding statement. The order of presentationofa = 
scientific paper is used for abstracts. Material from all . 
sections—introduction, methods, results, discussion, and | si 


conclusions—should be covered but compressed, each intoa == 


concise sentence or two, using the past tense. Occasionally, 


particularly for a meeting abstract, the present tense is 


appropriate for introduction and/or conclusions. The intro- 
duction of necessity must be brief, never more than two or 
three sentences clearly stating the central theme of the 


problem or hypothesis addressed, or the clinical situation — : 
diseussed. The body of the abstract, the message, consists A 


then of a brief resume of what in the full manuscript would 





be the methods-and-results section. Here, the past tense is : f Ws 3 
more appropriate than present. The methods used, whether = 


those of an experimental laboratory study, clinical investi- — 


gation, or report of clinical experiences, should be provided. 


This portion must provide maximum information so that - 
the reader (program committee) understands the experi- - 


ment or study. Whether the study had controls must be 
stated. After this, the results should be provided in detail. 
The number of patients, number of experiments, exaet 


data, spread of data by calculation of statistical deriva- ——— 
tives, such as standard error of the mean, and statistical ; 
validation of differences between groups, should be 


included. If a difference is said to be significant, statistical ^. S > 


documentation of significance should be given. State the * fee 
results should be — 


facts. In this “message” section, 
discussed. The abstract is then concluded with a statement, 
maximum two sentences, indicating the relevance of the 
study or importance of the information for the reader. In 
this portion, definitive statements are necessary if the 
study justifies them. Hypotheses derived from the data 
may be stated, but indicate clearly what is hypothesis and 
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.— Providing a clear, complsie: message in 150 to 200 eds 
AS is much more difficult than providing the same message 
E — with unlimited words. A good abstract must often be 
des Me written, rewritten, and edited to arrive at succinctness, 
He clarity, and maximuni information. Joseph Garland once 
D M said, "There is no good medical writing, just good rewrit- 
TE ing." The most important part, in terms of priority, is the 
ay . results section and next, the methods. The introduction or 
= Statement of the problem and conclusions can, where space 
E: ps limited, be reduced to a sentence each. 
ded There are several common practices best avoided in 
rid bstraets. Some program committees, for example, may 
rcr eject an abstract containing such general statements as: 
js E "The results will be discussed.” 
— -- “The data will be presented.” 
EN Our experience will be reviewed.” 
Re T ae “The technique will be described.” 
Tao à “The significance of this study will be discussed.” 
A na limited number of cases we have found that 3r 
n a large and extensive clinical experience . 
“In our modest experience with this technique =. 
a these statements and other indefinite pe 
f tl he study are inserted, the reader is put off because the 
- author has not demonstrated sufficient experience or 
— results of value. Is such an author unaware of the need for 
T 1 formation in an abstract, careless in writing it, or 
| scribing a marginal or incomplete study? The practice of 
E some. program committees of removing the names of the 
. authors and the institution of origin from the abstract for 
review by the committee without this knowledge may 
T ede even a well-known physician from hiding behind 
- such ploys. If you have results, data, or experiences, 
. present them. If a study is important, tell why and how. 
vi P Declsratorý statements without information simply take 
4e. Up space. Contrast the following: "This is an important 
x b lifesaving procedure for all surgeons to know and utilize." 
4 m" . "This procedure provides for the surgeon an alternative 
TA "ecc which we have found allowed survival in certain 
= _ patients.” The first is an editorial that states a conviction, 
akin id of statement to be avoided. The second is factual 
n id provides information. As stated by Warren, 


E ti 


eria iA toi. 
E (a) Contents alone, that is, merely listing or deseribing the 
i E . eon ents: “Ten cases are analyzed, and the results presented.’ 
d RE Convictions without supporting evidence (author’s preju- 
| E. y | dices). 
4 (c) Conclusions alone, without the evidence on which they were 
(o esed ” 


Es Certainly, an author must strive to create maximum 





interest Ai i ies a 
style can enhance his Enora. The narrow line between 
colorful writing and sensationalism, however, has to be 
recognized. Àn abstract need not be a dull recitation of 
statistics, but it must not give the impression that the 
study is something more than it actually is. An interesting 
title wil increase audience awareness, but one must be 
careful not to overdo. 

There are other approaches that should be avoided. One 

is the “promissory note” leading the reader to believe that, 
althougt the information presented in the abstract is 
meager, more experience is being accumulated and, by the 
time of the presentation, it will be stupendous. Thus, one 
may read, "Further experiments are being carried out,” 
“A dditienal experiences up to the time of the meeting will 
be accumulated and presented.” If the experience of the 
author at the time of submission of the abstract is meager, 
it is better to wait a year and accumulate more data. 
Another hazard is inclusion of so much information that 
the reader is overwhelmed and the central theme or 
message of the study is lost. This can occur particularly in 
reviews of clinical experiences where there are many 
subsetsof results. Thus data, information, and results must 
be stated but that which is not germane to the message of 
the abs-ract should appear only in the full text or manu- 
script. On the other hand, data should not appear in the 
abstrae- that are not in the manuscript. 

Writing excellent abstracts is a skill that can be devel- 
oped. Thorough understanding of guidelines and practice 
should allow every physician to communicate with his 
colleagues through this format. Writing a good abstract 
can also be an art, an exercise in lucidity though not in 
imagination. No amount of writing experience or skill in 
writing abstracts will succeed unless the author has a valid 
message for his colleagues. Efforts to improve results of a 
study by journalistic manipulation, making a negative 
study seem positive or obscuring a marginal or less- 
than-adequate study by confusion or overstatement, will 
be evident. Abstracts must not be fiction, nor need they be 
dull. Writing a good abstract is not abstract writing. 

ARTHUR E. BAUE, MD 
PO Box 7614 
Kilby Station 
New Haven, CT 06519 
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Ultrasound 
Demonstration of 
Wandering Spleen 


Timothy G. Lee, MD; Fred E. Brickman, MD; 
George R. Satterwhite, MD; Leonard S. Avecilla, MS 


e The correct preoperative diagnosis of a wandering spleen is 
infrequently made either clinica ly or with conventional radio- 
logic studies. Since ultrasound can readily identify the spleen, it 
may assist in making this diagnosis. We describe three patients 
to illustrate the advantages and usefulness of ultrasound. In one 
postmastectomy patient, the suspected abdominal metastasis 
was shown to be a displaced spleen, thus obviating the necessity 
for an exploratory laparotomy. Im the other two patients, ultra- 
sound diagnosis was helpful in clinical treatment by localizing 
the wandering spleen. Ultrasound evaluation is particularly 
suited for patients with obscure abdominal masses because it is 
safe, simple, and fast. 

(Arch Surg 114:13-15, 1979) 


he diagnosis of a mobile spleen is usually missed 

clinically, being mistaken for such abnormalities as 
ovarian tumors, uterine tumors, renal masses, and bowel 
abnormalities. Most often, the diagnosis is made at explo- 
ratory laparotomy performed because of unexplained 
abdominal pain or suspected tumor mass.'"^ One report 
shows that the diagnosis of wandering spleen can be 
missed even at surgery. In this patient, the spleen was 
mistaken for an inoperable tumor of the right kidney and 
not removed." 

The observation of a wandering abdominal mass, with- 
out the spleen in its normal location, should suggest this 
diagnosis. Since the spleen can be identified confidently 
by its relatively homogeneous pattern, characteristic 
shape, and recognition of hilar vessels, the diagnosis of a 
mobile spleen can be made if considered. The purpose of 
this report is to emphasize th.s possibility. 


Fig 1.—Case 1. Top, Intravenous pyelogram shows left uretero- 
vesical junction obstruction. In retrospect, soft-tissue mass can 
be seen inferior to left kidnay (arrows). Center, Sagittal ultra- 
sound B-scan shows spleer (S) anterior fo lower pole of left 
kidney (K). Arrow points to splenic hilum and vein. Bottom, 
Nuclear medicine scan shows displaced spleen. 
Lh ER an nae a! = VO CIERRE Et 
Accepted for publication July 3, 19%. 
From the Division of Ultrasound, Department of Diagnostic Radiology, 
University of Oregon Health Sciences Center, Portland. 
Reprint requests to Department of Radiology, University of Utah 
Medical Center, Salt Lake Cizy, UT 84132 (Dr Lee). 





Arch Surg—Vol 114, Jan 1979 


Fig 2.—Case 2. Sagittal gray scale B-scan shows spleen-shaped, 
relatively echo-free mass (S) anterior to left kidney (K). Arrow 
points to sdlenic hilum and vein. 


rv 
;* 








Fig 3.—Case 3. Top left, Abdominal roentgenogram shows right lower quadrant soft tissue mass. Top right, Real-time 
ultrasound shows highly transonic mass (M) anterior to aorta (A). Bottom left, Sagittal gray-scale B-scan of patient's pelvis 
shows large, relatively echo-free mass with configuration of spleen (Ss, and dilated splenic vein (arrow) entering splenic 
hilum. Bottom right, Transverse scan of spleen with arrow pointing te splenic hilum and vein. 
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1940. 


S ERORTOFCASES 


CASE 1.—A areni woman two years after left Sane 


LAN AE 
v : 


—. mastectomy for subareolar lobular breast cancer had the develop- 


ment of left flank pain radiatng to the left lower quadrant. 

Intravenous urography suggested a left ureterovesical junction 

obstruction and the patient was cischarged with the diagnosis of a 
left ureteral stone ‘Fig 1, top). Subsequently, a left upper 
quadrant mass due to metastatic breast tumor was suspected and 
the patient was referred to the surgical service. An ultrasound 
examination was requested, and showed a mass anterior to the 
lower pole of the left kidney (Fig 1, center). Because of the 
spleen-shaped configuration with a hilus, recognition of the 
splenic vein, and homogeneous echo property, an ectopic spleen 
was diagnosed. A barium enema and an upper gastrointestinal 
(GI) x-ray film series revealed no mass. A nuclear medicine scan 
was obtained and confirmed a displaced spleen as predicted (Fig 1, 

bottom). The patient was discharged withou an exploratory 
laparotomy. 

Case 2.—A 55-year-old woman was admitted to the hospital for a 
discrete lower abdominal mass discovered on a routine physical 
examination. The mass was freely mobile from the region of the 
umbilicus to the left upper quadrant and was nontender. Ultra- 
sound showed a large, solid, highly transonie mass anterior to the 
left kidney (Fig 2). Labcratory results were noneontributory and 
the upper GI and barium enema roentgenograms were reported as 
normal. An intraveneus pyelogram (IVP) was similar to a prior 
study of 1969, presenting a questionable mass adjacent to the 
inferior pole of the left kidney. At surgery, a large spleen of about 
480 g was found free-floating near the umbilicus. _ 

Case 3.—An 18-year-old women reported a one-week history of 
lower quadrant abdominal pain. Physical examination revealed a 
large lower abdominal mass. Retrospectively, she admitted to a 
protuberant abdomen for more than two years that she attributed 
to excess weight. An abdomina. x-ray film showed an ill-defined 
right lower quadrant soft tissue mass (Fig 3, top left). Real time 
ultrasound visualized a mobile sonolucent right lower quadrant 
mass that could be pushed to a subhepatie midline position (Fig 3, 
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which identified a mobile spleen with a dilated splenie hilar vessel 
(Fig 3, botzom left and right). During subsequent surgery, the 
spleen was removed and it was found to weigh 440 g, measuring 
15 x 10.5 » 5.5 em. The spleen was connected to an elongated, 
twisted vascular pedicle with multiple dilated veins. 


COMMENT "m A ho 
CHE $ 
Excessive splenic mobility may be congenital. or 
acquired.'* Contributing -congenital factors include 2 
elongated splenie pedicle and the shape of the abdominal {i 
cavity. Acquired factors are principally two: E a 
enlargement, usually of hematological etiology, whiel 
eauses an increased weight burden, and conditions tha 
lead to relaxation of either the supportive ligaments of thee pa 
abdomina. viscera or the abdominal wall. In only 20% (dof 
95) of the surgically proved cases of mobile spleen reviewe Ue 
by Abell' was splenic abnormality éven entertained in thes p. 
preoperat ve diagnoses. Other diagnoses included ovarian — A. 
tumor, bowel obstruction, peritonitis, omentum, append $ 4 
kidney, hematocele, and sacrococcygeal tumor. LM 
Before the advent of ultrasound, conventional E * 
AE m 
ographic studies (upper GI series, barium enema, IVP, and — — je 
plain abdeminal film) directed to the workup of an abdoni: o : 
inal mass seldom disclosed a wandering spleen. Nuclear — - 

medieine scan should be helpful if this diagnosis deis | 
suspected preoperatively.’ Since ultrasound is safe, simple - Eo 
to perform, and can quickly localize the spleen, use of this — 
modality should contribute to more frequent preoperative — 
diagnosis of a mobile spleen. 
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22 and 100-ml-size vials 


cephalothin sodium 


Neut i ‘Equivalent to cephalothin 





A new horizon in cephalosporin 
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Cefamandole eie 
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See following page for brief summary of prescribing 










K = = Brief Summary. Consult the package literature for prescribing information. 
A. Indications and Usage: Mandol is indicated for the treatment of serious infec- 


diseases listed below: 
uH Lower respiratory infections, including pneumonia caused by Streptococ- 
d. cus pneumoniae (Diplococcus pneumoniae). Haemophilus influenzae. 
m. Klebsiella species, Staphylococcus aureus (penicillinase and non- 
pu rs penicillinase-producing). beta-hemolytic streptococci. and Proteus 
: he mirabilis 
| is _ Urinary tract infections caused by Escherichia coli, Proteus species (both 
$ A D indole-negative and indole-positive). Enterobacter species. Klebsiella 
l . Species, group D streptococci (Note: Most enterococci, e g . S. faecalis, 
Ec | are resistant), and S. epidermidis 
Ero Peritonitis caused by E. coli and Enterobacter species 
NS ema caused by E. coli, S aureus(penicillinaseand non-penicillinase- 
à EL » producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
E =k streptococci), H. influenzae, and Klebsiella species 
Eus . Skin and skin-structure infections caused by S. aureus (penicillinase and 
L. E ^»  non-penicilinase-producing). S. pyogenes (group A beta-hemolytic 
i X streptococci), H. influenzae. E. coli, Enterobacter species, and P mirabilis 
eo Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females, lower respiratory infections, and skin infections frequently 
E reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
E ius nisms. Mandol has been used successfully i in these infections in which several 
| organisms have been isolated. Most strains of Bacteroides fragilis areresistant 
E — — in vitro: however, infections caused by susceptible strains have been treated 
be - successfully. 
a Tt Specimens for bacteriologic cultures should be obtained in order to isolate 
^ and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known: however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly 
^ — Incertain cases of confirmed or suspected gram-positive or gram-negative 
|. sepsis or in patients with other serious infections in which the causative orga- 
... nism has not been identified. Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
BE biotics may be given. depending ontheseverity of the infection andthe patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 
- Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
= tinue for at least ten days 


Contraindication: Mandol is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


. Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
—— — HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS. 
—— — — PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
Lu: TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
—— ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
|... STRATED SOME FORM OF ALLERGY. PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES 
Er In newborn infants. accumulation of other cephalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 









Precautions: Although Mandol rarely produces alteration in kidney function, 
- evaluation of renal status is recommended. especially in seriously ill patients 
J.A receiving maximum doses 
Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should be taken 
— — Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins 
A false-positive reaction for glucose in the urine may occur with Benedict's 

—— Or Fehling’s solution or with Clinitest" tablets but not with Tes-Tape® (Glucose 
P : Enzymatic Test Strip. USP. Lilly). There may be a false-positive test for pro- 
= feinuria with acid and denaturization-precipitation tests. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 

not been established. 
e Usage in Infancy — Mandol has been effectively used in this age group. but 
; all laboratory parameters have not been extensively studied in infants between 
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Local Reactions — Pain on intramuscular injection is infrequent. Thrombo- 
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hours is sufficient. In more serious urinary tract infections, a dosage of 1 gm 
every eight hours may be needed 

In severe infections, 1-gm doses may be given at four to six-hour intervals. 

In life-threatening infections or infections due to less susceptible organisms. 
doses up to 2 gm every four hours (i.e.. 12 gm per day) may be needed. 

Infants and Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptib:e to Mandol.This may be increased to a total daily dose of 150 mg/kg 
(not to exceed the maximum adult dose) for severe infections. (See Warnings 
and Precautions for this age group ) 

Note: As with antibiotic therapy in general, administration of Mandol should 
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Anatomy and Osteotomy of the 


Greater Trochanter 


John P. Fulkerson, MD; Edmunc S. Crelin, PhD; Kristaps J. Keggi, MD 


è Eleven human cadaver hips were dissected to define exactly 
the musculofascial anatomy of the greater trochanter and the 
supportive structures around it. A readily identifiable plane was 
defined that permitted osteotomy of the greater trochanter from 
an anterior approach 'eaving the vastus lateralis attached to it so 
that the trochanter could be folded posteriorly and then replaced 
securely. The osteotomy has been used in difficult total hip 
replacements at Waterbury (Corn) Hospital and found to be very 
satisfactory with no wire or bol: fixation necessary to maintain 
trochanter stability a*ter surgery. Until a large series of these 
osteotomies has been reviewed, however, additional fixation 
may be advisable. 

(Arch Surg 114:19-21, 1979) 


j ies hip arthroplasty requires good exposure of the 
proximal femur and acetabulum and osteotomy of the 
greater trochanter as advocated by Charnley’ can improve 
the exposure substantially. 

Hip joint replacement can be done without reflecting the 
greater trochanter, but there are times when osteotomy 
of the greater trochanter is necessary to obtain adequate 
exposure. Thompson and Culver! recommend trochanteric 
osteotomy when total hip replacement is complicated by 
previous failure or fixed de^ormity, but many surgeons 
choose osteotomy of tne greater trochanter as needed to 
obtain the desired exposure. From the anterior approach to 
hip replacement, osteotomy is needed only occasionally in 
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difficult cases for reaming the proximal femur.’ 
Volz ard Turner? pointed out that there is a 4%- to 


18%-incidence of nonunion after trochanteric osteotomy, © 


and Parker et al* reported substantial increases in morbid- 
ity after trochanteric osteotomy with No. 18 stainless steel 
wire reatzachment. In each case, the orthopedic surgeon 
must weigh the advantages of trochanteric osteotomy 
against the generally accepted risks of this procedure. 
Since the available 19th- and 20th-century anatomy 
texts, including those by Rouviere,’ Tandler; and Anson,’ 
do not describe the anatomy of the greater trochanter in 
sufficient detail, this study was undertaken to further 
elucidate the anatomy and surgical exposure of the greater 
trochanter. A detailed knowledge of this anatomy may help 
the surgeon to deal more effectively with this key area 
whether 3e chooses osteotomy or preservation of the 


greater trochanter during total hip replacement and other - 


hip surgery. A rational approach to trochanteric osteotomy 


from the anterior approach’ is proposed based on the 


anatomy of this region. 


METHODS AND RESULTS 


Eleven human cadaver hips were dissected with particular 
attention te the greater trochanter and its investing structures. 
The insertions of the muscles of the greater trochanter were 
carefully defined and the inter-relationships o? the muscles and 
fascia in this region were delineated. 

Dissecting the greater trochanter, one is first struck by its 
extensive investment by muscle insertions and fascia. After 
reflecting tae thin sheet of periosteum and fascia connecting the 
gluteus medius above and the vastus lateralis below, one can 
identify the dense, tendinous insertion of the gluteus medius on 
the superio" and anterolateral aspect of the greater trochanter 
(Fig 1). The insertion of the gluteus medius is somewhat variable 
and extenés posteriorly, with fibers inserting into the short 
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Fig 1.—Anterolateral view of 
greater trochanter: lateral 
origin of vastus lateralis (A); 
inferolateral trochanteric 
ridge (B); gluteus medius 
insertion (C); pyriformis in- 
sertion (D); gluteus minimus 


Fig 2.—Anterolateral view of 
greater trochanter: lateral 
origin of vastus lateralis (A); 
inferolateral trochanteric 
ridge (B); gluteus medius 
insertion and fascial-perios- 
teal expansion to vastus lat- 


eralis (C); gluteus medius (D); 
and anterior head of vastus 
lateralis (E). 


insertion (E); osteotomy (F); 
and anterior origin of vastus 
lateralis (G). ' 


external rotators in some cases. Two heads of origin of the vastus 
lateralis are anterior and lateral to the insertions of the hip 
abductors with the lateral head of origin of the vastus lateralis 
emanating from a distinct ridge at the base of the greater 
trochanter (Fig 2). This inferolateral trochanteric ridge is a 
readily definable anatomical landmark that can lead the surgeon 
to the origin of the vastus lateralis. The anterior origin of the 
vastus lateralis is immediately beneath the insertion of the 
gluteus minimus. 

The pyriformis muscle inserts anteriorly and superiorly on the 
medial aspect of the greater trochanter just medial to the proximal 
insertion of gluteus medius and above the insertion of the gluteus 
minimus (Fig 1). The other short external rotators insert slightly 
more posteriorly. 

The gluteus minimus muscle inserts deep to the gluteus medius 
and its insertion is slightly medial to that of the gluteus medius. A 
thin tendinous band can be identified within the muscle belly of 
the gluteus minimus and can be traced to the insertion of this 
muscle. There is some variability in the insertion of the gluteus 
minimus although its insertion is consistently more localized than 
that of the gluteus medius. An adherent fascial connection 
between the anterior greater trochanter and tensor fascia lata is 
generally present, with expansion onto the gluteus minimus 
insertion and vastus lateralis in some cases. 


OSTEOTOMY 


Osteotomies of the greater trochanter have generally 
released the trochanter as a fragment attached to the 
abductors. However, study of the musculofascial insertions 
and origins in this region suggests that the abductors and 
vastus lateralis may be released in continuity with the 
greater trochanter. Instead of reflecting the greater 
trochanter proximally, it may be folded posteriorly so that 
the proximal femoral canal in particular may be more 
easily and accurately approached. By maintaining the 
continuity between the abductors and the vastus lateralis 
through the greater trochanter, the trochanter may be 
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Fig 3.—Pestoperative roentgenogram showing oblique osteotomy 
of greater trochanter reduced anatomically (arrows) with no 
additional fixation needed to maintain stability. 


replaced at the conclusion of the procedure without the 
usual risks of detachment or nonunion. Continuity with the 
vastus lateralis prevents proximal migration of the frag- 
ment. 

By redecting the gluteus medius and minimus laterally 
at the t me of surgery, one can generally define a plane 
betweer these muscles and the anterior head of origin of 
the vastus lateralis. The osteotomy is made in this interval. 
One then palpates the inferolateral aspect of the greater 
trochamer and identifies the inferolateral trochanteric 
ridge from which the lateral origin of the vastus lateralis 
takes of. An osteotomy is then performed in the described 
intermuscular interval such that the most distal point of 
the tre-hanteric osteotomy is distal to the inferolateral 
trochameric ridge (Fig 1 and 2). The vastus lateralis 
attachment to the fragment should be carefully preserved 
by dissection as needed, and the trochanter is displaced 
posterierly after dissecting the vastus lateralis muscle 
belly fr»m the femur a short distance and leaving posterior 
soft tis-ue attachments, including the short external rota- 
tors ir-act. At the conclusion of the procedure, the 
trocharter is reduced and wired or bolted in place if 
desired. although this may not be necessary if the trochan- 
ter is —able and the vastus lateralis continuity has been 
preserv2d. Based on the normal interconnections in this 
region, one should consider suturing the gluteus minimus 
inserticn to fascia lata to aid internal rotation of the hip. 
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“This osteotomy is-be 
the proximal femur in difficult hip replacements at Water- 
bury Hospital, whereas the majority of total hip replace- 
ments are being done without osteotomy of the greater 
trochanter. Six oblique osteotomies have been done 
through anterior exposures and replaced without addition- 
al fixation, being sure to preserve the vastus lateralis on 
the inferolateral trochanteric ridge and the short external 
rotators on the greater trcchanter. Advancement of the 
greater trochanter to improve the mechanical advantage of 
the hip abductors has not been necessary in the early 
clinical trials of this procedure and all patients were 
ambulated early, with full weight-bearing as tolerated. The 
trochanters have remained stable postoperatively for more 
than a year, and the reductions of the trochanters have 
been so anatomical that the osteotomies are barely visible 
on roentgenogram (Fig 3). | 

English’ reported results of oblique osteotomies of the 
greater trochanter that were detached from the posterior 
aspect of the hip. He preserved the short external rotators 
as well as the vastus lateralis on the trochanter, and 
obtained exposure by holding the trochanteric fragment 
forwards, suggesting that the oblique osteotomy may be 
used successfully from a posterior approach to the hip. The 
more complete posterior displacement of the trochanter, 
which is possible from an anterior approach to the hip, 
however, should give better exposure since the short 
external rotators are not an obstacle. 

Although the early clinical trials suggest that wire or 
bolt fixation may not be necessary, the surgeon should 
consider additiona! fixation until a large series of oblique 
osteotomies has been reviewed. 


CONC_USION 


The greater trochanter provides good continuity be- 
tween the gluteus medius-minimus complex and the vastus 
lateralis. A precise knowledge of the anatomy in this area 
permits the surgeon to osteotomize the greater trochanter 
from an anterior or anterolateral approach so that it can be 
folded posteriorly and then reduced securely into its origi- 
nal location. A bolt or wires may be used for additional 
security. This technique is an alternative to complete 
detachment and advancement of the greater trochanter, 


ergot 
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but should not be used when adequate exposure can be 
obtained without osteotomy of the greater trochanter. 


This investigation was supported by a grant from the Crippled Children’s 
Aid Society, New Haven, Conn. 
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Editorial Comment 


This article describes a very interesting and useful technique for 
trochanteric osteotomy based on anatomical considerations. The 
entire subject of trochanteric osteotomy in reconstructive hip 
surgery remains highly controversial. Many of the arguments both 
for and against seem based on intuitive feeling rather than on 
scientific fact. There are basically two reasons for removing the 
greater trochanter at the time of total hip arthroplasty. These 
include facilitation of exposure to the hip and improved biome- 
chanics of the abductor musculature. The authors’ technique of 
trochanteric osteotomy would seem to provide adequate exposure 
to the hip and at the same time avoid some potential complications 
of malunien or nonunion of the greater trochanter postoperative- 
ly. The technique would seem useful provided there were no 
change in the femoral neck length from before to after insertion 
of the total hip arthroplasty components. The authors have not 
eommented at all on the advantage or disadvantage of this 
particular technique in restoring or enhancing the mechanics of 
the hip per se, or the resting length of the abductor musculature. 


Proof as to the efficacy of this novel technique remains to be 


established by long-term follow-up study. p 
RicHARD N. STAUFFER, MD 
Rochester, Minn 
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Surgical Treatment of Adenocarcinoma 


Location: Junction of the Right, Left, and Common Eepatie Biliary Ducts 


Onye E. Akwari, MD, Keith A. Kelly, MD 


e Thirty-eight patients with primary adenocarcinoma arising at 
the junction of the right, left, and common hepatic biliary ducts 
were seen at the Mayo Clinic, Rochester, Minn, between 1950 
and 1976. Prompt and lasting relief of jaundice and cholangitis 
occurred in four patients undergoing resection of the tumor 
combined with left hepatic lobectomy, and their mean survival 
was 33 months. Relief of symptoms was only temporary in 26 
patients treated with drainage of the biliary tree, and their mean 
survival was only ten months. Eight patients undergoing explo- 
ration only had no relief of symptoms, and none survived beyond 


= four months. We conclude that resection of these tumors in 


selected patients gives good palliation and offers the chance of 
long-term cure. If resection is not possible, biliary decompres- 
sion results in satisfactory palliation, whereas exploration only 
does not. 

(Arch Surg 114:22-25, 1979) 


e arising at the junction of the right, left, 
and common hepatic biliary ducts is a rare cause of 
cholestatie jaundice. Such tumors are usually slow growing, 
with death from hepatic failure and cholangitis often 
preceding evidence of metastases." Because of the slow 
rate of growth, as well as the difficulties posed by resection 
of these tumors, surgical treatment has usually consisted 
of either exploration only, or palliative decompression of 
the biliary tract by various techniques of dilation and 
cannulation of the constricted ducts.* Operations that 
reestablish bile flow by intrahepatic biliary-enteric anasto- 
mosis have also been advocated." However, several 
surgeons recently have attempted to cure these lesions by 
excising them, often in combination with hepatic lobecto- 
mv" 

Our objective in the present report was to determine 
which method of surgical treatment has dealt most success- 
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fully with these tumors, based on the Mayo Clinic experi- 
ence from 1950 through 1976. 


SUBJECTS AND METHODS 


Thirty-eght patients with carcinoma at the juncton of the 
major hepatic ducts were seen at the Mayo Clinic during the 
27-year period from 1950 through 1976. These 38 patients repre- 
sented 15S of a larger group of 259 patients who composed all 
patients with primary carcinoma arising at any location in the 
biliary ducts seen during the same period. This percentage is 
somewhat smaller than that observed by most others (Table 1). 

There were 22 men (58%) and 16 women (42%) in the present 
series. The ages of the patients at the time of operation ranged 
from 30 tc 90 years, averaging 51 years for men and 66 years for 
women (F g 1). Four of the 38 patients were included in previous 
reports. '^** 


Clinical Presentation 


All 38 patients initially had jaundice, while 32 (84%) reported 
insidious and progressive fatigue. Itching was reported by 29 
patients (76%), weight loss by 28 (76%), and pain by 16 patients 
(42%). Fewer was a feature in only nine patients (24%), and blood 
was detected in the stool of only four patients (11%). The median 
duration cf symptoms prior to diagnosis was 88 days, with a range 
from 7 days to 624 days. 

Eighteen patients (47%) had undergone 22 surgical explorations 


Table 1.—Incidence of Carcinoma at 
Junction of Hepatic Ducts 


Patients 
With Tumors 
Total at Junction; 
No. of 
Patients* 


Monge and Rudie,” 1966 5 26.3 
Sako & al,” 1957 137 24.0 
Brown et al,” 1961 12 19.4 
Permen and McCollum,” 1963 2 10.5 


Presert series, 1978 38 14.7 


259 
Total 929 194 21.2 


*With primary adenocarcinomas of biliary ducts. 
+Of rigis, left, and common hepatic biliary ducts. 
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No. of patients / decade of age 





20 40 60 80 


Age, years 


Fig 1.—Distribution of 38 patients with adenocarcinomas at 
junction of main hepatic ducts. There were 22 men and 16 
women. 


before they were referred to the Mayo Clinic. The tumor was not 
discovered at these preliminary operations in 14 of these 
patients. 


Associated Disease 


Nineteen patients (50%) had en additional disease. A history of 
gallstones was present in ten patients (26%), chronic ulcerative 
colitis in four patients (11%), previous viral hepatitis in two (5%), 
and a second cancer (breast anc cheek) in two others. 


Preoperative Tests 


Determinations of the concentrations of bilirubin, alkaline 
phosphatase, and SGOT in the serum of all patients were made, 
and the findings were consistemt with cholestatic jaundice. The 
mean concentrations of cirect ard indirect bilirubin were 10.3 and 
3.8 mg/dl, respectively; the mean concentration of total bilirubin 
was 12.0 mg/dl, with a range of from 1.5 to 47.0 mg/dl. The 
concentration of alkaline phosphatase was increased in 27 patients 
(71%), and the concentration of SGOT in 34 patients (90%). The 
mean alkaline phosphatase level of 787 units was about three times 
our control values, while the mean SGOT level of 86 units was 
about four times our controls. 

The key test for diagnosis was cholangiography, which was done 
percutaneously, transduedenally, or via a T tube, when one had 
been placed at a previous operation. The cholangiograms exhibited 
the cardinal finding cf a localized constriction at the junction of 
the right, left, and common hepatic biliary ducts with dilation of 
the intrahepatic biliary ducts proximal to the tumor, normal or 
small-caliber extrahepatic biliary ducts distal to the tumor, a 
collapsed gallbladder, and free-fow of contrast material into the 
duodenum (Fig 2). 

Preoperative liver biopsy was used in only one patient and was 
performed to confirm the existence of “long-standing extrahepat- 
ic obstruction” and to exclude she diagnosis of primary biliary 
cirrhosis with which: the patient was referred to us. Experience 
with ultrasound and computerized tomography was too limited in 
this series to permit an assessment of the usefulness of these tests 
in this disease. 


SURGICAL FEATURES 
Operative Findings 


At operation, the liver was usually tense, greenish-brown, and 
distended with bile. The surgeon noted hepatomegaly in 25 
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Fig 2.—Endoscopic retrograde cholangiogram. Localized steno- 
sis is present at junction of right, left, and common hepatic ducts 
(arrow) due to adenocarcinoma. 


Table 2.—Virulence of Carcinoma at 
Junction of Hepatic Ducts 


% of Patients With 
—_ XA 
Local Distant 
Invasion Metastasis 


Grade 
of Tumor 


No. of 
Patients 


— 


patients (65%), but the spleen was enlarged in only two patients. 
Ascitic fluid was present in four patients, three of whom had 
numerous hepatic and peritoneal metastases. 

The gallbladder and common bile ducts were collapsed in all 
patients. Careful palpation at the hepatic hilus usually revealed 
the tumors, although some were difficult to feel because of their 
small size and almost intrahepatic location. Sometimes the gross 
appearance of the tumor was little more than a firm, fibrous, 
woody thickening of the ducts. About 80% of the tumors had 
already invaded into adjacent hilar structures or hepatic parenchy- 
ma or both. In over half of the patients, metastatic nodules were 
already present in areas of liver not contiguous to the tumor, in 
lymph nodes, or on extrahepatic peritoneal surfaces (Table 2). 


Choice of Procedure 


surgical procedures employed, with no patients undergoing resec- 
tion of the tumor. However, beginning in 1970, resection of the 
tumor combined with left-sided hepatic lobectomy was employed 
when it seemed likely that resection could encompass all malignan- 
cy and yet preserve the blood supply to the remaining right lobe of 
the liver. Lecal invasion of the hepatic artery and portal vein and d 
the presence of distant metastases were considered contraindica- 
tions to resection. 


3 
Prior to 1970, biliary drainage or exploration only were the à 
| 
| 
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Four of the 38 patients underwent resection of the tumor en bloc 
with left-sided hepatic lobectomy. The technique of resection has 
been described.'* The gallbladder was excised and the common bile 
duct divided in its midportion. The common bile and common 
hepatic ducts were then dissected off the hepatic artery and portal 
vein, advancing toward the liver. The left hepatic artery and the 
portal vein were divided and the liver cleaved in the interlobar 
plane. The right hepatic duct was then divided proximal to its 
secondary bifurcation, removing the entire main right hepatic 
duct, the tumor, and the left hepatic duct with the left lobe of the 
liver and the common hepatic duct. Hepatic-enteric biliary flow 
was reconstituted by a Roux-en-Y hepaticojejunostomy. A mucosa 
to mucosa anastomosis was difficult to achieve, so that interrupted 
sutures of 4-0 Dacron were used to approximate the periductal 
fibrous tissue to the jejunum. Catheter stenting of the ducts was 
not employed, but a suction catheter was left in the peritoneal 
cavity adjacent to the anastomosis to remove any bile leaking 
from the anastomosis or the liver in the early postoperative 
period. 

Twenty-six patients, representing the majority of patients 
before 1970 and most of those with widespread local invasion or 
distant metastases after that date, underwent 28 operations for 
decompression and drainage of their biliary tree. The breakdown 
is as follows: 

No. of Patients 


Choledochostomy 24 
T tube 16 
Y tube 7 
U tube 1 
Hepaticostomy 4 
Total 28* 


*Multiple modalities used in two patients. - 


Drainage was usually accomplished by dilating the strictured 
duets and stenting the stricture with a T tube. The tube was 
positioned in the common hepatic duct, with its proximal limb 
passed through the tumor into either the right or left hepatic duct 
and its distal limb passed toward the duodenum. A Y tube was 
used in seven patients, the proximal limbs of which provided 
drainage of both hepatic lobes. A U tube, as described by 
Terblanche et al, was only used once. Four patients had external 
drainage of bile via a tube inserted above the level of obstruction 
directly into the dilated intrahepatic ducts. None of our patients 
underwent hepaticojejunostomy as originally proposed by Long- 
mire et al.'^ Eight patients underwent exploration only. 


PATHOLOGIC FINDINGS 


Histologic confirmation of the diagnosis was obtained in all 
cases, and all were adenocarcinomas. Typically, the appearance 
was that of clusters of malignant cells surrounded by a dense, 
fibrous stroma. The majority of the tumors were well differen- 
tiated, according to the Broder's classification. Six carcinomas 
were grade 1, 20 grade 2, 6 grade 3, and 6 grade 4 (Table 2). 


RESULTS 
Early Postoperative Course 


There were no hospital mortalities among the four 
patients undergoing resection, whereas three of 26 
patients undergoing drainage and three of eight patients 
undergoing exploration only died within the first month of 
operation. 

Prompt relief of jaundice, itching, pain, and fever 
occurred in those patients in whom it was possible to resect 
the tumor or institute drainage, but, if exploration only 
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Table 3.—Results Six Weeks After Surgical Treatment 
for Carcinoma at Junction of Hepatic Ducts 


96 of Patients 
M 
Symptoms 
XRELSEEMNENEE: 5 2- xem 
Not 
















Improved improved Deaths 
Resectien (n = 4) 100 0 0 
Drainage (n = 26) 85 15 12 


Exploration only (n = 8) 0 100 38 


oe 


Exploration only 
( n *8) 


""""""*t on 


26 of patients surviving to time t 


t-years after operation 


Fig 3.—Survival following operation for carcinoma at junction of 
hepatic ducts. 


was done, none of the patients were relieved of their 
symptoms (Table 3). 


Late Results 


Jaundice and cholangitis continued to be relieved in 
those patients with resection throughout their subsequent 
clinical course, but these symptoms recurred in 19 of 26 
patients with tube drainage (73%) as the months passed. 

The mean duration of survival of the group of four 
patients who underwent resection was 33 months. One died 
11 montks after operation, while three lived at least three 
years after the procedure. Two of the three long-term 
survivors then died of recurrent cancer, but one is still alive 
and tumor-free nearly four years after operation. The 
patients undergoing drainage without resection did less 
well, the mean survival being only ten months. The outlook 
for patients undergoing exploration only was dismal, with 
none of -hem living beyond four months (Fig 3). 

The differences in survival between the group undergo- 
ing resection and the other groups are striking at first 
glance. However, the differences are not statistically 
significant, because so few patients underwent resection. 
Moreover, survival after operation may be related more to 
the seleetion of patients for each procedure than to the 
type of operation performed. Patients were not randomly 
assignec to the three groups. In general, those patients 
underguing exploration only or drainage had more locally 
invasive tumors or had distant metastases, as compared to 
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those undergoing resection. N evertheless, it is clear from 
our data that if resection was done or could be done, the 
outlook was fairly good, but if exploration only was all that 
could be done, the prognosis was poor. 

Chemotherapy with fluorouracil used alone or in combi- 
nation with radiation therapy was employed in 17 patients 
with unresectable or recurrent lesions, but these treat- 
ments did not appreeiably alter the clinical course of these 
patients. 


COMMENT 


The diagnosis of adenocarcinoma at the junction of the 
main hepatic ducts was often missed by the physicians 
initially earing for the patients in this series. The tumors 
were usually confused with other diseases of the liver”? or 
biliary tree,” especially when appropriate preoperative 
tests were omitted. The combination of obstructive jaun- 
dice, enlarged liver, collapsed stoneless gallbladder, and 
patent distal extrahepatic biliary tree should alert one to 
the possibility of adenocarcinoma at the junction of the 
right, left, and common hepatic biliary ducts. Cholan- 
giography is the key diagnostic test. 

At operation, bicpsy of the tumor should be done prior to 
resection to establish the diagnosis. However, some tumors 
are so small and centrally placed that biopsy is difficult and 
malignant cells may rot be obtained. Under these cireum- 
stances, resection of the lesion should still be attempted. 
The characteristic findings on cholangiography, as shown 
in Fig 2, are virtually diagnostic. 

Resection of the tumor combined with excision of the 
left lobe of the liver was followed by prompt relief of 
symptoms and prolonged survival in three of four patients 
in this series in whom it was used. These results are similar 
to those obtained with resection and hepatic lobectomy in 
12 other documented cases, as reported by others,®-1215-17-21 
Reference is made to two additional such cases by Iwasaki 
et al.” Adding the present series of four patients to those 
in the literature makes a total of 16 resected patients in 
whom follow-up data are available. Among the 16 patients, 
there were four operative deaths (25%), five late deaths, 
and seven patients living at the time of the reports. The 
five late deaths occurred an average of 30 months (range, 
12 to 38) postresection, while the remaining seven patients 
were alive an average of 16.2 months (range, 6 to 48) after 
operation. 

None of our four patients undergoing resection had local 
invasion of the hepatic artery or portal vein by the tumor. 
Although some surgeons have resected these tumors even 
when there was sueh invasion, we have considered this 
finding a contraindieat:on to resection. Hepatectomy with 
hepatie transplantation might be considered under these 
cireumstanees," but currently, the risk:benefit ratio for 


_ hepatic transplantation is probably greater than that 


obtained using palliative biliary drainage procedures. 
Others have resected these tumors without employing 
hepatic lobectomy and with reconstruction of the biliary 
tree using the common hepatic duct or the gallbladder.” 
We have not used these procedures, preferring the wider 
excision of tumor and better exposure of the field offered 
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— by hepatic lobectomy. An occasional patient may enjoy 


prolonged palliation of his symptoms by tube decompres- 


-` sion, but our results are in general agreement with those of 


others who found that such relief of symptoms was usually 
only temporary.^*** The carcinoma continues to grow and 
eventually results in the patient's death, usually by restric- 
ture, sepsis, and hepatic failure. Palliation by intrahepatie 
cholangiojejunostomy, even when bilateral, has also been 
attended by a high rate of postoperative complications and 
death./5 15 


References 


1. Klatskin G: Adenocarcinoma of the hepatic duct at its bifurcation 
within the porta hepatis: An unusual tumor with distinctive clinical and 
pathological features. Am J Med 38:241-256, 1965. 

2. Meyerowitz BR, Aird I: Carcinoma of the hepatic ducts within the liver. 
Br J Surg 50:178-184, 1962. 

3. Okuda K, Kubo Y, Okazaki N, et al: Clinical aspects of intrahepatic bile 
duct carcinoma including hilar carcinoma: A study of 57 autopsy cases. 
Cancer 39:232-246, 1977. 

4. Whelton MJ, Petrelli M, George P, et al: Carcinoma at the junction of 
the main hepatic ducts. Q J Med 38:211-230, 1968. 

5. Praderi RC: Twelve years’ experience with transhepatic intubation. 
Ann Surg 179:937-940, 1974. 

6. Terblanche J, Saunders SJ, Louw JR: Prolonged palliation in carcinoma 
of the main hepatic duct junction. Surgery 71:720-731, 1972. 

7. Ragins H, Diamond A, Meng CH: Intrahepatic cholangiojejunostomy 
m the management of malignant biliary obstruction. Su rg Gynecol Obstet 
136:27-32, 1973. 

8. Sullivan RC, Faris TD: Hepaticojejunostomy modified Longmire oper- 
ation for bile duct carcinoma. Am J Surg 114:722-125, 1967. 

9. Cady B, Fortner JG: Surgical resection of intrahepatic bile duet cancer. 
Am J Surg 118:104-107, 1969. 

10. Engler H, in discussion, Quattlebaum JK, Quattlebaum JK Jr: Malig- 
nant obstruction of the major hepatic ducts. Ann Surg 161:867-889, 1965. 

11. Fortner JG, Kallum BO, Kim DK: Surgical management of carcinoma 
cf the junction of the main hepatic ducts. Ann Su rg 184:68-73, 1976. 

12. Haynes CB, Gingrich GW, Thoroughman JC: Carcinoma of the bile 
duct: Diagnosis and treatment. Am Surgeon 30:578-582, 1964. 

13. Kelly K A: Successful resection of adenocarcinoma of junction of right, 
left, and common hepatic biliary ducts: Report of a case. Mayo Clin Proc 
41:48-50, 1972. 

14. Klippe! AP, Saw RB: Carcinoma of the common bile duct: Report of a 
case of successful resection. Arch Surg 104:102-103, 1972. | 

15. Longmire WP Jr, McArthur MS, Bastounis EA, et al: Carcinoma of 
the extrahepatic bilary tract. Ann Surg 178:333-345, 1973. 

16. Mistilis S, Schiff L: A case of jaundice due to unilateral hepatic duct 
obstruction with relief after hepatic lobectomy. Gut 4:13-15, 1963. 

17. Quattlebaum JK, Quattlebaum JK Jr: Malignant obstruction of the 
major hepatie ducts. Ann Surg 161:876-889, 1965. 

18, Akwari OE, vanHeerden JA, Adson MA, et al: Bile duct carcinoma 
associated with ulcerative colitis. Rev Surg 33:289-293, 1976. 

19. Baggenstoss AH: Morphologic and etiologic diagnoses from hepatic 
biopsies witheut clinical data. Medicine 45:435-443, 1966. 

20. Altemeier WA, Gall EA, Zinninger MM, et al: Sclerosing carcinoma of 
the major intrahepatic bile ducts. Arch Surg 75:450-460, 1957. 

21. Altemeier WA, in discussion, Longmire WP, McArthur MS, Bastounis 
EA, et al: Carcinoma of the extrahepatic biliary tract. Ann Surg 178:333-345, 
1973. 

22. Iwasaki Y, Ohoto M, Rodoroki T, et al: Treatment of carcinoma of the 
biliary system. Surg Gynecol Obstet 144:219-224, 1977. 

23. Camprodon R, Salva JA, Jonet J, et al: Successful resection of 
carcinoma of the common hepatic duct at its superior bifurcation. Am J 
Surg 128:433-435, 1974. 

24. Philippakis M, Apostolidis N, Androulakakis P. et al: Use of the 
gallbladder neek in the reconstruction of the bifurcation of the main hepatic 
duets. Am J Surg 41:103-105, 1975. 

25. Monge JJ, Rudie PS: Segmental resection of the common hepatic duct 
for careinoma: A report of three cases. Arch Surg 93:1015-1018, 1966. 

26. Sako K, Seitzinger GL, Garside E: Carcinoma of the extrahepatic bile 
ducts: Review of the literature and report of six cases. Surgery 41:416-437, 
1957. 

27. Brown DB, Strang JG, Hendry EB: Primary carcinoma of the 
extrahepatic bile ducts. Br J Surg 49:22-28, 1961. 

28. Permen LE, McCollum EB: Primary carcinoma of the extrahepatic 
biliary ducts. Henry Ford Hosp Med Bull 11:167-183, 1963. 


Biliary Adenocarcinoma—Akwari & Kelly — 25 


ES 


7 ) 


f rich Five years. 
- ofclinical experience | 
fortheserious — q4 7 , 
anaerobicinfection 7 15 "i: 
~ youtreattoday . ^ ^ "a. 


: Extensive research and clinical experience have | : " 
. established that anaerobic bacteria, once thought ^ f 

_ innocuous, are often the cause of serious infections. | 
B During this time, clinical experience has 
. also established the efficacy of Cleocin* Phosphate _ 
(clindamycin phosphate injection, NF) in serious — - 
. anaerobic infections— primarily intra-abdominal — 
- sepsis and female pelvic infection—used concomitantly 
.. with appropriate surgical procedures. 
2 Clindamycin has maintained an excellent record 
— of in vitro activity against Bacteroides fragilis, the most 

-. commonly isolated anaerobic pathogen in these infections. 
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In Vitro Susceptibility of B. fragilis at Three Infectious Disease Centers* 
as Determined by Agar or Broth Dilution Method 


Number of Cumulative Percentage at 







|. Strains Various Concentrations (ug/ml) 

= Center Years cea <2.0 <4.0 <8.0 
a Te 59 ow 
(NE oe. $9 9 — a T00 
|. Wadsworth to 1972 123 89 |. 96 100 
Ke i | 1972-75 76 84 96 100 
E ue - 197336 ^. 28  - 100 100 100 
VM x Mr 1977 59 98 98 98* 
2 dE xoc .. 1978 37 100 100 100 
7 $ *Published data or data on file with The Upjohn Company. The use of this data does not 
Bt constitute, imply, or suggest a recommendation of Cleocin by these centers. 

ky *Of 678 strains tested at these centers, only one resistant strain, with an MIC of 32 ug/ml, 
Me was encountered. 

E | In a study of six healthy male volunteers receiv- 
.. ing 600 mg intravenous infusions of Cleocin Phosphate 


every six hours, the mean peak serum concentration 
following the fourth dose was 10.42 ug/ml. The mean 
serum concentration immediately before infusing the 
fourth dose was 3.27 ug/ml. 

The parenteral route is recommended initially. 
.. Oral Cleocin* HCI (clindamycin HCI capsules, USP) 

— may be instituted when the patient's clinical status 
.. has improved. 
As there is no cross-allergenicity to the 

B-lactam antibiotics, such as the penicillins and 
cephalosporins, Cleocin is useful in seriously ill 
patients infected with susceptible organisms and who 
are sensitive to drugs in those classes. Hypersen- 
‘sitivity to clindamycin has been reported; if a hypersen- 
Sitivity reaction occurs, the drug should be discontinued. 
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i WARNING = — | m Di 
Clindamycin therapy has been associated — 
with severe colitis which may end fatally. ` 
Therefore, t should be reserved for serious 
infections where less-toxic antimicrobial 
agents are inappropriate, as described in the 
INDICATIONS section. it should not be used 
in patients with nonbacterial infections, such 
as most upper respiratory -ract infections. 
Studies indicate a toxin(s) Droduced by Clos- 
tridia is one primary cause of antibiotic-asso- 
ciated colitis. See WARNINGS section. The 
colitis is usually characterized by severe, per- 
sistent diarrhea and severe abdominal 
cramps and may be associated with the pas- 
sage of blood and mucus. Endoscopic exam- 
ination may reveal pseudomembranous 
Colitis. 

When significant diarrhea occurs, the drug 
should be discontinued or if necessary, con- 
tinued only with close observation of the 
patient. Large-bowel endoscopy has been 
recommended. 

Antiperistaltic agents such as opiates and 
diphenoxylate with atropine (Lomotil®) may 
prolong and/or worsen the condition. 

Diarrhea, colitis, anc pseudomembranous 
colitis have been observed to begin up to 
several weeks following cessation of therapy 
with clindamycin. 


infection and the suitability of less-toxic alter- 
natives (eg, erythromycin). 

Anaerobes: Serious respiratory tract infections 
such as empyema, anaerobic pneumonitis and 
lung abscess; serious skin and soft-tissue infec- 
tions; septicemia; intra-abdominal infections such 
as peritonitis and intra-abdominal abscess (typi- 
cally resulting from anaerobic organisms resident 
in the normal gastrointestinal tract); infections of 
the female pelvis and genital tract such as endo- 
metritis, nongonococcal tubo-ovarian abscess, 
pelvic cellulitis and postsurgical vagina+cuff 
infection. 

Streptococci: Serious respiratory traet infec- 
tions; serious skin and soft+issue infections; 
septicemia. 

Staphylococci: Serious respiratory tract infec- 
tions; serious skin and soft-tissue infections; sep- 
ticemia; acute hematogenous osteomyelitis. 

Pneumococci: Serious respiratory tract 
infections. 

Adjunctive Therapy: In the surgical treatment of 
chronic bone and joint infections due to suscep- 
tible organisms. Indicated surgical procedures 
should be performed in conjunction with antibi- 
otic therapy. 

Bacteriologic studies should be performed to 
determine the causative organisms and their sus- 
ceptibility to clindamycin. 

Contraindications: History of hypersensitivity to 
clindamycin or lincomycin. 


Warnings: See WARNING box. Studies indicate 
a toxin(s) produced by Ciostridia is one primary 
cause of antibiotic-associated colitis. Mild 
cases of colitis may respond to drug discon- 
tinuance alone. Moderate to severe cases 
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NEPHRINE. OXYGEN AND 
ALSO BE ADMINISTERED AS INDICATED. 
Precautions: Review of experience to date sug- 
gests that a subgroup of older patients with 
associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these 
patients, they should be carefully monitored for 
change in bowel frequency. Prescribe with cau- 
tion in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Do not inject intravenously as an undiluted 
bolus; infuse as directed in package insert. Indi- 
cated surgical procedures should be performed 
in conjuriction with therapy. Patients with very 
severe renal disease and/or very severe hepatic 
disease accompanied by severe metabolic aber- 
rations should be dosed with caution and serum 
clindamycin levels monitored during high-dose 
therapy. 

Prescribe with caution in atopic individuals. 
During prolonged therapy, periodic liver and kid- 
ney function tests and blcod counts should be 









performed. Use may result in overgrowth of non- 


susceptible organisms, particularly yeasts. 
Should superinfection occur, adjust therapy as 
clinical situation dictates. Clindamycin has been 
shown to have neuromuscular blocking proper- 
ties that may enhance the action of other neuro- 
muscular blocking agents. Use with caution in 
patients receiving such agents. 


Adverse Reactions: Gastrointestinal: Abdominal 
pain, nausea, vomiting and diarrhea. (See 
WARNING box.) Hypersensitivity Reactions: 
Maculopapular rash and urticaria have been 
observed. Generalized mild to moderate morbilli- 
form-like skin rashes are the most frequently 
reported of all adverse reactions. Rare instances 
of erythema multiforme, some resembling 
Stevens-Johnson syndrome, have been asso- 
ciated with clindamycin. A few cases of anaphy- 
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should be managed promptly with fluid, lactoid reactions have been reported. If a $ 
electrolyte, and protein supplementation hypersensitivity reaction occurs, the drug should — 
as indicated. Systemic corticoids and corti- ^ be discontinued. The usual agents (epinephrine, — 
coid retention enemas may help relieve corticosteroids, antihistamines) should be avail- E 
the colitis. Other causes of colitis should able for emergency treatment of serious reac- P 
also be considered. tions. Liver: Jaundice and abnormalities in liver y 
A careful inquiry should be made con- function tests have been observed during clinda- — 
cerning previous sensttivities to drugs and mycin therapy. Hematopoietic: Neutropenia, ak 
other allergens. Antagonism has been dem- eosinophilia, agranulocytosis and thrombocyto- — 
onstrated between clindamycin and erythro- penia have been reported; no direct etiologic e 
mycin in vitro. Because of possible clinical relationship to concurrent clindamycin therapy Ho 
significance, these two drugs should not be has been made. Local Reactions: Pain, indura- E 
administered concurrently. tion, and sterile abscess have been reported after — 
Usage in Pregnancy: Safety for use in preg- intramuscular injection, and thrombophlebitis "" 
nancy has not been established. after intravenous infusion. Reactions can be min- — 
Usage in Newborns and Infants: When clinda- imized or avoided by giving deep intramuscular, —  - 
mycin phosphate is administered to newborns injections and avoiding prolonged use of indwell- — . 
and infants, appropriate monitoring of organ sys- — ing intravenous catheters. Musculoskeletal: Rare .2 
tem functions is desirable. instances of polyarthritis have been reported. — 
Nursing Mothers: Clindamycin has been How Supplied: Available as a sterile solution fa 
reported to appear in breast milk in ranges of 0.7 with each ml containing clindamycin phosphate — — 
to3:8ug/m. .— .— , equivalent to 150 mg clindamycin. Ampoules E 
Usage in Meningitis: Since clindamycin does of 2 and 4 ml. * 3 
not diffuse adequately into the cerebrospinal Caution: Federal lev "ET Em 
Macs ; prohibits dispensing without 
fluid, the drug should not be used in meningitis. Draechotien. Mi 
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equivalent t0. 0 EON. ve ER «nonce 150 mg 

clindamycin 
Drei alcolio.: eere 5 mg 
disodium edetate . .... ....... EL: 0.5 mg 
Walter for iniecfión m e oes. ws... ses qs 


When necessary, pH adjusted with NaOH 
and/or. HCl. 


Indications: Clindamycir is indicated in the 
treatment of serious infections caused by sus- 
ceptible anaerobic bacteria. 

Clindamycin is alsc indicated in the treatment 
of serious infections cue to susceptible strains of 
strep i, pneumococci, and staphylococci. 
Its use should be reserved for penicillin-allergic 
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A New Aminoglycoside in the Treatment of Septic Burn Patients 


Andrew M. Munster, MD 


è Netilmicin sulfate, a new aminoglycoside antibiotic, was 
administered to ten patients with thermal burns who were 
suffering from septic complications, usually burn wound sepsis. 
There were seven survivors. Eighty-three percent of all clinical 
isolates recovered showed sensitivity to the drug. No renal or 
auditory side effects were noted in any of the patients. 

(Arch Surg 114:28-30, 1979) 


NE sulfate is a new semisynthetie aminoglyco- 
side antibiotie effective against a wide variety of 
Gram-negative bacteria and Staphylococcus aureus. Pre- 
liminary data from the manufacturer have indicated anti- 
bacterial activity with a spectrum comparable to gentami- 
cin sulfate against strains of Escherichia coli, Klebsiella- 


Aerobacter, Enterobacter, Serratia, and Pseudomonas 


aeruginosa. Although minimal inhibitory concentrations 
for netilmicin were reported to be generally somewhat 
higher than those of gentamicin, nephrotoxic and ototoxic 
side effects noted in animal experiments were almost 
absent. This is a preliminary report on the clinical trials of 
this new drug in ten patients with thermal burns who had a 
diagnosis of severe infection in association with their 
injury. 
SUBJECTS AND METHODS 

The criteria for admission to the study were as follows: (1) burn 

wound sepsis as evidenced by obtundation or paralytic ileus or 


both, fever or hypothermia, and at least one quantitative burn 
wound biopsy with a growth of 10° organisms per gram or higher; 
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(2) pneumoaia as evidenced by appropriate changes on the chest 
roentgenog-ams, fever, and a positive sputum culture; (3) septi- 
cemia as ev denced by positive blood cultures (usually in associa- 
tion with eicher burn wound sepsis or pneumonia); and (4) severe 
urinary tract infection as evidenced by pyuria, 10* organisms per 
milliliter in -he urine, and the presence of urinary tract symptoms. 
In actual fact, none of the patients in this report had this last 
indication fer entry into the study. 

All patients signed an informed consent form prior to entry to 
the study. Quantitative biopsy specimens were taken prior to the 
beginning cf the study and at least weekly thereafter, usually 
more frequently, and both disk and tube dilution sensitivities 
against netilmicin as well as other aminoglycosides were 
measured. S»nsitivity to netilmicin, if not available at the time of 
entry to the study, was not a prerequisite; however, the isolate 
recovered had to be one against which netilmicin could be expected 
to be effective. 

All patients underwent a clinical ear, nose, and throat and 
neurological evaluation of the auditory nerve and a pretreatment 
audiogram pior to beginning therapy. In most instances, auditory 
testing was earried out in our special audiology laboratory unless 
the patient was too ill to be placed in a wheelchair, in which case 
the initial testing was done in the patient’s room with noise 
minimized as much as possible. In two instances, patients were. 
either too ill or too uncomfortable to undergo formal audiometric 
evaluation at the beginning of the study. Routine hematologic and 
chemistry velues were determined on a frequent basis on all 
patients, usually daily. These included, as a minimum, serum 
electrolyte ard blood urea nitrogen concentrations, serum creati- 
nine level, uric acid level, and liver function tests, as well as a 
complete bloed cell count and differential count. Urinalyses were 
carried out twice weekly and calculations of creatinine clearance 
were performed frequently. 


Netilmicin Dosage and Serum Assay 


The drug was administered intramuscularly in a dose of 2 
mg/kg every eight hours. A renal failure adjustment exists with 
netilmicin, as with the other aminoglycosides, aecording to the 
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level of seram creatinire: dose of netilmicin sulfate = 2 mg/ 
kg X eight hours X serum creatinine concentration in milligrams. 
As an example, for an incividual with serum creatinine concentra- 
tion of L5 mg, 2 mg/kg of neti micin sulfate would be adminis- 
tered every 12 hours irstead cf every eight hours. This dose 
adjustment for renal failure was used for one patient only, whose 
serum creatinine level was elevated at the beginning of therapy 
and fell to normal during therapy. 

All patients had serum netilmicin determinations performed 
prior to the commencement of therapy, one hour and eight hours 
after the first dose, one nour and eight hours after a dose on the 
fourth day, and one heur and eigat hours after a dose subsequently 
during the course of therapy. 


RESULTS 


Clinieal data are given in Table 1. The age range of the 
patients was from 17 to 64 years, with a mean age of 31.9 
years, and the burn size varied from 19% to 81% of the total 
body surface, with a mean tozal body surface burn of 45.3%. 
The diagnosis was burn weund sepsis in nine patients, 
pulmonary embolus followec by pneumonia and empyema 
necessitating tube thoracostomy in one patient, and pneu- 


monia combined with burn wound sepsis in two patients. ` 


Three patients with burn wound sepsis also had septicemia. 
There were three ceaths anc seven survivors in this series. 
Death in all three patients was due to overwhelming burn 
wound sepsis, although in zwo of the three patients the 
causative organism were sensitive to netilmicin in vitro. 
Two patients with documented septicemia survived. 


Bacteriological Data 


The bacteriological findings are shown in Table 2. Of the 
total of 42 isolates in the tem patients, a mean of 83% were 
sensitive to netilmicin. Pseudomonas aeruginosa showed 
sensitivity in 14 of 1€ instarces, or 88%. Only Streptococcus 
faecalis showed a high degree of resistance, three out of 
three isolates. Cemparison of sensitivity patterns with 
gentamicin, amikacin, and tobramycin sulfate is shown in 
Table 3. As compared with sensitivity to netilmicin in 83% 
of isolates, the level of sensitivity to the other antibiotics 
ranged from 50% to 65%. There was a single isolate that 
was resistant to neti micin and sensitive to one of the other 
antibiotics. 

Duration of Therapy and Serum Levels 

The average day of commencement of therapy was 13.8 

days after burn, with a range of 5 to 28 days. The average 


duration of treatment was 13.7 days, with a range of 3 to 35 
days. The longest treatment in this series, 35 days, was in a 


patient with a 19% burn who suffered a massive pulmonary _ 


embolus documented by angiography that was followed by 
a severe pneumonia and an empyema caused by Klebsiella, 
necessitating tude thoracostomy. This patient made a 
complete recovery and suffered no untoward sequelae of 
any type from his 35-day course of the aminoglycoside. 
Serum levels of netilmicim in the patients of this study 
were an average of 5.6 ug/ml + standard deviation of 1.5 
at one hour, and 0.8 ug + standard deviation of 0.7 at 
eight hours. Peaks of up to 9.8 ug were occasionally ob- 
served. 


Arch Surg—Vol 114, Jan 1979 


10 22 Burn wound sepsis Died 
an ee 







Table 1.—Clinical Data 






Burn Size, 








Age, % Total 
Patient yr Body Surface Diagnosis Outcome 
1 52 67 Burn wound sepsis, Died 
pneumonia 
2 64 27 Burn wound sepsis, Survived 
diabetes 
3 36 19 Pulmonary embolus, Survived 






pneumonia, empye- 
ma 
















6 23 63 Burn wound sepsis Survived 

7 17 53 Burn wound sepsis, Survived 
electrical injury 

8 24 41 Burn wound sepsis, Survived 
burns & multiple 
fractures 

9 31 36 Burn wound sepsis, Survived 
pneumonia 
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Table 2.—Bacteriology* 


Organism Sensitive Resistant 


Pseudamonas aeruginosa 16 (88.8%) 2 


Staphylococcus aureus 7 


Streptococcus faecalis 
Klebsiella-Aerobacter 
Staphwococcus albus 
Total 
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36 (83.4%) 





*Minimal inhibitory concentration of < 2.5 or > 12 mm. 


Table 3.—Comparison of Antibacterial Agents 


Netilmicin sulfate 83.4 
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Side-Effects 


No untoward side-effects as the result of local injection 
in terms of pain or local irritation were observed. No 
alterations in audiological examination of the eighth nerve 
were noted in any of the survivors. One patient suffered a 
10-decibel hearing loss after one week of therapy but 
recovery was noted one week later, despite continuation of 
therapy, and may have been due to noise in the patient's 
room. None of the seven survivors showed any auditory 
alterations on long-term testing. There were no alterations 
of the serum creatinine, blood urea nitrogen, or creatinine 
clearance levels during treatment in any of the patients 
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except for one patient mentioned earlier, in whom the 
serum creatinine level actually fell during therapy. There 
were no hematologic or urinary abnormalities noted. An 
elevation of the alkaline phosphatase level was noted in 
some of the patients during therapy as an isolated finding, 
but levels returned to normal within a few days of cessa- 
tion of therapy. 


COMMENT 


Antibiotic sensitivity patterns of flora recovered from 
.burn patients vary a great deal from year to year. 
Resistance of P aeruginosa to gentamicin is now rather 
common and resistance of E cloacae is also on the rise.' We 
have noted an increasing resistance of organisms, particu- 
larly E cloacae, against amikacin and tobramycin, and it 
was gratifying that netilmicin was effective against all 
= three isolates of Enterobacter recovered in this particular 
— study. The clinical efficacy of the drug is difficult to judge, 
because the series is too small; however, it has been 
reported that in patients with quantitative cultures of 10 


E. organisms per gram or greater from the burn wound, the 
= survival rate is only 2596. In this study, six out of nine 


patients with a primary diagnosis of burn wound sepsis 
recovered, and the total absence of ototoxicity and nephro- 
toxicity was impressive. 

Measurements of serum netilmicin levels at times other 
than one hour and eight hours after dosage were not done 
in this study, therefore, no estimates of the pharmacody- 





namics ean be given. However, at eight hours, the average 
blood concentration of 0.8 ug/ml is well below the minimal 
inhibitery concentration for most organisms. One would 
suspect, therefore, that netilmicin will behave in the burn 
patient in the same manner as has been previously 
reported for gentamicin*^* and more recently, amikacin. 
For these drugs, the serum level troughs earlier in burn 
patients than in nonburn patients because of altered 
pharmaeodynamics, primarily as a result of different renal 
handling. Because of the structural similarities between 
netilmiem and gentamicin, one would expect this to be also 
true of netilmicin. If this were the case, then increased 
netilmicm dosages in burn patients may have to be recom- 
mended after the appropriate dynamic studies are carried 
out. 

This p-eliminary study of ten severely ill burn patients 
with sertic complications of their injury indicate that 
netilmicin is a promising new aminoglycoside, with a 
remarkable freedom from ototoxicity and nephrotoxicity 
and a good antibacterial spectrum, particularly against 
troubleseme organisms such as E cloacae. 


The netiimicin used in this investigation was supplied by Schering Corp, 
Bloomfield, NJ. 


Nonproprietary Names and Trademarks of Drugs 


Gentamiem sulfate—Garamycin. 
Tobramye:n sulfate—Nebcin. 
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CORRECTION 


Error in By-line.—In the article titled “Resection of Postinfarction Left Ventricular 


Aneurysm With and Without Revascularization," prblished in the July ARCHIVES 
(113:817-819, 1978), Dr Jerome Harold Kay's surname vas incorrectly spelled Jay in the 
by-line. 


30 X Arch Surg—Vol 114, Jan 1979 





Netilmicin—Munster 


| HWI 


analgesics 


J. dawns 


and new in... 


1978 


* 
C > 


n= 

| 
Y * 
h 





Now... 


in moderate to severe pain 


Bristol Laboratories is pleased to an- 
nounce a new, extensively studied, ^ 
nonnarcotic, parenteral agent that 
comes closer to the ideal analgesic— 
combining a high degree of potency 
in the relief of moderate to severe 
pain, with a low potential for unde- 
sirable side effects. 


Important new option when 
potent parenteral analgesics 
are indicated 


E Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine * and 
meperidine.’ 7 


W By either I.M. or Il. V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


E Distinguished by its favorable side 

effects profile, ^^ ?'7^* *’—low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 


3.5 


Moderate to severe pain, all doses I. V. 
«x Butorphanol tartrote 0.5 mg 


mum Butorphanol tartrate 1.0 mg. 

3.0 mum Butorphonol tartrate 2.0 mg 
mua Morphine sulfote 2.5 mg 

mum Morphine sulfate 5.0 mg 

(N= 1 16 

2.5 


2.0 


Pain relief score 


0.5 


Sate eet 
0 1.0 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study "... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg.” (DelPizzo') 
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and vomiting, and low incidence of 
CNS effects other than sedation. 


E 2 mg. of Stadol produces an order 
of respiratory depression simi ar to 
that caused by 10 mg. of morphine. 
In contrast to morphine, increasing 
Stadol doses yield greater analgesic 
effect,’ without appreciably increas- 
ing liability for respiratory depres- - 
sion.'^ 


Unsurpassed pain relief 


3.5 







Moderate to severe pain, al doses I.M 
= Butorphono! 1 9.70 kg 
aeuum Butorphanol 2—9./70 kg 
= Butorphanol 4—9./70 kg 
«e Meperidine 40. —g./70 kg 
= Meperidine BC 9.70 kg 
N= 104 
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Hours ofter administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and meperidine hydrochloride 


In moderate to severe pain, butorphanol 
tartrate provided relief "'... that was not 
statistically distinguishable from that 


achieved with 80 mg/70 kg meperidine.” 
(Gibert et al5) 


Please see last page for a brief summary of prescribing information. 


B The low addictive potential of 
Stadol** is underscored by its narcotic 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effect 


Displacement of PACO» (Torr) 


Placebo 





30 60 150 300 
Log dose (j19./ kg.) 
Log dose PACO. displocement curves 


In this graph based on alveolar carbon 
dioxide tension (PACO;) measurements, 
the flatter the curve, the less respiratory 
depression. "The flat dose-response curve 

. . of butorphanol may indicate that, 
because of its antagonistic properties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Nagashima et al'5) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 
piratory depression does not increase ina 
dose-related manner with Stadol, within 
the range of recommended doses. 
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The following table shows a side-by-side clinical comport 
of Stadcl with both morphine and meperidine. 


Clinical 
parameters Meperidine Morphine Stadol 


TERIS to "moderate to moderate to | | 

severe pain _ Severe pain severe pain E 
Standard I.M. 75-100 mg. ; 8- $ 
dose eae | 
Standard I.V. 50-100 mg. Sac mg. —— 
dose ORE URES S LE 
Usual route of L.M./I.V. LMALM. — 
administration | | 







— physical-dependence liability 







































ei: Onset of pain 30 minutes 30 minutes less than 30 
p relief I.M., very I.M., very minutes I.M., 
rapidly I.V. rapidly I.V. very rapidly. | Ve 


Like 
o lot 3 















like 










within 1 hour 
I.M., within | 
30 minutes LV. | 


within 1 hour 
I.M., within 
... 20 minutes I.V. 


within 1 hour 
| .M,, within 
| 30 minutes I.V. 


Peak analgesic 
activity 


"s 
otely 


Like 
slightly | 





Duration of pain | Mightly less 
relief 1.M./1.V. | than morphine 
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Initia: days on drug 










Preference scores completed bw subjects 















during chronic butorphanol tartrate Respiratory dose-related dose-related limited depres- 
administration compared with scores effects depression depression sion—no appre- 





from three other groups of subjects re- ciable dose- 









ceiving 30, 120 and 240 mg. of morphine related increase | — 
daily. (Adapted from Jasinski et al?*) within the range | 
of recommended | - 
doses. p 
Data for this table were obtained from: ae a, rtin, W, ti ics an 
BRISTOL] =. BRISTOL LABORATORIES , ie eea SAEY rait S, A bi P nit Eu pé ), 
BRIST Liv. of Bristol-Myers Company ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
, New York 13201 PP. 325—339; and from manufacturer recommendations. 
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INDICATIONS AND USAGE — 
Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 

n shown to be hypersensitive to it. 
WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closely supervised. It is important to avoid in- 
creases in dose and frequency of injections ^ the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain. 

Head injury and increased intracranial pressure: Although there is no clinical ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fuid pressure. Therefore the use of Stadol in cuses of 
ead injury can produce effects (e.g., miosis) which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is deemed essential. 
Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe intec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 
Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
Piadapcts to greater side effects and greater activity from the usual clinical dose, pos- 
sibly t 
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result of decreased metabolism of the drug by the liver. 

Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 
Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 
Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 
Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 
Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 


lished. 

ADVERSE REACTIONS — The most frequent adverse reactions in 1250 patients treated 

with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 

dx T^ dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness 

; d vo). 

Other adverse reactions which may occur (reported incidence of less than 196) are: 
CNS effects: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinica! trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 

Treatment: The immedicte treatment of suspected Stadol overdosage is intravenous 

naloxone. The respiratory and cardiac status of the patient should be evalucted con- 

stantly and appropriate supportive measures instituted, such as oxygen, intravenous 

uids, vasopressors, and assisted or controlled respiration. 

DOSAGE AND ADMINISTRATION —Adults: Intramuscular— The usual recom- 

mended single dose is 2 mg. This may be repeated every three to four hours, as neces- 

sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 

peated every three to four hours. At this time, there is insufficient clinical data to rec- 

ommend single doses beyond 4 mg. 

Intravenous — The usual recommended single dose for intravenous administration is 1 
. mg. repeated every three to four hours as necessary. The effective dosage range, de- 

pending on the severity of pain, is 0.5 to 2 mg. repeated every three to Tour hours. 

Children: Since there is no clinical experience in children under 18 years, Stadol is not 

recommended in this age group. 

Storage conditions: When stored at room temperature, the stability of the solution in 

vials is 2 years. 

SUPPLY —Stadol (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 

2-ml. vial; 1 mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 

multi-dose vial. 

NDC 0015-5644 —2 mg. per ml., 2-ml. vials 

NDC 0015-5645-—1 mg. per ml., 1-ml. vials 

NDC 0015-5646—2 mg. per ml., 1-ml. vials 

NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 


For information on package sizes available, refer to the current price schedule. 


rm) BRISTOL LABORATORIES 
BRISTO Div. of Bristol-Myers Company 
Syracuse, New York 13201 
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Malignant Melanoma 


Delayed Hypersensitivity Skin Testing 
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Daniel F. Roses, MD; Jchn F. Campion, MD; Matthew N. Harris, MD; Stephen L. Gumport, MD 


* One hundred eighty-two patients undergoing initial surgical 
therapy for primary malignant melanoma were evaluated for 
delayed hypersensitivity using a battery of recall antigens prior to 
surgery. Fifty-six patients were also sensitized with 2, 4- 
dinitrochlorobenzene. All tumors were classified by Clark-Mihm 
levels and the patients were clinically staged. They were 
followed up for an average period of 55 months. There was no 
significant difference in the ability of patients with varied Clark- 
Mihm level lesions to mount a delayed hypersensitivity response 
to the recall battery or to 2, 4-dinitrochlorobenzene. Thirteen 
stage | melanoma patients in whom recurrence developed at a 
distant site exhibited no difference in immune responsiveness 
when compared to 143 patients in whom recurrence did not 
develop when both groups were tested with recall antigens. No 
difference was noted in patients with stage Il disease in whom 
recurrence developed, as measured by reaction to these same 
antigens. Twelve patients demonstrated anergy to recall anti- 
gens, in none of whom has recurrence developed to date. 
Fifty-six patients who were tested with 2, 4-dinitrochlorobenzene 
showed no difference in reactivity with tumors classified at any of 
the Clark-Mihm levels. Anergy demonstrated by delayed hyper- 


sensitivity skin testing appears to reflect increasing tumor - 


burden, rather than a preexisting deficiency that can be used to 
predict patients at high risk for the development of recurrent 
disease. 

(Arch Surg 114:35-38, 1979) 


any tumors, and pzrtieularly melanoma, possess 
tumor-specific antigens, some of which are common 
to all melanomas.' It has also been shown that lymphocytes 
obtained from melanoma patients are capable of reacting 
in vitro with their own melanoma cells, as well as with 
melanoma cells of other patients. These observations lend 
support to the concept that cellular immunity could lead to 
the recognition and rejection of human malignant melano- 
ma in vivo. 

Cellular immunity has been studied in patients with a 
variety of neoplasms. including melanoma.* The relevance 
of measurements of cell-mediated immunity to the clinical 
course of human malignancy, however, remains largely 
conjectural. Some investigators have suggested that the 
development of clinical cancer occurs in an environment of 
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depressed cellular immunity? Demonstration of this 
immunologic impairment has often required the use of 
such nonspecific indexes of immune evaluation as cuta- 
neous reactivity to standard skin test antigens to which the 
patient has been previously exposed, as well as active 
sensitization with topical 2, 4-dinitrochlorobenzene. 

Utilizing the recent development of systems of classifi- 
cation for melanoma by Mihm et al^ and Breslow,’ there is a 
striking eorrelation of survival with levels of invasion and 
tumor depth. The present study has attempted to assess 
cellular immunity as measured by skin test reactivity in 
patients with melanoma prior to therapy and to correlate 
these immune responses with the Clark-Mihm classifica- 
tion, the stage of disease, and the clinical course. 


SUBJECTS AND METHODS 


One hundred eighty-two patients undergoing primary surgical | 


therapy at the tumor service of the New York University Medical 
Center between October 1970 and March 1976 were studied. The 
analysis included only those patients who could be followed up to 
completion of the study (either reevaluation or death) and in whom 
appropriate pathologic material allowed precise classification. 
Patients ranged in age from 20 to 80 years (mean, 48); 94 were 
women (mean age, 51 years) and 88 were men (mean age, 52 
years). In 12 patients in whom a second primary melanoma 
developed at a distant site from the first lesion, only the earlier 
diagnosis was considered. 

The primary lesion in all patients studied was classified by the 
Clark-Mihm system, which divides melanoma into three catego- 
ries: lentigo maligna melanoma, superficial spreading melanoma, 
and nodular melanoma. In addition, depth of invasion was deter- 
mined microscopically and five levels were assigned: level 1, all 
tumor cells above the epithelial basement membrane; level 2, 
tumor invading the papillary dermis; level 3, tumor filling the 
papillary dermis; level 4, tumor invading the retieular dermis; and 
level 5, tumor invading the subeutaneous tissues. 

Patients were classified clinically as stage I if disease was 
confined to the local site, stage II if there was histologically proved 
disease in the regional lymph nodes, and stage III if there was 
metastatie disease beyond the primary site and regional lympha- 
ties. 

To insure the validity of evaluation of the immune response, 
patients over the age of 80 were excluded. No patient studied 
received prior radiation therapy, chemotherapy, or immunosup- 
pressive medieation. None of the patients analyzed had coexisting 
debilitating disease. 

Of the 182 patients, there were six with lentigo maligna 
melanoma, 143 with superficial spreading melanoma, and 28 with 
nodular melanoma. Five patients had melanomas that could not be 
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No. (96) of Patients Anergic 


No. (96) of Patients 
With Positive Tested for Recall Artigen Immure 2, 4-Dinitro- Recall 
Level 2, 4-Dinitrochlorobenzene Response Antigen Response Response (Range) chlorobenzene Antigen 


1 1/1 (100) 3 4.3 (1-6) 0/1 (0) 0/3 (0) 


No. of Patients Awerage Recall 


8/9 (89) 21 
© 14717 (82.2) 53 
19/22 (86.4) 
7/7 (100) 





classified according to the Clark-Mihm system with eertainty, 


l k : although levels of invasion were determined. Three patients had 
- level 1 lesions, 21 had level 2 lesions, 57 had level 3 lesions, 88 had 


level 4 lesions, and 14 had level 5 lesions. One hundred sixty-one 


i CA patients had stage I disease and 21 had stage II disease. Follow-up 


ranged from 28 to 96 months, with an average follow-up period of 


- 55 months. Surgical therapy followed the guidelines deseribed by 


PE. Gumport and Harris.* 


Skin Testing 


Each patient was tested intradermally prior to surgery with five 
recall antigens: intermediate-strength purified protein derivative 


oe _ (PPD), 0.1 ml; mumps, 0.1 ml; Candida albicans antigen, 0.1 ml, 


1:100; Trichophyton, 0.1 ml, 1:30; and streptokinase/streptodor- 


si S - nase, 0.1 ml, 40 u/ml. Each antigen was injected at a diserete site 
. .. enthe volar surface of the patient's forearm. Prior to surgery, the 
— A — largest diameters of induration and erythema were recorded at 24, 


48, and 72 hours. Skin test reactions were grouped as beimg 0 to 4 
mm, 5 to 9 mm, 10 to 14 mm, 15 to 19 mm, and greater than 20 mm 
. in diameter of inducation. Zero to 4 mm was considered a negative 


— reaction or a sign of anergy to the specific antigen, while a 


reaction of 5 to 9 mm was considered a sign of relative anergy. 
Each multiple of 5 mm of induration was assigned one point, so as 


~ to scale the relative immunity. The total induration demonstrated 


for all five recall antigens was then added, and the sum of the 
assigned points allowed for a total score of immune responsiveness 
to the entire antigenic battery for each patient. 

After March 1973, sensitization to 2, 4-dinitrochlorobenzene was 
also utilized prior to surgery to evaluate cutaneous reactivity. 
Fifty-six patients were tested by topical sensitization to 500 mg of 
2, 4-dinitrochlorobenzene dissolved in 0.1 ml of acetone on the 
medial aspect of an upper arm. At a minimum of 14 days later, the 
patients were rechallenged with 0.1 ml of 0.03% 2, 4-dinitrochlo- 
robenzene applied to the ipsilateral part of the forearm. Rechal- 
lenge therefore occurred following surgery. Reactions were 
observed at 24, 48, and 72 hours and the maximal reaction was 
recorded. Failure to demonstrate erythema and induration was 





0/21 (0) 
2/53 (3.8) 
7/15 (9.3) 
2/9 (22) 


6.0 (1-13) 
5.5 (0-15) 
5.2 (0-15) 
3.3 (0-6) 


1/9 (11) 
3/17 (17.8) 
3/22 (13.6) 


Tacle 2.—Comparison of 2, 4-Dinitrochlorobenzene 
Reactivity in Patients Free of Disease 
and Those Progressing to Stage Ill 


No. (%) of Patients 
With Distant 
Metastases 

(Stage Ill) 
(N = 9) 


No. (%) of 
Patients Free 
of Disease 
(N = 47) 
2, 4-Din trochloroben- 
zene reactivity 


Anergy 


42 (89.4) 
5 (10.6) 


reactivity at any of the Clark-Mihm levels (Table 1). A 
comparisen of 2, 4-dinitrochlorobenzene reactivity in the 47 
patients who remain free of disease and the nine in whom 
recurrence developed at a distant site (stage III) can be 
seen in Table 2. There was no significant difference in 2, 
4-dinitrochlorobenzene reactivity in these groups. 

In 13 of the 161 patients (8.1%) with stage I melanoma, 
recurrence developed at a distant site (stage III). All of 
these pat.ents had Clark-Mihm levels 4 and 5 lesions. A 
compariscn of skin test reactivity of these patients with 
patients with Clark-Mihm levels 4 and 5 lesions, stage I 
disease, m whom recurrence did not develop is shown in 


. Table 3. There was no significant difference in immune 


responsiveness in these two groups. No patient with a 
Clark-Mit- m level 4 or 5 lesion in whom recurrence devel- 
oped demonstrated anergy to the recall antigens. 

An evaluation of the 21 patients with stage II disease on 
the basis of clinical status of the regional lymph nodes is 
seen in Table 4. No significant difference was found in 
response :o skin test antigens in patients with clinically 
negative 5ut histologically positive nodes and those with 
both clinically and histologically positive nodes. 


b = considered a negative reaction (anergy), while any combination of Recurrence developed In 12 of the 2] patients with stage 
these, as well as vesiculation and ulceration, were considered a H disease, while nine remain alive and free of disease. A 
- — positive reaction. compariscn of the skin test reactivity in these two groups 

Ee | RESULTS can be seen in Table 5. There was no significant difference 

ES in these two groups. 


CH VNE 


A comparison of the skin test reactivity to the battery of 
recall antigens for patients with stage I disease and 
classified by Clark-Mihm levels is shown in Table 1. There 
was no significant difference in immune responsiveness at 
any of the levels, although there was a higher rate of 
anergy for recall antigens in patients with level 5 disease. 
Testing with 2, 4-dinitrochlorobenzene for 56 patients with 
stage I and stage II disease and classified as well by 
Clark-Mihm levels showed no significant difference in 
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Twelve patients demonstrated total anergy to recall 
antigens. In none of these patients has recurrent disease 
developed to date. These included 11 patients with stage I 
disease ard one patient with stage II disease. 


COMMENT 


Delaye hypersensitivity reactions are often impaired in 
patients with cancer, but the mechanisms by which this 
deficiency may lead to oncogenesis have eluded investiga- 
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No. of Patients Free of Disease 


Average of Immune 
Response (Range) 
5.0 (0-15) 

3.3 (0-6) 


Tabie 4.—Recall Antigen Response in Patients With 
Stage I! Melanoma 









No. of Patients 


Clinical Negative / Clinically Positive / 







Histolegically Histologically 
Positive Regional Positive Regional 
Nodes “N = 16) Nodes (N z 5) 














Ayerage immune 








response 
(range) 5.6 (0-9) 6.4 (3-8) 
Anergy (96) 1 (6.3) ; 0 (0) 












Table 5.—Comparison of Recall Antigen Response of 
Stage Il Patients With Those Progressing to Stage III 


No. of Patients 
No. of Patients With 
Free of Disease 
(N = 9) 


Distant Metastases 
(Stage III) (N = 12) 


Average immune 
response 
(range) 


5.5(0-9) . 6.0 (2-9) 


Anergy (96) 1 (11) 0 (0) 





tors to date. Demonstration of impaired cell mediated 
immunity has often depended on nonspecific factors such 
as the expression of preexisting cutaneous reactivity. 

The present evaluatior of melanoma patients has 
attempted to determine if skin test reactivity at the time 
of initial evaluation might serve as an effective prognostic 
indicator for patients at a high risk for recurrence. Since it 
has been previously presumed that the stage of disease 
generally correlates with the level of immunity, we 
attempted to compare stage I and stage II disease, as well 
as further evaluate by Clark-Mihm levels. The recent 
development of th:s type of classification of primary 
melanoma has made such an analysis possible. 

No signifieant difference was found in reactivity to 
recall antigens cr 2, 4-diritrochlorobenzene for patients 
with progressive Clark-Miam levels of invasion. In addi- 
tion, no difference in recall antigen reactivity was demon- 
strated in patients with clinical as well as histologic 
involvement of regional lymph nodes, as compared to those 
whose only nodal involvement was microscopic. Likewise, 
recurrence of disease could not be correlated with the 
initial degree o? skin test reactivity, nor did anergy 
represent a poor prognostie sign. Although immune reac- 
tivity may be altered by surgical therapy, the low incidence 
of anergy in all groups indicates that surgery did not lead 
to a failure of response to rechallenge with 2, 4-dinitrochlo- 
robenzene. 
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Table 3.—Comparison of Recall Antigen Response of High-Risk Stage | 
tClark-Mihm Levels 4 and 5) Patients and Those Progressing to Stage III 


T Ni ATR T " a 1s 
(Pe mas "wwe m ^j P TE ACT o. 
els Ti +t Vs 


No. of Patients With Distant Metastases (Stage III) 


No. (%) 
Anergic 


No. of 
Patients 


Average of Immune 
Response (Range) 
5.8 (0-12) 
3.3 (0-6) 






Although initial skin testing may serve as a reference ; E 
for future evaluation of a patient's immune status, from — 


the data described in this report, it does not appear to yield 
adequate information in predicting either prognosis or - 


guidance in therapy for patients with malignant melano- p: A 


ma. 


Previous reports have demonstrated a correlation with 


stage of disease and immune competence as determined by © ju 
delayed hypersensitivity skin testing in cancer patients. - Ds 


Solowey and Rapaport* evaluated the skin test reactivity in - 


91 patients with cancer and 46 patients with nonmalignant - pr 
surgical disease. Twenty-five patients with cancer and 85 


cancer-free subjects reacted to at least one of five recall 
antigens used. Correlation of responses with the presence 
or absence of metastatic disease indicated that the anergy 


of patients with cancer was associated with its spread m | 


beyond local confines and that there was only a slight 
differenee in delayed hypersensitivity response in patients 
with localized cancer and those who were cancer-free, 
Pinsky et al” evaluated delayed hypersensitivity reac- 
tions to 2, 4-dinitrochlorobenzene in cancer patients and to 
a recall antigen battery of dermatophyton, mumps anti- 
gen, PPD, and streptokinase/streptodornase. There was a 


strikingly high incidence of positive tests to 2, 4-dinitro- - 


chlorobenzene in patients with melanoma and sarcoma - 


with distant metastases (87%) and a strikingly low inci- 
dence in patients with squamous carcinoma of the head and 
neck with no known metastases and regional metastases 
(39%), indicating that factors other than the extent of 
disease influenced reactivity to 2, 4-dinitrochlorobenzene. 
Eilber et al" evaluated the immunologic reactivity of 116 
patients with malignant melanoma and 40 patients with 
skeletal and soft tissue sarcoma who received adjuvant 
immunctherapy. An excellent correlation was observed 


between delayed cutaneous hypersensitivity to 2, 4-dini- — . 


trochlorobenzene and the clinieal extent of malignancy. 


Eighty percent of patients with stage I disease were 2, —— : 
4-dinitrochlorobenzene-positive, whereas only 37% of stage 


III patients reacted on initial testing. It should be noted, M 


however, that evaluation of melanoma patients by levels of i $ 


invasion and regional node involvement was not 
performed. Response to 2, 4-dinitrochlorobenzene was 
sequentially evaluated and indicated that variations in- 
immune reactivity occurred that correlated with the 
patient’s clinical course. Persistence of nonreactivity to 2, 
4-dinitrochlorobenzene or conversion from a reactive to an 
anergic status was associated with postoperative recur- 
rence in more than 80% of patients. On the other hand, 
conversion from an anergic to a reactive status was 
observed if tumor control was achieved. These results 
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indicated to the authors that the defect in systemic immu- 


nity was closely associated with tumor cell burden and that 
sequential evaluation of 2, 4-dinitrochlorobenzene reactivi- 
ty was a clinieally useful monitor of disease progression. 
Hersh et al? evaluated the recall antigen delayed type 
hypersensitivity responses of 44 patients with melanoma 
and their normal spouses. Although there were minor 
differences for dermatophyton, Candida albicans antigen, 
and streptokinase/streptodornase, only the mumps re- 
sponse was significantly lower in patients with melanoma. 
The authors also noted differences in recall antigen 
delayed type hypersensitivity with different histologic 
types of malignancy. Thus, when they compared the recall 
antigen responses of patients with lung cancer and malig- 
nant melanoma, there were no significant differences in 


the dermatophyton and streptokinase/streptodornase re- 


sponses, whereas there were dramatic differences in the 
percent of subjects reactive to Candida albicans and 
mumps antigens. The majority of melanoma patients were 
reactive, while the majority of lung cancer patients were 
unresponsive. The basis for this difference is not under- 
stood, but they suggested that selective immune deficiency 
may be associated with cancer of specific types. 

Johnson et al? have pointed out that reactivity to 2, 
4-dinitrochlorobenzene must be accompanied by simulta- 
neous assessment of the inflammatory response, since 
specific impairment of delayed reactivity can be consid- 
ered only in patients who have an intact inflammatory 
reaction. To evaluate this, they tested 21 patients who had 
various types of advanced cancer, 17 of whom were receiv- 
ing chemotherapy with various agents. In addition to 2, 
4-dinitrochlorobenzene skin testing, croton oil was simulta- 
neously utilized to challenge the patient and to test the 
inflammatory response. In all normal subjects, delayed 
hypersensitivity to 2, 4-dinitrochlorobenzene developed 
and all but one had a positive inflammatory response to 
croton oil. Thirteen of the 21 patients with cancer did not 
manifest an inflammatory response to eroton oil. The other 
eight had normal responses to both 2, 4-dinitrochloroben- 
zene and eroton oil. The frequency of response to both skin 
reactants was significantly lower in the patients with 
cancer than in the control group. There was no significant 
difference in the proportion of patients with cancer 
responding to either of the two reactants. 

The authors suggested that the use of 2, 4-dinitrochloro- 
benzene to evaluate delayed hypersensitivity should be 
accompanied by simultaneous assessment of the inflamma- 
tory response and that specific impairment of delayed 
reactivity could only be considered in patients who had an 
intact inflammatory response. If defective delayed hyper- 


sensitivity was defined in this fashion, 12 of 13 patients 
"who did not react to 2, 4-dinitrochlorobenzene did not have 


defects in delayed hypersensitivity per se, since none of 
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them manifested an inflammatory response to croton oil. 
This study underscored the need for investigation of the 
inflamma-ory reaction when delayed hypersensitivity as 
measured by a skin response appeared to be absent. 
Furthermere, these findings indicated that criteria inde- 
pendent c= skin testing may be required to assess compe- 
tence of the cellular immune response. 

Our data seem to support previous reports that anergy 
demonstrated by delayed hypersensitivity skin testing is a 
reflection of increasing tumor burden, rather than a 
preexisting deficiency that can be used to predict patients 
at high risk for the development of recurrent disease. What 
may be required is a more specific means of assessing 
immune competence in vivo directed against specific mela- 
noma antizens. Whether such assessment will add prog- 
nostic information to the pathologic classifications pres- 
ently beimg used remains to be seen. Likewise, the thera- 
peutic implications of testing for immune competence 
against melanoma specific antigens will depend on the 
efficacy of immunotherapy in the future. 


Alfred W. Kopf, MD, of the New York University Department of 
Dermatology. and Ella Biondi and her staff gave advice and technical 
assistance. 


Nonoroprietary Name and Trademark of Drug 
Streptokinase-streptodornase— Varidase. 
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Treatment Outcome in 


Recurrent Head and Neck Cancer 


Nathan W. Pearlman, MD 


è One hundred cases of racurrent oral, pharyngeal, or laryn- 
geal squamous cancer were reviewed to determine the contribu- 
tion of retreatment of such lesions to overall survival. Thirty 
percent (8/27) of locally recurrent T, . primary lesions and 4% 
(1/28) of recurrent T,, lesions were cured by retreatment. 
Forty-five percent (5/11) of patients with conversion of N, necks 
were salvaged, while no cures of neck recurrence after an earlier 
elective (four) or therapeutic (22) neck dissection were seen. 
Three of eight patients wilh isolated lung recurrence were 
salvaged. Patients benefiting most from retreatment were those 
with local recurrence of small primary lesions, conversion of a 
previously N, neck, or isolated lung disease. Those with other 
types of recurrence were he'2ed much less. 

(Arch Surg 114:39-42, 1979) 


pee squamous cancer of the oral cavity, pharynx, 
or larynx is encountered not infrequently. In the 
review of Gilbert and Kagan,’ the incidence of this problem 
was 30% to 50% in most series. While the outlook for such 
patients is grim. it is nof hopeless. Many cases can be 
retreated and some are salvaged, depending on the site and 
stage of recurrence end methods used for retreatment. The 
fact that cures are possible in this situation is frequently 
cited? as a reasan to use radiotherapy for primary treat- 
ment of most squamous tumors in this region. This 
approach cures many patients at the outset and spares 
them the loss of function or appearance associated with 
surgery. Advocates of primary surgery for such patients" 
contend, however, that recurrence rates are higher with 
radiation and that the results of surgery for recurrence are 
worse than when used for primary disease. 

In light of these eonfliczing viewpoints, it would seem 
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useful to review the effectiveness of therapy for recurrent 
disease. It may be the case that the same number of 
patients are cured by a policy of primary radiation for all, 
with surgery reserved for recurrences, as are cured by a 
policy of primary surgery for all. This would tend to 
support the radiation proponents. If, however, the salvage 
gains of retreatment are not that substantial, then more 
patients should be operated on primarily or better means 
of treating recurrent disease should be searched for. 
Prompted by these issues, a retrospective review of the 
experience with recurrent head and neck cancer at the 
Denver Veterans Administration hospital was undertak- 
en. 


SUBJECTS AND METHODS 


The case records of all patients undergoing primary treatment 
for squamous cancer of the oral cavity, pharynx, or larynx between 
1958 anc 1973 were reviewed. Tumors of other sites or other 
histology were excluded. A minimum four-year follow-up existed 
for 225 patients and these are the basis for study. Treatment 
methods. during the period of review, varied from time to time 
according to periodic results appearing in the literature and 
physician preference. Generally, T,.. laryngeal or pharyngeal 
tumors were radiated to 6,000 to 6,500 rads using external beam 
therapy er were treated by a combination of external beam plus 
interstitial implant. Many of these lesions, however, were treated 
surgically by pharyngectomy or partial/total laryngectomy. Larg- 
er (T.,) laryngeal or pharyngeal lesions, and most oral tumors, 
were resected primarily, with or without accompanying radiation, 
unless the patient refused surgery. Clinically negative (N,) necks 
were observed in more than half the patients, some of whom 
received partial neck irradiation along with treatment of the 
primary lesion. Radical neck dissection, with or without radiation, 
was always used for clinically positive (N.) necks; unless the 
patient refused such recommendations. - 

A preliminary review of the data revealed that local recurrence 
was more a function of primary tumor size and treatment than 
site of involvement. In addition, local recurrence rates after 
combined surgery and radiation did not change much with differ- 
ing levels of radiation. Neck recurrence reflected mainly whether 
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No. of 
Patients 


No. (%) With 
Local Recurrence* 


Initial Primary 
Size and Treatment 















T 







'Radiotherapy alone 51 17 (33) 
Surgery alone 68 7 (10) 
Radiotherapy plus surgery 20 4 (20) 
Total 139 28 (20) 
T... 
Radiotherapy alone 26 14 (54) 
Surgery alone 19 6 (32) 
Radiotherapy plus surgery 31 7 (22) 
Total | 76 27 (36) 





*Local recurrence or local plus neck recurrence. 


Table 1.—Local Recurrence and Salvage 









Salvaged 


Eligible for ——MMM— No. (96) 
Retreatment? Surgery Radiotherapy Dead of Disease 





10 5/10 Ts 12 (24) 
+a 2/7 5 (7) 
1 1/1 -— 3 (15) 
18 6/11 2/7 20 (14) 
4 1/4 T 13 (50) 
3 à 0/3 6 (32) 
1 0/1 Sd: 7 (22) 
8 0/3 26 (34) 


tPatients with local recurrence considered potentially curable by retreatment, the other patients being treated only for palliation. 


No. of 
Patients* 


Initial Neck 
Status and Therapy 





Primary 
Controlled 









*Includes eight patients with unknown primary lesions. 


Table 2.—Neck Recurrence and Salvage 
Observationt 5 11 (19) 6 (10) 
Radiotherapy alone 3 (50) 3 (50) 


N, 
80 8 
Elective radical neck dissection 57 4 
137 112 
N. 
18 6 
Radical neck dissection alone 25 21 
Radical neck dissection plus 
radiotherapyt 
< 5,000 rads 16 11 
> 5,000 rads 27 19 
Total 86 57 






No. (%) 
Dead of Disease 


No. (%) With 


Recurrence in Neck Retreated Salvaged 







4 (7) 
15 (13) 


8 (38) 


11 5 

1 0 

12 5 

0 eee 

8 (38) 6 0 
2 0 


4 11 (37) 
7j 37) 


22 (38) 










8 0 22 (38) 


tincludes 24 patients receiving partial neck radiation, in whom recurrence rate is 17%. 


tincludes both preoperative and postoperative radiation. 


the neck was N, or N, originally, but not the degree of involve- 
ment. Patients were grouped, therefore, by either primary lesion 
size (T,.. or T,..) or initial neck status (N, or N.) and then analyzed 
for recurrence according to primary therapy: surgery alone, 
radiation alone, or combined treatment (radiation plus surgery). 

Local recurrence was defined as any invasive squamous cancer 
that appeared, with or without neck disease, in the region of the 
first primary lesion and within four years of such. Disease 
contralateral to, or more than 5 to 6 cm from the first, was 
considered a second primary lesion. Neck recurrence was defined 
as any neck disease, ipsilateral to a controlled primary lesion, 
appearing at any time after primary treatment. Nodes that were 
contralateral to the primary lesion (two patients) were not 
included in this category. Any squamous cancer of the lung was 
considered metastatic unless adjacent in situ changes existed, in 
which case it was defined as a second primary lesion. 

Local recurrence after radiation alone or combined treatment 
was resected radically when cure was the aim, while local surgical 
failures were usually radiated to varying degrees. Patients with 
development of conversion of a previously No (and observed) neck 
underwent neck dissection. If, however, a neck dissection had been 
previously carried out and neck recurrence developed, radiation or 
chemotherapy was used. Retreatment was defined as curative if 
all known disease was removed or radiated to at least 5,000 rads. 
Lesser measures were considered palliative. Follow-up in all 
patients with recurrent cancer was a minimum of 36 months and 
only one of the 83 dying of recurrence did so after this time. 
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Table 3.—Causes of Death After Recurrence 


Initial Site of Recurrence 
M 
Local* Neck Distant Total 





No. salvaged 
Cause cf death 


Local 
Neck 
Distant 
Unknewn 


*includes patients with local plus neck recurrence. 


Consequen:ly, patients were considered salvaged after retreat- 
ment if livmg and free of disease more than 36 months later, or 
free of original cancer at autopsy. This included those dying of 
second primary cancers, but did not include patients dying of 
unknown causes, who were considered dead of their first malig- 
nancy. 


RESULTS 


Patients ranged in age from 42 to 88 years, with most 
falling im the 60- to 70-year bracket. All were men. 
Operative (in-hospital) mortality after primary treatment 
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Survival time after recurrence in patients not salvaged by retreat- 
ment. Open circles indicate curative treatment (34 patients), 
closed circles, palliative treatment (49 patients). 


was 1.4% (two cf 140 patients). There were no deaths 
following treatment of recurrent disease. In 100 of 223 
patients surviving primary treatment, recurrent cancer 
developed, an ineidence of 45%. Second primary cancers 
were noted in 23% of those cured by initial treatment and 
29% of those salvaged following recurrence. N inety percent 
of second primary lesions were in the aerodigestive tract 
and 58% were fatal. 

Local recurrence, with or without neck involvement, 
occurred in 55 patierts. In more than 90% of instances, this 
occurred within 36 months of primary treatment. As seen 
in Table 1, about two thirds (18/28) of patients with local 
recurrence of a T... primary lesion were retreated for cure 
and 4455 (8/18) of those treated were salvaged. Consequent 
to this, local radiation failures were reduced from 33% to 
24%, and surgical failures reduced from 10% to 7%. For 
combined treatment, the reduction was from 20% to 15%. 
The differences between surgery and radiation, both 
initially and after retreatment, are significant (P — .05 by 
X^), while differences between combined therapy and other 
modalities are not significant. 

Much less success was noted with recurrent Ts., cancers. 
Less than one third (8/27) of these patients were able to be 
aggressively retreated and only one (4%) was salvaged. The 
initial failure rates Zor this size lesion (54% for radiation, 
32% for surgery, 22% for eombined therapy) were, there- 
fore, essentially unchanged by retreatment. The differ- 
ences seen here between radiation and combined therapy 
are significant (P < .025) but in comparisons between 
other modalities, there are no differences of note. The 
inability to salvage patients with recurrence of large 
primary cancers led to an overall cure rate of 16% for all 
patients with local recurrence. 

Neck recurrence (primary controlled) occurred in 37 
patients. In 35, this was noted within 40 months of primary 
therapy. As seen in Table 2, 19% of patients observed for an 
N, neck had a recurrence in that neck. Retreatment 
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was lung metastases. Six of them underwent surgical | E 








salvaged 45% (5/11) of them, reducing eventual treatment | 4 
failure in such patients to 10%. This figure is virtually the : 


same as the 7% of patients experiencing recurrence after d 
an elective neck dissection, none of whom was salvaged by |. 
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excision(s) of their lesion(s) and three were salvaged. | 
The eventual causes of death in all patients with recur- A 
rent disease are shown in Table 3, those dying of unknown 
causes being considered dead of cancer. Most died of  - 
uncontrolled disease at the site of first recurrence, with 
only 10% dying of distant metastases. The Figure shows (aH 
the outcome after eurative or palliative retreatment, those P^ 
being salvaged by therapy not included. After six to eight -- 
months, the slope of each survival curve is the same. - 
Although the two groups are not completely comparable, a 
review of the palliative cases revealed many patients who 2 
could have received curative therapy, but did not. The E. 
difference in survival times seen in the Figure suggests — 
they might have lived longer had they been treated more  — 
aggressively. | MR 


COMMENT 


In previous studies, the results of treatment for recur- . 
rent head and neck cancer vary widely according to the site 
and stage of recurrence being treated. It would appear that © 
the best results obtain when local radiation failures of — 
laryngeal cancer are being managed. Fifty percent to 77% 


of such patients were cured in the studies of Jesse et al? — . 


DeSante et al; Daly and Strong," and Marquez." Since m 
most of these patients had presumably undergone irradia- _ l 
tion fora T, , primary cancer,’ the 44% salvage wenotedin 
such situations is reasonably similar to the foregoing. Less 
success is obtained with recurrent oral or pharyngeal  - 
cancer. While Jesse et al? show a 38% cure of recurrent T, — 
lesions, and 23% of T, ,, most authors show only a 0% to 20% — 
salvage in such patients,!->-%9-10-19.14 | ES 

One facet of the problem that may explain these dispar- _ 
ate results is the fraction of patients having recurrent ] 
disease that is too massive to be considered for aggressive 
retreatment. This is illustrated by the work of Crews ana _ 
Fletcher,’ in which 60% of patients undergoing curative — 
therapy for local recurrence were salvaged. Despite that, Ee 
only one half of the patients with the problem were treated 
for cure (reducing overall salvage to 28%). Similar events 
occurred in the population studied herein. While 44% ofthe —. 
group treated for recurrence of a T... primary lesion were 
cured, only two thirds of the patients with such disease 
were treated, thereby reducing salvage to 30% in this 
cohort. Then, with only 456 of those with larger recurrences 
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being cured, the salvage was reduced further, to 16%, when 
all patients were considered together. 
As regards neck recurrence, Jesse et alj^ Shah and 


Tollefson, and Mendelson et al’ all note that 40% to 5096 


of patients undergoing neck dissection for conversion of a 
previously N, neck are cured. Conversely, when recurrence 
in a previously N. neck is treated, only 5% to 11% of 
patients are salvaged in the reports of Mendelson et al" 
and Fletcher." The results of this study are similar to the 


above, in terms of neck conversion, but we noted no 
= salvages of those failing in a previously N. neck. 


Taken together, these findings suggest that the possibil- 
ity of successfully treating recurrent disease gives the 
physician the most flexibility when dealing with small 
laryngeal cancers or N, necks. One may choose to radiate 
these primary cancers, or observe such necks with a good 


chance of initial control and a high likelihood of salvage 
should recurrence eventuate. There is much less chance of 
cure should patients with oral/pharyngeal primary lesions 
or N. necle recur after initial treatment and one must 
approach them more aggressively at the outset. The find- 
ing that pa-ients with Ts., primary lesions, or N, necks, are 
rarely salveged after recurrence would suggest that newer 
methods o; managing such treatment failures warrant 
investigatien. Finally, while aggressive therapy for recur- 
rent disease? appears doomed to eventual failure in most 
patients, tFis does not constitute a contraindication to its 
use whene-er technically and physiologically possible of 
being carried out. This approach offers the patient his only 
chance of care and, even when destined to be unsuccessful, 
appears capable of keeping him alive longer than does a 
more modest approach. 
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CORRECTION 


Error in Unit of Measure.—In the article titled “Erhancement of Tissue Po, of 
Strangulated Bowel by Topical Application of Sodium Natroprusside," published in the 


September ARCHIVES (113:1096-1099, 1978), an error occurred in the units of measure on 
p 1097, paragraph 2, lines 1 and 3, and paragraph 4, lines = and 4. It should read 20 ug/kg, 
500 ug/kg, respectively. 
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E Avg. Months Months 
B | Number Number 96 Weighted Maximum 
j Operation type Implanted Patent Patency Experience Experience 
* Above-Knee 
v Fem-pop : 1740 1526 88% 3.6 34 
i Ilio-fem 153 145 .9596 4.1 22 
£ M llio-pop 58 54 9396 2.1 18 
p Fem-fem 105 98 93% 2.3 20 
» 4 Pop-segmtl 14 11 7996 1.3 17 
na Aorta-pop 21 16 7696 2.4 14 
> Aorta-fem 133 128 96% 6.4 29 
p Axil-fem 143 132 92% ].7 14 
a Axil-bifem 31 3l 10096 3.7 16 
| 0446 Aorto-iliac 5 5 10096 2.0 6 
Fem-profunda 14 11 7996 1.9 15 
Axil-pop 19 17 89% 5.5 | 16 
Iliac-fem 2 l 50% 3.5 7 
Iliac-pop 10 7 70% 6.0 24 
* a Others 4 2 5096 «0.5 ] 
bs Group Totals 2452, 2184 8996 3.6 34 
3elow-H 
5 Fem-dist-pop 958 792 83% 3.2 
E Fem-ant-tibial 183 129 7096 1.5 19 
: Fem-post-tibial 292 197 67% 2.6 38 
^w E Fem-peroneal 111 78 7096 Ly 22 
P. 1 Aorta-ant-tib 2 l 50% 0.0 0 
WO Ileo-post-tib 5 80% 1.2 6 
E Ileo-pop 5 3 60% 3.0 5 
po Fem-dorsalis ped 24 13 5496 3.0 12 
oy Aorto-dist pop 9 5 
ü Iliac ant-tib 4 4 
E Axil-dist-pop 2 2 
D Iliac-dist-pop 4 2 
3 Pop-post-tib 2 2 
| Other 7 3 
Group Totals 1604 1235 
Cross-over Grafts 
Fem-fem 185 176 9596 6.2 30 
Fem-pop 37 33 89% 2.2. 24 
Fem-profunda fem 3 3 10096 2.3 7 
Axil-fem 6 6 10096 3.0 16 
k Fem-distal pop l l 100% 7.0 7 
Others 4 3 75% <0.5 
Group Totals 236 222 9496 5.4 
i Composite Gr 
r C-fem-distal-pop 9 9 10096 2.6 8 
m C-fem-ant-tib 3 3 10096 6.0 7 
s C-fem-post-tib 14 13 9396 3.6 7 
a. C-fem-peroneal 4 4 10096 2.5 5 
Group Totals 30 29 9796 3.4 8 
AV Fistulae 476 1 5470 ; 22 
Forearm 504 478 9596 0.8 18 
Upper arm 370 352, 9596 3.6 20 
" Arm 49 39 80% 0.7 10 
| Leg 101 98 9796 1.0 18 
Group Totals 1520 1383 91% 2.3 22 


| Pulmonary Grz 
3) Aorta-pulm shunt 57 48 84% 3.4 27 
Pulm reconstrts 3 2 6796 0.0 0 
Subclav-pulm l ] 100% 1.0 FARES. | 
Group Totals | 61 51 8496 3.1 27 











Other Arterial Grafts © 


Renal artery 18 17 94% 10.7 30 
Axil-axil 33 33 100% 4.1 18 
Carot-subclav 52 50 96% 8.9 31 
Aorto-coronary 15 11 7396 2.3 17 
Aorto-renal 25 23 9296 4.0 26 
Others 64 62, 9796 3.2 29 

207 196 95% 5.5 3l 

ae EETA E ee Grafts 8 34 89% 7.8 42, 
143 135 9496 5.0 30 


Totals, All Operations 6291 5469 8796 3.2 42 
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In 1977, we said: “It is time 
to consider GORE-TEX reinforced 
polytetrafluoroethylene (PTFE) 
vascular grafts as a viable alterna- 
tive to saphenous vein autografts! 

Has experience borne out that 
claim? Let's take another look. 


The GORE-TEX” 
inforced PTFE graft 
vi works. " 


If anecdotes were data, 
we'd have no trouble proving 
this point. Most surgeons who 
have used our grafts are high in 
their praise. 

It is, in the majority opinion, 
the first such graft to come close 
to the promises made for i:. 

It is, according toobservations 
and recent in vitro studies, 
relatively thromboresistant. And, 
when a thrombus forms, it is easy 
to de-clot. 

It is, according to theory but 
not yet confirmed by data, less 
likely to present embolism prob- 
lems later. (A thin, stable intima 
forms. Whether it's a neointima, 


pseudointima, or true endothelium 


is open to debate — but the thin- 
ness is the key to logic of 
the theory.) 

It is, in its reinforced form, 
much more resistent than other 
versions of expanded PTFE to 
aneurysmal dilatation. It has high 
radial or bursting strength and 
high suture-holding power. 

And it is easy to handle and 
use. Unlike woven cr knitted 
grafts, it will not ravel or 
fray. And it does not require 
pre-clotting. 

But is it, as we stated earlier, 
a viable alternative to the 
saphenous vein? 

Yes, if. 

Yes, if there is no vein 
available. 

Yes, if the vein is "borderline" 
either in size or condition. 

Yes, if the patient's condition 
is such that a prolonged exposure 
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to anaesthesia, or even to the delay 
in providing the vein, is critical. 

Yes, if there is the likelihood 
of cardiac surgery, for which the 
saphenous vein should be saved. 

Given those indications, the 
GORE-TEX graft is, indeed, a 
viable alternative to the saphenous 
vein. But unless those conditions 
exist, prudence and experience 
make the saphenous vein the graft 
of choice. 
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Arteriogram of a GORE-TEX polytetra- 
fluoroethylene graft during flexion of the knee. 


The problem 
of proof. 

As of September 25, 1978, 
there were approximately 
60,000 GORE-TEX vascular graft 
implants, with over 6,000 follow 
ups. The overall patency rate 
was 8796. 

Those data, sliced into what 
we hope are useful pieces, are 
presented in Table at left. 

A close look at the data will 
reveal one problem: average 
follow-up times. 

They're too short. 

The problem is two-fold. 

First, we are, of course, 
dependent on the voluntary coop- 
eration of surgeons for our follow- 
up data. And we know that if you 
were to provide all the data that 


all manufacturers wanted, you 
would have to spend all of your 
hours filling out follow-up forms. 
And, of course, even if you had the 
time, you can't keep up with all 
patients over a period of years. 
The second part of the 
problem is statistical. The use of 
GORE-TEX grafts is increasing so 
rapidly that we will, for a long 
time to come, have a far greater 
number of recent implants than 
of old ones. (For every GORE-TEX 
graft implant used three years ago, 
there are almost 100 used today. 
Our current reported rate-of-use is 
approximately 5,000 per month.) 
This necessarily skews our 
data average toward the more 
recent history. Which is also true 
for a life table method of data 
presentation. Even though the 
maximum experience reported in 
each category is in the two-to-three 
year range, the weighted averages 
are more like two-to-three months. 


On the last page of this 
advertisement, you'll find a bibli- 
ography of published experimen- 
tal and clinical reports on the use 
of GORE-TEX vascular grafts, and 
a coupon for your convenient use. 

One problem is that we know 
the list is not current. Additional 
papers are always being delivered, 
and published. If you would like 
us to keep you up-to-date as new 
reports appear, check the appro- 
priate box on the coupon. 

A more basic problem with 
these data, and ours, and all 
vascular statistics is the lack of 
uniformity in reporting. We're 
supporting efforts to establish 
some profession-wide protocols 
begun with a symposium at the 
1978 meeting of the American 
College of Surgeons. If you have 
any suggestions at all, we'd appre- 


ciate them. Just write to us. 





GORE-TEX’ 
vascular grafts, 
in brief. 


GORE-TEX vascular 


grafts are made of expanded, low- 


density polytetrafluoroethylene 
(PTFE), reinforced by a strong, 
fine lattice of the same material 
wound about the exterior. 
GORE-TEX vascular grafts 


are easy to handle, with excellent 


resistance to kinking. And they 
exhibit high suture-holding 
power. They are, of course, fully 
biocompatible and, unlike 
knitted or woven prostheses, do 
not require pre-clotting. 
GORE-TEX vascular grafts 


for vascular surgery are available 


in a wide range of diameters. 

See next page for free 
GORE-TEX graft test-pack and 
complete bibliography, available 
as reprints. 


Free test-pack, 
reprints. 


Submit the handling and 
suture-holding characteristics 
of GORE-TEX grafts to the most 
meaningful test equipment: your 
own hands. Our test kit, not 
intended for actual surgery, 
includes a short length of a 
GORE-TEX graft and a 6-0 
double-armed suture. Try it for 


yourself. Also, take your choice of 


reprints of any of the experi- 


mental, clinical, and engineering 


reports listed. 


Current bibliography. 

1. Nonvein Bypass in Below-Knee Reoperation 
for Lower Limb Ischemia Steven J. Burnham, 
M.D., D. Preston Flanigan, M.D., James J. 
Goodreau, M.D., James S. T. Yao, M.D., Ph.D., 
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Indications 
Contraindications. 


To sterilize: 
Grafts may be sterilized using steam, gas 
or flash autoclave techniques. Remove the 
graft from the PVC blister tray and 
repackage for sterilization. Do not place 
the package label in contact with the graft 
during sterilization. Do not place objects 
on the repackaged graft during steriliza- 
tion. (See Contraindication #5 6) 

Using steam, autoclave at or above these 
minimum requirements: 250° Fahrenheit 
(121° Centigrade) for 20 minutes at 15 p.s.i. 
Grafts should never be exposec to 
temperatures greater than 482° Fahrenheit 
(250° Centigrade). SENS 

Using a flash cycle, sterilize at or above 
these standard minimum requirements: 
270° Fahrenheit (132° Centigrade) for 
3 minutes at 30 p.s.i. Grafts should never 
be exposed to temperatures greater than 
4829 Fahrenheit (250° Centigrade). 

Using gas, sterilize according to 
equipment instructions. : 


Indications: Í | 

1. Use a 5-0 or 6-0 nonabsorbable suture 
with a cardiovascular needle for best 
results on graft diameters of 6mm or less. - 
Larger sutures may be used with larger 
diameter grafts. 

2. Intra-operative inspection of | 
anastomoses using irrigant solutions may 
result in serum leakage when blood flow 
is established in the graft. To prevent 
this, care must be taken not to generate 
syringe pressures sufficient to force 
irrigant sp i ce the graft walls. To do so 
will alter the hydrophobic (non-wetting) 
properties of GORE-TEX. (See Contra- 
indication #11) 

3. Trim grafts to desired length using 
sharp surgical instruments. Grafts should 
be handled with clean forceps or gloves. 
GORE-TEX grafts are not "elastic! There- 
fore, proper matching of lengths is 
essential. If the graft is cut too short, 
excessive stress may be placed on the 
sutures and the graft at the anastomosis. 
(See Contraindication #10) 

4. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are necessary, 
that needle puncture sites are spaced apart 
along the accessible sub-cutaneous length 
of the graft. Repeated needle puncture of 
the graft at the same site, or within the 
same immediate area, may cause me- 
chanical damage to the graft which could 
lead to hematoma, false aneurysm or true 
aneurysm. Patients should be carefully _ 
monitored to assure that this instruction 
is followed. 

Contraindications: 

1. Do not pre-clot the graft. 

2. Do not sterilize by irradiation 
techniques. | 

3. Grafts should never be exposed to 
temperatures exceeding 482 
Fahrenheit (250? Centigrade). 

4. Do not sterilize more than three times. 

5, During sterilization, do not place 
grafts under pu irs sharp objects 
which might crush the grafts. 

6. Do not attempt to sterilize the label 
attached to the PVC blister tray at 
high temperatures, as the materials 
(inks and adhesives) on the label may 
contaminate any objects in contact 
wan the label during the sterilization 
cycle. 

7. Do not handle grat with ungloved 
hands. It should be handled only with 

. clean instruments. 

8. Do not attempt to resterilize any 
unused graft orto which has been 
contaminated with blood or any other 
foreign material. 

. Do not use absorbable sutures. 

. Do not cut graft while holding under 

tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX 
graft is a composite structure consist- 
ing of an inner base tube and a thin 
outer layer which reinforces the base 
tube to prevent aneurysmal dilatation. 
Do not use any portion of a GORE-TEX 
graft which has damage to or separa- 
tion of the outer layer of the gratt. 

Should the outer reinforcing layer 
become frayed at the end of the graft, 
do not pull on or peel the outer layer 
from the base tube. Carefully trim off 
the portion of the graft where the outer 
layer is frayed. 

11. Do not force irrigating solutions 
through the graft wall. Doing so may 
result in serum leakage after bl 
flow is established. 

12. Do not place grafts in any fluid prior- 

. to use. Doing so may result in serum 
leakage after blood flow is established. 

13. Do not puncture the graft repeatedly 
at the same site, or within the same 
immediate area. (See Indication #4) |. 
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í Gastroesophageal Pundepheation for 


Reflux Following Repair of 


Esophageal Atresia 


Experience With Nine Patients 
Eric W. Fonkalsrud, MD 


® Esophageal dysmotility and gastroesophageal reflux (GER) 
are common sequelae that may persist for many years in infants 


and children who have undergone repair of esophageal atresia 


and tracheoesophageal fistula (TEF). The slow clearance of 
refluxed gastric contents appears to cause a high incidence of 


aspiration, a high incidence of esophageal anastomotic stricture 


or leak, and a slow response to dilation of esophageal anasto- 
motic strictures. Nissen transabdominal gastroesophageal 
fundoplication was performed in nine children (seven who were 
less than 4 months of age) subsequent to repair of esophageal 
atresia because of recurrent severe symptoms due to regurgita- 


. tion. On the basis of this favorable experience with nine infants 


and children, we believe that an aggressive surgical approach 
should be taken in the management of symptomatic GER in 
patients at a young age following repair of esophageal atresia 
and TEF who fail to respond to an adequate trial of medical 
treatment. 

(Arch Surg 114:48-51, 1979) 


ripped NA reflux (GER) has been identified with 
increasing frequency as the cause of a wide spectrum 
of symptoms in infants and children. Although the major- 
ity of these patients do not have associated malformations, 
GER appears to oceur more frequently and is more symp- 
tomatic in patients suffering from esophageal dysmotility 
and/or various forms of neurologic disease.' Children who 
have esophageal atresia, with or without tracheoesopha- 
geal fistula (TEF), have an overall survival rate exceeding 
70%. It has become apparent, however, that, whereas 
primary repair of esophageal atresia restores gastrointes- 
tinal continuity, it fails to provide normal esophageal 
function in most instances. Recent reports? ? have indicated 
that lower esophageal sphincter dysfunction and symptom- 
atic gastroesophageal reflux is a common occurrence in 
children with repaired esophageal atresia. The present 


report summarizes the experience at the University of 


California at Los Angeles Hospital with nine infants and 
children who had sufficiently severe GER after surgical 


repair of esophageal atresia to warrant Nissen gastro- 


esophageal fundoplication. 


SUBJECTS AND METHODS 
The diagnosis of symptomatic GER sufficient to require surgi- 
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eal repair was made in nine children less than 7 years of age who 
had undergone previous repair of esophageal atresia and TEF at 
the UCLA Hospital during the past three years. During this same 
period, ar additional five patients underwent surgical repair of 
esophagezl atresia without undergoing subsequent gastroesoph- 
ageal fundoplication. Five of the children were male and four were 
female (mean age at time of operation, 11 months, range, 5 weeks 
to 6.5 years). Seven infants were less than 4 months of age, the 
youngest of whom was a 5-week-old boy who experienced reflux 
after almost all gastrostomy feedings and suffered several 
episodes cf pulmonary aspiration. 

Prominent esophageal dysmotility, as evidenced by slow and 
uncoordinated swallowing of feedings and as demonstrated on 
cine-esoplFagram, was present in eight patients following repair of 
esophageal atresia and TEF as early as two 3 at following 
operation. Symptoms are listed as follows: 


No. of 

Patients 
Escphageal dysmotility 8 
Reaurrent pulmonary aspiration 8 
Escphageal stricture 6 
Regurgitation 5 
Pneumonia 4 
Dysphagia 2 


Similar »ut less pronounced dysmotility was noted as late as 6.5 
years subsequent to repair. Recurrent pulmonary aspiration was 
clearly identified in seven of the nine children, followed by 
pneumonis in four, three of whom had more than one pulmonary 
infection. )ne 6.5-year-old boy experienced 17 episodes of pulmo- 
nary infection that required frequent hospitalization, antibiotic 
therapy, aad limitation of physical activity before the cause of the 
pulmonary infection was identified (Fig 1). Asthmatie symptoms 
developed that were triggered by tiny amounts of aspiration, 
frequently while sleeping. Five patients experienced gross regur- 
gitation of a major portion of their oral or gastrostomy feedings. 
The two children older than 1 year evidenced mild dysphagia, in 
one case semming from documented esophagitis. 

Each of the nine patients underwent gastrostomy and right- 
sided transthoracic repair of the esophageal atresia and TEF 
within the first 48 hours after birth. Seven infants underwent 
concomitant esophageal anastomosis. Two premature infants, one 
with associated duodenal atresia, high imperforate anus, multicys- 
tic right k dney, and patent ductus arteriosis, underwent second- 
ary esophageal repair within six weeks, following suitable weight 
gain after gastrostomy feedings. Two patients.experienced a 
small anastomotic leak as shown by the esophagram taken nine 
days subsequent to repair. In each, small-volume gastrostomy 
feedings o formula were continued for an additional 1.5 weeks, 
after whica the leak was shown to have closed spontaneously on 
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Fig 1.—Recurrent pneumonia (17 episodes) in 6-year-old boy with 
esophageal! dysmotility and chronic gastroesophageal reflux 
following repair of esophagea! atresia and tracheoesophageal 
fistula in infancy (arrow). Asthma and bilateral lower lobe mild 
bronchiectasis developed. 


cine-esophagram. However, severe GER was also demonstrated in 
these cases. 


Diagnostic Studies 


Gastroesophageal reflux was demonstrated by a thin barium 
esophagram in each »f the nine patients, six within the first two 
weeks following repair of the esophageal atresia (Fig 2). In the 
three others, examination for reflux was not specifically 
performed on the initial esophagram and this resulted in a 
one-year delay in ciagnosis in one patient, and 6.5 years in 
another. Insertion of radiologic contrast into the gastrostomy (45 
ml or less) evidenced reflux in four infants (Fig 3). In three 
infants, insertion of 1 ml of d:lute methylene blue solution into 
the gastrostomy, together with 45 ml of clear liquid feeding, 
enabled observation of the blue contrast in the oral cavity within 
30 minutes. Aspiration of radiclogic esophageal contrast into the 
tracheobronchial tree was demonstrated in two infants. The two 
patients over 1 year of age showed a positive Tuttle test for acid 
reflux. This study was not performed in the seven youngest 
infants. The lower esophageal sphincter pressure (LESP) was less 
than 14 mm mercury in each of the two children older than 1 year 
of age who were tested; the normal LESP for infants and children 
in our hospital is 15 to 30 mm Hg.'^ Manometric studies were not 
performed in infants in order to minimize manipulation of the 
esophagus at the site of the anastomosis. Mild esophagitis was 
demonstrated by esephagoscopy in the one patient (6.5 years old) 
in whom this study was performed. 


Treatment 


Subsequent to diagnosis of GER without pyloric obstruction, 
each patient underwent a careful trial of medical treatment before 
the decision for operation was made. Those with duodenal atresia 
and imperforate anus underwent duodenojejunostomy and 
sigmoid colostomy at the time of repair of the esophageal anoma- 
ly. The infants under 4 months of age were placed in an upright 
position at approximately a 60° angle in an infant seat. Initial 
feedings of 30 to 45 ml of formula were placed into the gastrosto- 
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Fig 2.—Severe gastroesophageal reflux in 6-week-old girl follow- 
ing repair of tracheoesophageal fistula. Patient experienced 
repeated aspiration and pneumonitis during period after esoph- 
ageal repair. 


my tube every two hours within three days following repair of the 
esophageal atresia. When the esophagram showed no evidence of 
anastomotic leak, the feedings were gradually transferred to the 
oral route, but aspiration of the gastrostomy for residual contents 
prior to each feeding was continued. Although four infants were 
able to tolerate small frequent feedings without significant reflux 
during this regimen, when the transition was gradually made to 
four hourly feedings of 90 to 100 ml each in anticipation of hospital 
discharge, prominent reflux with aspiration recurred. In the two 
older infants who did not have gastrostomy tubes, the head of the 
bed was elevated at least 20.32 em and each was instructed not to 
be fed for at least two hours prior to bedtime. 

A transabdominal Nissen gastroesophageal fundoplication was 
performed under general anesthesia on each of the nine children.’ 
The short gastric vessels of the spleen were divided, permitting 
the spleen to retract into the left upper quadrant and thus, 
allowing adequate mobilization of the greater curvature of the 
stomach. Care was taken to preserve the major branches of the 
vagus nerves; the left gastric artery and adjacent vagal branches 
to the liver, as well as the branch to the celiac artery from the right 
vagus were preserved. A wrap-around measuring from 2.5 to 3.5 
cm was made according to the size of the patient. A large Kelly 
clamp was placed between the wrap-around and the esophagus 
during the repair to assure that the fundoplication was loose or 
"floppy." ^ Approximation of the crura posterior to the esophagus 
was not performed in any of the patients. Although the fundopli- 
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Fig 3.—Prompt reflux of radiologic contrast placed into stomach 
via gastrostomy tube, up to level of esophageal anastomosis, in 
5-week-old boy following repair of esophageal atresia and 
tracheoesophageal fistula. 


cation was placed around the intra-abdominal esophagus, no 
attempt was made specifically to increase the LESP. All of the 
patients underwent insertion of a Stamm tube gastrostomy, which 
was eventually removed within nine weeks (median, 4.5 weeks). 
Postoperative dilation for the esophageal stricture was performed 
in five patients, only two of whom required a second dilation. None 
required surgical closure of the gastrostomy wound. 


RESULTS 


No deaths or major complications occurred in any of the 
children. Results following gastroesophageal fundoplica- 
tion are as follows: 


No. of 

Patients 
Relief of reflux symptoms 9/9 
Relief of pulmonary symptoms 4/5 
Chronic cough persists 2/9 
Esophageal stricture required dilation 5/9 
Tracheomalacia 0/9 
Persistent reflux on esophagram 0/9 
Deaths or serious complications 0/9 
Wound infection 2/9 
Delayed gastric emptying 0/9 


Superficial transient wound infections developed in two 
infants, presumably related to the nearby gastrostomy 
tube. Delayed gastric emptying or dysphagia was not 
observed in any case. 

All of the patients were relieved of the reflux symptoms. 
Four of the five who had significant pulmonary infections 
suffered no recurrence of pneumonitis or bronchitis. In the 
6.5-year-old boy who had experienced 17 separate episodes 
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Fig 4.—Esophagram performed six weeks following Nissen fundo- 


plication i» 8-week-old boy who underwent repair of tracheo- 
esophageal fistula at age 36 hours. Note minimal narrowing of 
esophageal anastomosis. No esophageal dilation was used in this 
patient. 


of pneumonia prior to GER, symptoms of asthma devel- 
oped befcre operation and persisted, although much less 
severely after fundoplication. A chronic cough was present 
in only two patients who had reflux for over one year prior 
to repair. None of the seven who underwent repair during 
the first four months of life has experienced a chronic 
“barking eough” during the ensuing months. Tracheomala- 
cia was not observed and repeat esophagrams failed to 
show reflux in any of the patients (Fig 4) 


COMMENT 


Abnormal motor activity in the esophagus distal to the 
anastomosis in patients with repaired esophageal atresia 
has been noted for over two decades.' Cine-esophagrams 
have shown a characteristic lack of coordinated esophageal 
peristaltic wave, either throughout the entire esophagus, or 
beginning at the level of the anastomosis.*? Long-term 
evaluatior of patients who have esophageal atresia several 
years following repair has demonstrated varying degrees 
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moderate to severe GER in over half, as indicated by 
esophageal manometric studies and intraesophageal pH 
recordings.? Manometrie studies of the LES as well as those 
evaluating lower esophageal acid reflux were not 
performed on the seven infants who were under 4 months 
of age in the present study because of the technical 
difficulties of applying the standard instruments to such 
young infants. Although the limitations of the barium 
esophagram in documenting GER are known," reflux is 
particularly well demonstrated by radiologic techniques in 
patients younger than 6 months, as evidenced in the 
present study. 

The cause of GER, as well as esophageal dysmotility 
subsequent to repair cf esophageal atresia, is inadequately 
understood. Although vagal denervation of the esophagus 
or excessive mobilization (over 3 cm) of the distal esopha- 
gus at the time of repair has been suggested as possible 
causes of reflux, part:cular care was taken in each of our 
nine patients to avoid injury to the vagus nerves and to 
mobilize less than 2 cm of the distal esophagus. Children 
undergoing esophageal resection for benign stricture, in 
which segments of up to 3 cm in length are removed, have 
not experienced similar esophageal dysmotility or GER 
following repair. Moreover, circumferential esophageal 
myotomy of the upper esophageal pouch for the purpose of 
providing initial length for esophageal anastomosis in 
patients with esophageal atresia has not produced addi- 
tional esophageal dysmotility.’ 

As emphasized by Orringer et al,? GER in infants may be 
a more important faetor influencing the patient's subse- 
quent clinical course after repair of esophageal atresia 
than has been generally appreciated. Chrispin and asso- 
ciates" found radielogic GER in 12 of 14 children who had 
recurrent bouts of dysphagia and aspiration pneumonia 
subsequent to repair of esophageal atresia and TEF. 
Several authors have suggested that resistant esophageal 
anastomotic strictures and recurrent respiratory infections 
in these infants and children may be perpetuated by GER, 
but that they can be successfully treated by antireflux 
operations.'^'* 

Inasmuch as patients with repaired esophageal atresia 
characteristically evidence esophageal motility distur- 
bances, the combination of GER and impaired acid clearing 
not surprisingly appears to correlate well with the high 
incidence of pulmenary symptoms and esophageal anasto- 
motie stricture. Esophageal dysmotility and GER are not 
transient problems in most cases of esophageal atresia. 
Indeed, they tend to persist with varying degrees of 
symptoms into adulthood and therefore, a more aggressive 
approach in preventing reflux should be considered during 
the first few months of life. It has already been docu- 
mented that in infants with esophageal dysmotility due to 
primary neurologie disease, fundoplication at an early age 
is likely to reduce the incidence of pulmonary complications 
caused by aspiration. In this group of patients, esophageal 
anastomotic stricture rarely required dilation in the post- 
operative period following fundoplication. In our previous 
series of patients with esophageal atresia who underwent 
complete repair of the anomaly, an average of 3.2 postoper- 
ative dilations for stricture were performed. The “barking 
cough" that is characteristic in the majority of infants 


Arch Surg—Vol 114, Jan 1979 


. persists fer years was absent in the infants who underwent" ~ 


fundoplication when they were under 4 months of age. The 
less common tracheomalacia observed after repair of 
esophageal atresia, possibly also related to chronic reflux 
and aspiration, was not observed in any of the patients. 

On the »asis of the present clinical experience, it appears 
that gastrostomy feedings of formula in infants shortly 
following repair of esophageal atresia and TEF may not be 
as safe as previously believed, since volumes as small as 30 
ml of fluid placed into the stomach may frequently cause 
reflux to the upper part of the esophagus and stimulate 
inflammation at the site of the anastomosis. Bethanechol 
chloride administration may reduce the degree of regurgi- 
tation, but it would appear that, because reflux has been 
demonstrated to persist for years following esophageal 
atresia repair, chronic use of this medication would not be 
advisable. 

The transabdominal Nissen gastroesophageal fundopli- 
cation, performed after careful mobilization of the greater 
curvature of the stomach, provides relief of reflux in a high 
percentage of cases, with minimal risk of serious complica- 
tion. Transthoracic repair, or the addition of the Collis 
gastroplasty, seems to add risk to the procedure and 
fortunately has not been found necessary in any of our 
present patients. None of those who underwent fundopli- 
cation had sufficient esophageal shortening to interfere 
with mobilization of adequate length of intra-abdominal 
esophagus to permit construction of the wrap-around. 
Preserva-ion of the vagus nerves and their major branches 
to minimize postoperative gastric stasis appears to be a 
major feature of successful repair. 
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Preoperative Carcinoembryonic 


Antigen Levels in Colorectal Carcinoma 


Gary Slater, MD; Angelos E. Papatestas, MD; Arthur H. Aufses, Jr, MD 


€ The records of 145 patients with colorectal carcinoma who 
had preoperative carcinoembryonic antigen (CEA) levels 
measured were evaluated. Preoperative CEA levels were corre- 
lated with pathological stage and tumor locations. Increasing 
levels of CEA were found with advanced stage of disease. 
Metastatic tumors could be accurately predicted in large 
percentage of cases. Right-sided colon tumors had lower levels 
of CEA, compared to left-sided lesions. 

(Arch Surg 114:52-53, 1979) 


he measurement of carcinoembryonic antigen (CEA), 
originally described by Gold and Freedman' in 1965, 
has come to be an accepted part of the evaluation of 
patients with colorectal carcinoma. Although CEA assays 
have limited use in the screening of patients? for colorectal 
malignancies, they have wide applications in the treatment 
of patients with known colonic tumors. Holyoke et al* have 
reported that serial CEA level determinations are the most 
sensitive way of following up postoperative patients for 
recurrent disease. Preoperative levels have also been 
shown by Herrera et al* and others** to be correlated with 
stage, as well as prognosis. The anatomic location of colon 
tumors seems to have a bearing on the interpretation of 
CEA level determinations. Livingstone et al’ found that 
tumors of the right side of the colon have a much lower rate 
of abnormal CEA values than left-sided ones in both 
metastatie and curable lesions. Although these findings 
have been confirmed by Martin et al; a joint national 
study* did not show any difference in CEA level positivity 
with location. | 
We have reviewed the records of all patients who 
underwent surgery at The Mount Sinai Hospital, New 
York, for colorectal carcinoma in the past year. The 
purpose of this report is to correlate the preoperative CEA 
values with both the pathological stage and the location of 
the tumor. 


SUBJECTS AND METHODS 


The records of 215 patients operated on for newly diagnosed 
carcinomas of the colon or rectum within the past year were 
reviewed. Of this group, 145 patients had preoperative CEA levels 
obtained. Operative specimens were classified by a modified 
Dukes' method as follows: 
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A-—Limited to bowel wall (without serosal involvement) 
B—Beyond bowel wall (serosa or perirectal fat involved) 
C—Abnormal lymph nodes 

D—Metas:atic disease 


The locztion of the tumor was recorded as being in the right side 
of the colcn (including cecum), the left side of the colon (including 
sigmoid), or the rectum. Transverse colon lesions were not 
included, »ecause there were a limited number of patients in this 
category. ?reoperative CEA levels were determined by a standard 
radioimmane assay technique. Levels of CEA greater than 25 
ng/ml we-e arbitrarily assigned a value of 25.0. 


RESULTS 
C=A Level and Pathological Classification 


The percentage of patients with normal and elevated 
levels of SEA in each pathological stage is shown in Table 
1. Using 2.5 ng/ml as the upper limit of normal for CEA 
level determinations, 47% of all patients with known colon 
carcinoma had normal values. Using 5.0 ng/ml as the upper 
limit of normal, 538% of these patients had normal values of 
CEA. Except for stage D, a significant proportion of 
patients n each of the other stages had normal values of 
CEA. The results of CEA level determinations in stage B 
and C were quite similar. Sixty-three percent of patients 
with stage D lesions had CEA levels greater than 25 
ng/ml. 


CEA Level and Location of Tumor 


Carcincembryonic antigen levels for each of the differ- 
ent tumcr locations are given in Table 2. There was a 
significartly higher percentage of patients with abnormal 
levels of CEA (more than 2.5 ng/ml) in the left-sided colon 
group, compared to the right-sided colon group (x^ — 4.25, 
P < .05). The percentage of patients with normal values of 
CEA by stage and location is seen in Table 3. There was a 
significantly higher number of normal values of CEA in 
right-sided colon lesions, compared to left-sided colon 
lesions, ir stages A plus B (x? = 4.97, P < .05) and B plus C 
(x? = 5.6, P < .02), as well as between right-sided colon 
lesions and rectum in stage B (x? = 4.97, P < .05). The 
percentage of normal values in stage D was similar in all 
locations, and quite low. 


COMMENT 


We have found preoperative CEA levels to be a helpful 
laborator- test in patients with colorectal cancer. We have 
shown a definite correlation between increasing levels of 
CEA and increasing stage of disease (and concomitantly, 
with prognosis). Little difference was found, however, in 
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Table 1.—Preoperative Carcinoembryonic Antigen 
Values for Each Stage 


No. of Patients* 


ENNEEEEEEGS" .- PIU GM CI MEUM EE Ce 


Carcinoembryonic 
Dukes’ Antigen Level, ng/ml 
Classifi- 


cation Total 0-2.5 0-5.0 5.1-10.0 >10.0 >25.0 


A 22  17(77) 19(86)  1(5) 2 (9) 0 (0) 
B 57 ©3164) 38(67). 13(23) 6(11) 3(5) 
C 37 14(46) 26(70) 6(16) 5(14) 0(0) 
D 


30 4(13) 4(13)  2(7) 22(73) 19 (63) 


*Numbers in parentheses indicate percent of patients. 


Table 2.—Preoperative Carcinoembryonic Antigen 
Levels for Different Tumor Locations 


No. of Patients* 


Tr FHF 
Carcinoembryonic 
Antigen Level, ng/ml 


Location Total 0-2.5 0-5.0 
Right side 
of the 
colon 
Left side 
of the 
colon 42 


Rectum 59 


5.1-10.0 —10.0 >25.0 


37  21(57) 22(59) 5(14) 10(27) 8(22) 


14 (33) 
31 (53) 


19 (45) 
41 (69) 


10 (24) 
7 (12) 


13 (31) 
11 (19) 


7 (17) 
6 (10) 


*Numbers in parentheses indicate percent of patients. 


. Table 3.—Percent of Patients With Normal 
Carcinoembrvonic Antigen (CEA) Values by Stage 
(CEA = 2.5) and Location of Tumor 


% of Patients * 


— 
A B C D 


Right side of the colon 100 (3) 


Left side of the colen 
or sigmoid 


Rectum 


Location of Tumor 


79(14)  60(10)  10(10) 


50 (2) 
75 (18) 


48 (21) 
40 (20) 


20 (10) 
64 (14) 


11 (9) 
22 (9) 


*Numbers in parentheses indicate actual number of patients in each 
group. 


the CEA levels between patients with stage B and stage C 
disease, although the latter group have a far worse prog- 
nosis. This is probably due to the fact that higher CEA 
values are usually associated with more differentiated 
tumors or distant metastasis," rather than nodal metasta- 
sis. Stage D lesions could be predicted quite accurately on 
the basis of high precperative CEA levels. The majority of 
patients with stage D lesions had CEA levels over 25 
ng/ml. The large rumber of normal values in patients with 
colon cancer recon'irms' the fact that this test is of limited 
value as a screening procedure. 

We have confirmed other reports'* showing lower levels 
of CEA in right-sided colon lesions, compared to left-sided 
lesions. In addition, we have found this trend of lower CEA 
levels in right-sided lesions to be true for each pathological 
stage, exeept for stage D. The anatomic location of the 
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tumor must, therefore, be considered in interpreting a 
partieular CEA value. Normal values are less reassuring in 
right-sided lesions. It is doubtful that lower levels of CEA 
for right-sided tumors implies a better prognosis for this 
group. Many large clinieal series of patients with colon 
carcinoma have not shown that right-sided tumors have a 
more favorable prognosis than left-sided ones.'^" 

Preoperative CEA levels show a good correlation with 
stage and location of disease in colon cancer and are 
accurate predietors of metastatie disease. Unfortunately, 
they cannot discriminate between the large group of cases 
that fall into the advanced but potentially curable group 
(stages B and C). We hope to accumulate further follow-up 
data in this group of patients to determine how accurate 
CEA levels are in predicting survival. 


This study was supported in part by Public Health Service contract 
NO1-CM-67096 from the National Cancer Institute. 
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Editorial Comment 


We are still trying to determine whether or not CEA has a true 
clinical use. It is generally thought that if there is such a use, it will 


be in evaluating patients with colonic and/or rectal cancer. 


To analyze our experience with the CEA assay, one of the first 
points of departure is the determination of a relationship between 
disease extent and assay result. This is true for any factor we wish 
to measure. These authors show that there is a relationship 
between Dukes' stage and CEA value. It would have been more 
useful with more data, in our opinion, to use a B1, B2, Cl, and C2 
designation to obtain more data. But perhaps one major conclusion 
to be drawn from studying this article is that, for a disease like 
colon cancer, a very large number of initial parametrie data points 
are necessary to analyze that factor with regard to extent of 
disease, as we proceed to aceurately subdivide the extent of 
disease present into eight to ten classes of extent. More than 600 
values would be useful for this comparison. 

EDWARD DouGLAS HOLYOKE, MD 


Buffalo 
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Surgical Diagnosis of 


Mediastinal Lymphoma of Childhood 


Jack S. Elder, MD, Robert J. Touloukian, MD 


è Lymphoma was found in 40 of 72 children with a mediastinal 
mass who had had an intrathoracic or extrathoracic biopsy or 
excision of the tumor performed at the Yale-New Haven (Conn) 
Medical Center between 1964 and 1977. The lymphomas were 
typically located in the anterior or middle compartment in 
children 2 years of age or older, and they were usually accom- 
panied by fever, nocturnal sweating, weight loss, or pruritus. 
Thirty (7596) of the children with lymphoma had enlarged supra- 
clavicular or cervical lymph nodes available for biopsy, whereas 
the other ten without palpable lymphadenopathy required a 
limited anterior thoracotomy to obtain tissue for diagnosis. 
Careful preoperative selection makes extensive thoracotomy or 
attempts at excision of mediastinal lymphoma unnecessary. The 
findings in this retrospective study also emphasize the preva- 
lence of lymphoma among mediastinal tumors seen in children 
older than 2 years of age. 

(Arch Surg 114:54-58, 1979) 


NI ur masses in infants and children are relative- 
ly common. Over the past 30 years, various centers 
have reported duplication cyst,” thymoma,’ teratoma*? or 
neuroblastoma*-* to be the most common mediastinal mass 
of childhood, whereas neurogenic tumors generally have 
been noted to be the most common class of mediastinal 
tumor.” Recent experience at the Yale-New Haven (Conn) 


Accepted for publication Aug 28, 1978. 

From the Section of Pediatric Surgery, Yale University School of 
Medicine, and the Yale-New Haven Hospital, New Haven, Conn. Dr Elder is 
now with the Department of Urology, Johns Hopkins University School of 
Medicine, Baltimore. 

Reprint requests to Section of Pediatric Surgery, 333 Cedar St, Yale 
University School of Medicine, New Haven, CT 06510 (Dr Touloukian). 


54 Arch Surg—Vol 114, Jan 1979 


Medical Center has suggested that the type and incidence 
of mediastinal tumors actually varies with their location 
and the age of the patient, and that appropriate preopera- 
tive evaluation will determine whether a biopsy or excision 
should be attempted. 


CLINICAL DATA 


A retrospective study of 36 male and 36 female patients between 
2 days and 18 years of age treated for a mediastinal mass at the 
Yale-New Haven Medical Center between 1964 and 1977 was 
undertakem to determine our clinical experience with this prob- 
lem. 

The diagnosis of observed mediastinal tumors was classified by 
age group. Thirteen patients (18% of the total) were younger than 
2 years of age and had a high incidence of neurogenic tumors in 
the poster or mediastinum (Fig 1). Twenty-five patients (35%) 
were between 2 and 12 years of age (Fig 2). Anterior tumors were 
much more common in this group, and lymphomas made up more 
than half 5f the lesions seen in both the anterior and middle 
compartments. The remaining 34 patients (47%) were between 12 
and 18 yezrs old (Fig 3). The diagnosis of either Hodgkin's or 
non-Hodgkin's lymphoma was made in 28 of 31 tumors of the 
anterior ard middle mediastinum. 

Of 84 patients with lymphomas, 28 of the 56 patients with 
Hodgkin's lisease treated at the Yale-New Haven Medical Center 
between 1964 and 1977 had a mediastinal tumor at the time of 
diagnosis, ncluding four patients with stage I, 18 with stage II, 
three with stage III, and three with stage IV disease (Table 1). 
Eight addi-ional patients had substantial widening of the medias- 
tinum, which was considered to be highly suggestive of mediasti- 
nal lymphcama. Thus, 63% of the patients with Hodgkin's disease 
had presuraptive evidence of mediastinal involvement. Mediasti- 
nal disease subsequently developed in an additional five patients 
(9%). Similarly, nearly half of the 28 patients with non-Hodgkin's 
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Fig 1.—Locations and types of mediastinal tumors in 13 children who were from 2 days to 2 years old. 
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Fig 2.—Locations and types of mediastinal tumors in 25 persons who were from 2 to 12 years old. 
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Fig 3.—Locations and types of tumors in 34 persons whc were from 12 to 18 years old. 


Table 1.—Clinical Staging of Mediastinal Hodgkin's 





Table 2.—Symptoms Accompanying 


Mediastinal Tumors (N = 72) in Childhood 
Benign Tumors Malignant Tumors 
Symptoms in 11 of 20 Symptoms in 34 of 52 

Patients (58%)* Patients (65%)* 
Cough (3) Cough (12) 
Dyspnea (3) Dyspnea (5) 
Anorexia (3) Anorexia (5) 

Fever (4) Fever (9)t 
Chest pain (7) 
Back pain (3) 
Weight loss (6) 


Chest pain (1) 
Back pain (2) 
Weight loss (1) 
Hoarseness (1) Fatigue (7)t 


Respiratory arrest (1) Night sweating (4)7 
Respiratory arrest (2) 
Dysphagia (3)7 
Dizziness (1) 
Hoarseness (1) 
Failure to thrive (1)7 


Pruritis (3)T 





Table 3.—Positive Physical Findings of 
Mediastinal Tumors (N — 72) in Childhood 


Benign Tumors 
Positive Findings in 8 of 20 


Malignant Tumors 
Positive Findings in 39 
Patients (42%)* of 52 Patients (7596)* 


Tachyprea (4) Tachypnea (7) 
Pulmonery consolidation (3) Pulmonary consolidation (6) 
Cyanosis (1) Cervical adenopathy (14) 
Neck mass (1) Supraclavicular adenopathy (11) 
Hepatomegaly (7)t 
Splenomegaly (4)t 
Tracheal deviation (4) 
Suprasternal mass (2) 
Wheezing (2) 
Cyanosis (2) 
Horner's syndrome (2)t 
Superior vena cava syndrome 
COT 
Unilateral vocal 
cord paralysis (1)7 


Kyphoscoliosis (1) 
Trachea: deviation (1) 
Café au lait spots (1) 


*Some patients had more than one symptom. 
TPatients with lymphoma. 


*Some patients had more than one finding. 
TPatients with lymphoma. 
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lymphoma initially nad a mediastinal tumor. Of the remaining 
eight patients with non-Hodgkin’s lymphoma, one patient (4%) 
had “widening” of the mediastinum, and in two patients (7%) 
mediastinal disease developed subsequently. 

In a one-month to 13-year follow-up, 22 of 28 patients with 
mediastinal Hodgkin’s disease are alive, while only three of 12 
with non-Hodgkin’s mediastinal lymphoma have survived. The 
patients with mediastinal Hodgkin's disease have a 79% (11 of 14) 
five-year survival rate as compared with 78% (25 of 32) for the 
entire Hodgkin’s population. Presence or absence of symptoms at 
the time of diagnosis was found to bear no relationship to 
survival. 


RESULTS 
Signs and Symptoms 


Fifty-eight percen: of patients with benign tumors and 
65% of patients with malignant tumors were symptomatic 
(Table 2). Fever, prolonged cough, dyspnea, anorexia, and 
chest or back pain were common to both groups, whereas 
patients having a malignant tumor experienced more 
ominous symptoms of weight loss, fatigue, night sweating, 
dysphagia, and pruritus. Respiratory arrest occurred in 
three patients, including one with endocardial fibroelasto- 
sis and two with lymphoma. 

Forty-two percent of patients with benign lesions and 
75% of those with malignant neoplasms had objective 
physical findings (Table 3). Respiratory signs were ?ound 
in both groups, but patients with malignant tumors often 
had cervical adenopathy and hepatic or splenic enlarge- 
ment or both. Horner’s syndrome was found in a 16- 
year-old girl with non-Hodgkin’s lymphoma and in an 
infant with neuroblastoma. A 17-year-old girl with a 
malignant thymoma had superior vena cava syndrome. 


DIAGNOSIS 


Routine posteroanterior and lateral roentgenograms 
provided accurate localization of the lesion to the anterior, 
middle, or posterior mediastinum. Noninvasive testing, 
including tomograpky, fluoroscopy, or ultrasonography, 
was done for most patients and helped to provide the 
correct preoperative diagnosis. Tomography showed 
evidence of extension of the mass into another compart- 
ment in four patients, erosion of a vertebral foramen in 
two patients, and caleification suggestive of a teratoma or 
neurogenic tumor in four others. Fluoroscopy helped to 
determine whether the mass moved with deglutition, 
which indicates contiguity with the superior esophagus; or 
whether the mass was pulsatile, thus indicating a cardio- 
vascular anomaly. Ultrasonography was used in selected 
patients to determine whether the lesion was solid or cystic 
and, thus, was helpful in distinguishing benign from 
malignant tumors. Although we have not had experience 
with computerized tomography, early reports suggest that 
it can be a useful diagnostic tool.» 

In 30 patients with stage II or a more advanced stage of 
Hodgkin's or non-Hodgkin's lymphoma, tissue diagnosis 
was achieved by biopsy of either a cervical (18 patients) or 
supraclavieular lymph node (11 patients) or mass (1 
patient), whereas ten patients underwent an anterior 
thoraeotomy of the Chamberlain type' for a mediastinal 
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biopsy of lymphoma. Thirty additional patients with 
tumors other than lymphoma underwent lateral thoracoto- 
my with excision or partial excision of the lesion. Median 
sternotomy was performed in three patients, including a 
newborn with an intrapericardial teratoma, a 9-year-old 
boy with lymphangioma, and a 17-year-old adolescent with 
lymphoma whose entire tumor was removed. 

Mediastinal biopsy or thoracotomy involved only mini- 
mal risk, as there were no major postoperative complica- 
tions or deaths. Drainage tubes, when needed, were 
removed within 24 hours, and lung injuries were not 
encountered. Routine postoperative care included pulmo- 
nary therapy with the use of an inspirometer, and intrave- 
nous fluids for 24 hours. Antibiotics were not administered 
routinely. 


COMMENT 


One of the most surprising findings in this study was 
that Hodgkin's and non-Hodgkin's lymphomas were the 
most common mediastinal tumors of childhood and 
accounted for 77% of all anterior compartment masses. An 
explanation for this high number is that some series may 
have excluded cases of advanced lymphoma in which the 
diagnosis was made by cervical lymph node biopsy instead 
of mediastinal biopsy.'*^* Another explanation is that 
there is an increasing trend for referral of patients with 
this type of tumor to a regional center. For example, in the 
series reported by Bower and Kiesewetter,’ in 11 of 93 
patients, the diagnosis of lymphoma was based on a biopsy 
specimen of a mediastinal mass. These authors, however, 
do not discuss how many other patients had mediastinal 
lymphoma, in whom the diagnosis was made by extratho- 
racic biopsy. Another important fact uncovered in our 
study was that more than half of all patients with lympho- 
ma had either.a mediastinal- mass or widening of the 
mediastinum, which is highly suggestive of tumor at the 
time of the initial clinical examination. These data contrast 
with series that record the percentage of mediastinal 
involvement in childhood Hodgkin’s disease to be from 28% 
to 65%'™= and in non-Hodgkin's lymphoma to be as low as 
3356. 

The roentgenographie appearance of a mediastinal 
lymphoma varies. A typical large tumor in the anterior 
compartment is globular and may have a scalloped border, 
which suggests a large number of matted nodes. Smaller 
lesions eause "widening" of the mediastinum. These 
tumors usually can be distinguished from thymic hyperpla- 
sia, which characteristically shows a "saillike" shadow that 
may extend to the diaphragm. Teratomas very often have 
an asymmetrical appearance with enlargement to the left 
more commonly than to the right. Calcification is often 
present either peripherally in the cyst wall or as chunky 
and granular calcific deposits within the lesion. Broncho- 
genic cysts may be found anywhere adjacent to the trachea 
or major bronchi but usually are located at the carina. They 
are often intimately connected to the airway and are 
molded by the surrounding structures. 

Lymphomas of the mediastinum are often described as 
occurring in the middle mediastinum and involve the 
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paratracheal and subearinal lymph nodes. Tomography 
has been helpful in assessing the extent of spread. Thirty- 
four of the 40 patients with lymphoma in our series had 
retrosternal lymph node involvement, whereas only six had 
a middle mediastinal mass. 

Although some authors believe that excision of a small or 
easily resectable stage I Hodgkin's tumor is appro- 
priate,'?:9*'' it has not been shown that this increases 
survival. In fact, 22% to 30% of such patients have unsus- 
pected abdominal disease that is subsequently diagnosed 
by staging laparotomy.: Thirty of our 40 patients had a 
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cervical or supraclavicular lymph node or mass available 
for a bioosy to be done. Thoracotomy was required to 
establish the diagnosis in the other ten patients. When 
lymphomz is strongly suspected in a patient without 
lymphadenopathy, a modified Chamberlain procedure" or 
limited anterior thoracotomy provides sufficient access to 
the medizstinum for a biopsy to be done. The diagnosis 
must be made without delay in children with stridor 
because cf the imminent danger of respiratory obstruc- 
tion. 
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property...of being inactivated by only the empiric agent of choice for patients 
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cillin or ticarcillin in patients 
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In-vitro superiority 
against today’s 


ram-negative 
hospital pathogens’ 





Against 409 bacterial isolates, Amikin® 
(amikacin sulfate) activity was compared 
to leading injectable antibiotics. None of 

these agents inhibited as high a percentage 
of strains as did Amikin. 


Susceptibility determined by the agar dilution test 
method, data on file, Bristol Laboratories. *Caution, in 
vitro data cannot be directly correlated to clinical 
effectiveness. 


AMIK ACIN 
GENTAMICIN 


Least inactivated 
in combination 


When carbenicillin or ticarcill.n is 

combined in vitro with ordinary 
aminoglycosides, a significant reduction in 
aminoglycoside activity may oczur. 

Virtually unaffected in the presencs of 
ticarcillin, Amikin is also minimally 
compromised by carbenicillin...while other 
aminoglycosides may lose up to 50% of their 
activity. 


Adapted from Holt HA, Broughall JM, McCarthy M, et 
al: Interactions between aminoglycoside antibiotics 
and carbenicillin or ticarcillin, /nfeetion 

4(2):107-109, 1376. 

* Caution, in vitro data cannot be directly 

correlated to clinical effectiver ess. 
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COMPARISON OF OTO- AND NEPHROTOXICITY 
IN ONE STUDY AS DETECTED BY AUDIOMETRIC 
& RENAL FUNCTION MONITORING 





Well tolerated 


As with other aminoglycosides, 
adverse auditory and renal reac- 
tions may occur at higher doses, 
reversible in some instances. But, 
in a study comparing the o:o- and 
nephrotoxicity of amikacin and 
gentamicin among 53 monitored 
patients, Amikin demonstrated a 
significantly reduced side effects 
risk. (Other published studies 
have shown little or no differences 
in toxicity). 

Special Note: In Amikin clinical trials, hearing 
loss was rarely clinical and usually an audiogram 
was needed to identify such a loss. Adverse 
renal reactions due to Amikin usually consisted 


of elevations of serum creatinine and/or BUN, 
which were usually reversible. 





Adapted from Lerner SA, Seligsohn R, and 


AMIKIN GENTAMICIN Matz GJ. Comparative clinical studies of 


TREATED TREATED ototoxicity and nephrotoxicity of amikacin 
PATIENTS PATIENTS and gentamicin. Am J Med (special issue): 
(27) (26) 113-117, June 1977. 
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. Important hospital antibiotic. 
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PRESCRIBING INFORMATION 
AMIKIN®(amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: 

Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and 
nephrotoxicity associated with their use. 

Ototoxicity, both auditory and vestib- 
ular, can occur in patients treated at 
higher doses or for periods longer than 
those recommended. The risk of amikacin- 
induced ototoxicity is greater in patients 
with renal damage. High frequency deaf- 
ness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in 
infants is not known. Until more safety 
reports become available, amikacin 
should be used in infants only in those 
specific circumstances when suscepti- 
bility testing indicates that other amino- 
glycosides cannot be used or are 
otherwise contraindicated, and when the 
infant can be observed closely for 
evidence of toxicity. 

Aminoglycosides are potentially nephro- 
toxic. Renal and eighth-nerve function 
should be closely monitored in patients 
with known or suspected renal impairment 
and also in those whose renal function is 
initially normal but who develop signs of 
renal dysfunction during therapy. 
Evidence of impairment in renal, vestib- 
ular or auditory function requires discon- 
tinuation of the drug or dosage adjustment. 

Serum concentrations should be 
monitored when feasible, and prolonged 
concentrations above 35 mcg./ml. should 
be avoided. Urine should be examined 
for increased excretion of protein, cells 
and casts. 

Concurrent and/or sequential use of 
topically or systemically neurotoxic or 
nephrotoxic antibiotics should be avoided. 

Amikin should not be given concur- 
rently with potent diuretics. 

Usage in Pregnancy: Amikin should be 
used in pregnant women only when 
clearly needed. 


Indications: 
Serious infections due to susceptible strains 
of Gram-negative bacteria including pseu- 
domonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
klebsiella-enterobacter-serratia sp., and 
acinetobacter sp. Culture and sensitivity 
studies should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia 
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AMIKACIN SU LFATE 
Probably today's most important hospital antibiotic. 
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(including neonatal sepsis); in serious infec- 
tions of the respiratory tract, bones and joints, 
central nervous system (including meningitis) 
and skin and soft-tissue; intra-abdorrinal 
infections (including peritonitis); anc in 
burns and post-operative infections tinclud- 
ing post-vascular surgery). Clinical sudies 
have shown Amikin (amikacin sulfate ) also to 
be effective in serious complicated end re- 
current urinary tract infections due to these 
organisms. Aminoglycosides, including 
Amikin injectable, are not indicated m un- 
complicated initial episodes of urinary tract 
infections unless the causative orgamisms 
are not susceptible to antibiotics hawng less 


potential toxicity. 


Bacteriologic studies should be performed 
to identify causative organisms and fneir 
susceptibilities to amikacin. Amikin may be 
considered as initial therapy in suspected 
Gram-negative infections and therapy may 
be instituted before obtaining the results of 
susceptibility testing. Clinical trials d2mon- 
strated that Amikin was effective in iafections 
caused by gentamicin and/or tobramycin 
resistant strains of Gram-negative organisms, 
particularly Proteus rettgeri, Providencia 
stuartii, Serratia marcescens and Pseudo- 
monas aeruginosa. The decision to continue 
therapy with the drug should be based on 
results of the susceptibility tests, the severity 
of the infection, the response of the »atient 
and the important additional considerations 
contained in the "Warning box above. 

Amikin has also been shown to be 2ffective 
in staphylococcal infections and may be 
considered as initial therapy under certain 
conditions in the treatment of known or 
suspected staphylococcal disease such as, 
severe infections where the causative organ- 
ism may be either a Gram-negative bacterium 
or a staphylococcus, infections due t5 
susceptible strains of staphylococci m 
patients allergic to other antibiotics, and in 
mixed staphylococcal/Gram-negative 
infections. 

Amikacin may be indicated in the t eatment 
of neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides cannot 
be used. In certain severe infections such as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicatec be- 
cause of the possibility of infections due to 
Gram-positive organisms such as strepto- 
cocci or pneumococci. 


Contraindications: 
A history of hypersensitivity to amikacin. 


Warnings: 
See “Warning” box above. 


Precautions: | , 
Amikin is potentially nephrotoxic, otctoxic, 
and neurotoxic. The concurrent or serial use 
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of other ototoxic or nephrotoxic agents should 
be avoided either systemically or topically 
because of the potential for additive effects. 
Such agents include antibacterial drugs such 
as kanamycin, gentamicin, tobramycin, 
neomycin, streptomycin, cephaloridine, 
paromomycin, viomycin, polymycin B, colistin 
and vancomycin as well as certain diuretic 
agents such as ethacrynic acid or furosemide. 


Adverse Reactions: 
Ototoxicity —See "Warning" box. 
Nephrotoxicity —Albuminuria, presence of 
red and white cells, casts, azotemia and 
oliguria have been reported. 
Other— Skin rash, drug fever, headache, 
paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 


Dosage and Administration: 

The usual I.M. or I.V. dose with normal renal 
function is 15 mg./Kg./day divided into 2 or 
3 equal doses administered at equally- 
divided intervals. For the heavier individual 
(greater than 100 Kg.), the total daily dose 
should not exceed 1.5 Gms. per day. 

When amikacin is indicated in newborns 
(see box "Warning ), it is recommended that 
a loading dose of 10 mg./Kg. be admin- 
istered initially to be followed with 7.5 mg./ 
Kg. every 12 hours. 

The usual duration of treatment is 7 to 10 
days. The total daily dose by all routes of 
administration should not exceed 15 mg./ 
Kg./day for the average-weight person. In the 
unusual circumstances where treatment be- 
yond 10 days is considered, the use of Amikin 
should be reevaluatéd and, if continued, 
renal and auditory functions should be 
monitored daily. 

For patients with impaired renal function, 
whenever possible, serum amikacin concen- 
trations should be monitored by appropriate 
assay procedures. Doses may be adjusted in 
patients with impaired renal function either 
by administering normal doses at prolonged 
intervals or by administering reduced doses 
at a fixed interval. 

The solution for intravenous use is pre- 
pared by adding the contents of a 500 mg. 
vial to 200 ml. of sterile diluent such as 
Normal Saline or 595 Dextrose in Water or 
any other compatible solution. 

The solution is administered over a 30- to 
60-minute period. 


Supplied: 

Rubber-capped vials as a ready-to-use 
sterile aqueous solution: 100-mg., 500-mg., 
and 1.0-Gm. vials. 
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Prosthetie Aortie Valves 


Indications for and Results of Reoperation 


Richard J. Shemin, MD; Vincent A. Guadiani, MD; David M. Conkle, MD; Andrew G. Morrow, MD 


è During a 15-year period from January 1962 through Decem- 
ber 1976, 42 patients who had undergone a previous aortic valve 
replacement underwent reoperation. The mean interval between 
operations was 4.4 years. The indications for reoperation were 
aortic regurgitation resulting from mechanical malfunction (12 
patients), ball variance (15 patients), perivalvular leaks (five 
patients), prosthetic stenosis (eight patients), anemia (one 
patient), and recurrent emboli (one patient). The indications 
were characteristic of a specific valve series. The most common 
reoperation was aortic valve replacement (29/42), which had a 
10.3% operative mortality. Poppet change (10/42) carried a 10% 
operative mortality and no operative deaths followed suture 
closure of perivalvular leaks. Eighty-eight percent of patients 
alive six months after reoperation were New York Heart Associa- 
tion functional class 1 or 2. At last follow-up, 95% of surviving 
patients were still functional class 1 or 2, with a mean cumulative 
survival of 4.7 years after reoperation. This experience demon- 
strates that those patients surviving long enough to undergo 
reoperation can expect a reasonable operative risk, long-term 
survival, and excellent clinical improvement. 

(Arch Surg 114:63-65, 1979) 


n 1962, Dwight Earken and associates' outlined their 
I criteria for an optimal prosthetic heart valve: it should 
have lasting physical geometric features and be capable of 
permanent fixation in the normal anatomic site; it should 
be chemically inert, nonthrombogenic, harmless to blood 
elements, and must not annoy the patient; and it must open 
and close promptly during the appropriate phase of the 
cardiac eycle and should offer no resistance to physiologic 


Accepted for publication Sept 1, 1978. 

From the Surgery Branch, National Heart, Lung, and Blood Institute, 
National Institutes of Health, Bethesda, Md. Dr Shemin is presently with 
the Department of Surgery, Peter Bent Brighma Hospital, Boston. 

Reprint requests to Bldg 10, Room 6N-252, National Institutes of Health, 
Bethesda, MD 20014 (Dr Shemin). 


Arch Surg—Vol 114, Jan 1979 


blood flow. These criteria have not yet been achieved in 
any prosthetic heart valve. Thromboembolism, prosthetic 
dysfunction, complications of anticoagulation, infection, 
anemia, and technical complications have compromised the 
benefit patients could derive from a valve replacement. 

Many malfunctions occur suddenly, resulting in rapid 
hemodynamic decompensation and death before medical or 
surgical treatment can be instituted. However, a signifi- 
cant number of patients survive long enough to undergo 
replacement of their prostheses. 

Since patients are surviving longer after valve replace- 
ment and increasing numbers of children are undergoing 
valve replacement, it is anticipated that the frequency of 
reoperation will increase in the future. Isolated reports 
have appeared concerning the results of prosthetic replace- 
ment for specific indications.** However, to our knowledge 
there has not been a comprehensive review of late func- 
tional status or actuarial analysis of survival of these 
patients. This report reviews the experience of the Nation- 
al Heart Institute with patients who required reoperation 


for complications occurring after an earlier aortic valve - 


replacement. 


PATIENT POPULATION 


From January 1962 through December 1976, there were 42 
patients who had undergone a previous aortic valve replacement 
who underwent reoperation. This group consisted of 34 men and 
eight women. The average age was 45.6 years at the time of 
reoperation. The average interval between the initial aortic valve 
replacement and reoperation was 4.4 years. 


RESULTS 


The primary indications for reoperation were as follows: 
ball variance (15 patients); mechanical malfunction of the 
prosthesis resulting in aortic regurgitation (12 patients): 
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Primary Indication for Reoperation* 
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*PVL indicates perivalvular leak; A, anemia; BV, ball variance; Emb, emboli; AS, acquired aortic stenosis; MF/AR, mechanical malfunction with aortic 


regurgitation; and AVR, aortic valve replacement. 


* 








Table 2.—Operative Mortality, Second Operation 
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Deaths Operative Actuarial 
No. of < 30 Mortality, Survival, 
Operation Patients Days 96 

















Aortic valve 
replacement 29 10.3 5 


3 

Poppet change 1 10.0 33 
3 

5 Ld 







3 
0 1 
Closure of peri- 
ventricular 
leak 3 0 
2 4 


0 3 
Total 4 9 i 


prosthetie valvular stenosis resulting from fibrous growth 
into the primary valve orifice (eight patients); chronic 
hemolysis with resulting anemia refractory to medical 
therapy (one patient); recurrent emboli (one patient); and 
perivalvular leaks (five patients). 

Table 1 lists each valve model with the specific indication 
for reoperation and the procedure performed for each 
complication. Two of the five patients who underwent 
reoperation for perivalvular leak required replacement of 
the original prosthesis. Five of the 15 patients with ball 
variance underwent re-replacement of their prosthesis; the 
remainder underwent poppet change. All other complica- 
tions required valve re-replacement. 

The operative mortality (Table 2) for aortic valve re- 
replacement was 10.3%; for poppet change, 10%; and suture 
closure of perivalvular leaks had no operative deaths. The 
actuarial survival curves for these three groups of patients 
(Fig 1) demonstrate that 33% of the patients who under- 
went a poppet change or closure of a perivalvular leak were 
alive after five years. The five-year survival for aortic 
valve re-replacement was 5396. The operative mortality and 
survival curves of the reoperative group was compared to a 
group of 191 patients undergoing isolated aortic valve 
replacement at the National Heart Institute from 1963 to 
1971. The operative mortality for the isolated aortic valve 
replacement group was 13%, and 10% for the reoperative 
group (P — .5). The actuarial five-year survival after initial 
aortic valve replacement was 67%, compared with 53% in 
the reoperative group. 
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Fig 1.—Actuarial survival curves for each type of reoperation 
(AVR indicates aortic valve replacement). 
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Fig 2.—Functional class (FC) of 42 patients undergoing aortic 
valve reoperation. 
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Clinically, at the six-month postreoperation follow-up, 30 
of the 34 patients who were still alive (88%) were in the 
functional class 1 or 2 category. This degree of clinical 
improvement has eontinued. At last follow-up in 1976, of 
the 20 patients who were alive, 19 (95%) were in the 
functional class 1 cr 2, with a mean cumulative survival of 
4.7 years since reoperation (Fig 2). 


COMMENT 


The frequency ef reoperation after valve replacement 
will increase in the future. The major factors contributing 
to the increasing frequency are improved late survival, lack 
of the “ideal” prosthetic valve, and the increasing numbers 
of children undergoing valve replacement. Freidman et al’ 
have reported on a series of three children who underwent 
mitral valve re-replacement approximately eight years 
after the initial operation. Thus, in addition to the evalua- 
tion of prosthetic valvular complications and durability, 
one must clearly identify the risks of reoperation, with 
projected surviva. and the degree of expected clinical 
improvement. 

The indications for reoperation in the present patients 
were related to the types of values implanted. All ten 
patients with Bahnson or Muller Teflon leaflet valves 
required reoperation for aortic regurgitation secondary to 
leaflet disruption. Two patients with Magovern valves 
required reoperation because of aortic regurgitation 
secondary to inadequate fixation to the valve annulus. All 
15 patients with Starr-Edwards 1000 series valves with 
Silastic poppets who underwent reoperation had ball vari- 
ance. The major advance in prosthetic design, to combat 
the problem of emboli, was cloth covering of the struts. 
However, the fabric can develop cloth wear, leading to 
exposure of the metal struts and resulting in anemia and 
thrombus formation. The Starr-Edwards 2300 series was 
the first of the totally cloth-covered valves. The major 
complication requiring reoperation in six patients with this 
valve was tissue ingrowth into the primary valve orifice, 
resulting in prosthetic obstruction. The technical complica- 
tion of perivalvular .eak can occur with any valve. 

Parr et al® repcrted an overall 9.5% operative mortality 
for patients undergoing their first aortic valve re-replace- 
ment. However, the operative mortality for patients 
undergoing urgent reoperation was 42.9%, while elective 
reoperation had a 3.7% operative mortality. Sandza et al’ 
reported a 41% perioperative mortality for emergency 
prosthetic valve re-replacement, and 12.5% for elective 
re-replacement. 

Prosthetie valve endocarditis is a catastrophie complica- 
tion that carries am average 56% mortality in recently 
reported series.'-'* Infection as a primary indication for 
reoperation did not occur in our series. Parr et al? reported 
prosthetic aortic valve infection as an indication for valve 


re-replacement in 15 of 102 patients; 33% of these patients — 


died within the first nine months postoperatively. Sandza 
et al’ reported a 50% perioperative mortality for prosthetic 
aortic valve endecarditis. Improvement in mortality has 
been achieved by prempt replacement of infected prosthet- 
ic valves in patients who demonstrate uncontrolled infec- 
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tion in spite of adequate antimicrobial therapy or severe 
hemodynamic decompensation." 

Since 1970, we have routinely used the porcine valve in 
the atrioventricular position. Concern over durability has 
limited our use of this valve in the aortic position, except 
for specific indications (ie, operation for bacterial endocar- 
ditis, instances where anticoagulation is contraindicated). 
Porcine valve re-replacements have been necessary for 
prosthetie stenosis, endocarditis, and thrombosis. Howev- 
er, primary tissue failure has not occurred in porcine 
xenografts utilized for aortic valve replacement through- 
out maximum follow-up intervals of three to five years.'? 
Leaflet degeneration, thus far, has only been reported in 
the mitral and tricuspid position.” However, microscopic 
structural changes in porcine xenograft valves have been 
described in all implanted positions. 

The experience with patients who require reoperation 
after an earlier prosthetic valve replacement is becoming 
increasingly more important. The patients who survive 
long encugh to undergo reoperation can expect a reason- 
able operative risk, long-term survival, and excellent clini- 
eal improvement. 
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Clinical Notes 


Postmortem Findings in Three Patients 


Treated With Intravenous Fat Emulsions 


Ib Hessov, MD; Flemming Melsen, MD; Agner Haug, MD 


è Three patients died of intercurrent illness in relation to 
intravenous nutrition with fat emulsions (20% Intralipid). In two 
cases, postmortem findings showed milky white, shiny, clotted 
lumps in the heart, with a fatty acid composition resembling that 
of fat emulsions. In vitro investigations make it likely that fibrin 
deposits in hyperlipemic plasma composed the lumps. In two 
cases, 30- to 50-,, Sudan-positive accumulations were found in 
the small vessels of the lungs, the cerebrum, and the kidneys. 

(Arch Surg 114:66-68, 1979) 


F parenteral nutrition, it has become increasingly 
common to administer fat emulsions intravenously. 
Soybean emulsions in which the emulsifier consists of a 


mixture of egg yolk phospholipids, glycerin, sodium 


hydroxide, and water (Intralipid) have in clinical studies 
proved to be safe fat emulsions with few and unimportant 
secondary effects.” On the other hand, serious side effects 
have been observed after the administration of fat emul- 
sions in which soybean phosphatides were the emulsifier. 
In animal experiments, Obel’ found that none of the dogs 
survived three weeks of infusion with these fat emulsions, 
and histologic examinations showed widespread fat emboli 
in the lungs, the myocardium, the liver, the spleen, and the 
kidneys. None of the dogs in the group receiving Intralipid 
died, and histologic examinations showed no signs of fat 
embolism. Fat embolism after infusion of Intralipid has 


. not been observed in animal experiments,’ and in clinical 


practice, only one case suspected for fat embolism has been 
reported. 

Although infusion of fat emulsions was not registered as 
the immediate cause of death, we would like to present 
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unusual findings of congealed masses of lipoid material in 
three patients who died during infusion of Intralipid. 


REPORT OF CASES 


Case 1.—A 60-year-old woman was operated on for cancer of the 
colon. The cperation was not radical, and she died suddenly three 
days later. The cause of death was a large, typical-looking embolus 
in the pulmonary artery. Furthermore, autopsy showed some 
milky white, shiny, clotted lumps on the endocardium of both 
ventricles of the heart, mainly the right one, measuring up to 
2 x 1% x ¥ em (Figure). Histologic examination of the lungs and 
cerebrum showed fat-positive accumulations of 30 to 50 u in the 
blood vessels. The patient had received 500 ml of 20% Intralipid 
daily for the three days before death, each infusion lasting eight 
hours. As n the two following cases, the fat emulsion was 
administered together with a protein hydrolysate injection, (Ami- 
nosol) and no drugs had been added to any of the solutions. 
Intralipid was being administered when she died. 

The material from the heart was examined at two different 
laboratories using gas-chromatographic fatty acid determina- 
tions. The results are given in the Table. The specimen sent to 
laboratory _ was dry, whereas the one sent to laboratory 2 was 
immersed in 0.9% sodium chloride. A determination in a 500-mg 
sample gave 62 mg of total lipid. 

Case 2.-A 75-year-old man with progressive uremia due to 
chronic bilateral pyelonephritis was given parenteral nutrition, 
including 590 ml of 20% Intralipid daily for four days. Each 
Intralipid infusion lasted ten hours. The patient died on the fourth 
day while Iatralipid was being infused. The cause of death was 
bronchial preumonia and uremia. 

Autopsy snowed a large, coherent lump of a milky white, shiny, 
clotted substance in the right ventricle of the heart. It closely 
resembled the material seen in case 1 and clearly differed in 
appearance “rom normal fat and chicken fat. The lump weighed 50 
g. It was not subjected to further analysis. No similar material was 
found in the rest of the vascular system, and histologie examina- 
tion showed no signs of fat embolism. 

Case 3.—7 53-year-old woman, a heavy drinker for many years 
with clinica signs of cirrhosis and chronie pancreatitis, was 
admitted to a surgical ward because of a sigmoid perforation 
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Right side of the heart of 60-year-old woman who died in relation 
to intravenous infusion of a fat emulsion. 
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*The first figure indicetes the number of carbon atoms in the fatty acid; 
the second the number of double linkings. 


caused by diverticulitis. The postoperative course was complicated 
by pulmonary empyema and a pulmonary abscess. Parenteral 
nutrition was administered owing to her poor nutritional state. On 
the first day, 250 ml of 209; Intralipid was infused for ten hours; 
nine hours after the irfusion was terminated, the patient suddenly 
became quite febr:le and died. Autopsy confirmed the diagnosis of 
alcoholic cirrhosis and chronic pancreatitis, Other findings were a 
small pulmonary abseess on the left side and mild bilateral basal 
bronchopneumonia. Histologic examination of the lungs and the 
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kidneys showed 20 to 50 u Sudan-positive accumulations in the 
arterioles, 


COMMENT 


The fatty acid pattern of the material from the heart 
resembled that of Intralipid, even though the quantities 
were not concordant. The high content of linoleic acid (C 
18:2) and the absence of short fatty acids seemed to 
indicate that Intralipid contributed to the formation of the 
white lumps. 

In 1974, Lee? gave an account of ten years’ careful 
postmortem studies of all patients who died of intercurrent 
illness while receiving parenteral nutrition, including fat 
emulsion. He concluded that “no evidence has been found 
of fat embolism, nor is there any such event in the available 
literature.” In 1975, however, Freund et al* reported a case 
of fat droplets in the capillaries of an extremely cachectic 
male dying from sepsis after prolonged intravenous (IV) 
nutrition with Intralipid. No signs of pulmonary fat embo- 
lism have been found in clinical experimental studies.*^ 

In case 1, fat deposits were found in both the left and 
right sides of the heart. This is not indicative of fat 
embolism. No myocardial changes were found beneath the 
fat deposits, which makes it unlikely that there was a 
myocardial cause for the thrombus formation. It could be 
that fibrin precipitated in a hyperlipemic plasma since the 
changes in the heart closely corresponded to those reported 
by Fódisch et al,’ who in 1972 described two patients who 
died after an IV infusion of another fat emulsion (Lipofun- 
din: a cottonseed oil emulsion in which the emulsifier is 
soybean phosphatides). An enormous increase in plasma 
lipids was found in these two cases, with plasma concentra- 
tions of 23 and 25 g of triglycerides per liter of plasma. 
Life-threatening hyperlipemia after IV administration of 
Intralipid has been reported in two cases.*^ 

To study this problem, Intralipid was added to plasma 
made from newly tapped blood in the proportions of 2, 4, 6, 
8, 10, 20, and 30 g of fat per liter of plasma. The fibrin was 
then precipitated. With increasing fat concentrations, the 
fat deposits became more and more white, and in the test 
tubes with 10, 20, and 30 g of fat per liter, the fibrin lumps 
had a white shiny appearance, similar to that of the 
material found in the heart. These fat concentrations are 
higher zhan those seen during infusions of Intralipid at the 
actual infusion rate but they correspond to those seen 
during quick infusions" or in hyperlipemia.'* It is there- 
fore likely that the macroscopic lumps of fat seen in the 
heart were caused by the fat emulsion giving rise to 
hyperlipemia. 

Pathological hyperlipemia is not a normal finding in 
fasting, injured patients receiving fat emulsions. During 
this condition, and contrary to what normally occurs, the 
clearance of fat from the blood is increased.'* In patients 
suffering from liver diseases, the elimination of fat is 
norma) or increased." However, in experimentally 
induced Gram-negative sepsis, and in patients with 
chronie renal failure, a reduced fat elimination has been 
reported. The latter might partly explain the findings in 
case 2. However, the present cases are most likely 
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explained by the condition of the patients, who were dying 
and therefore probably subjected to a lowered metabolic 
rate. If this is true, the described fat lumps in the heart are 
not truly a complication but it is what happens in patients 
who are dying and who continue to receive fat. 

The concentration of Intralipid used for infusion in the 
present cases is twice the concentration of fat emulsion 
used in the United States but is, however, conventionally 
used in Scandinavia.’ No studies have been carried out to 
elucidate differences in the rate of complications after the 
use of 20% vs 10% of fat emulsions. 


This investigation was supported in part by a grant from the Research 


Foundation, Horsens Sygehus. Niels Hjorne, Aalborg Sygehus, and Vitrum, 
Stockholm supplied the fatty acid determinations. 
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Invited Editorial Comment 


The intracardiac and intravascular accumulation of fat-contain- 
ing mater al reported by Hessov et al seems to be an infrequent 
complication of fat emulsion infusion, which should be kept in 
mind when planning nutritional support for surgical patients, 
especially -hose-with preexisting diseases such as uremia, cirrho- 
sis, and seosis that are associated with metabolic derangements. 
The laboretory studies described within the "Comment" section 
suggest that this complication is directly related to plasma fat 
concentrat.on and that it can be minimized by careful regulation 
of the Intralipid infusion rate. It should be emphasized that these 
patients had received the 20% form of the fat emulsion that, as the 
authors note, contains twice as much fat as the 10% form, the only 
form available in this country. One would anticipate a much 
greater margin of safety with the use of the 10% solution. It should 
also be emphasized that the clearance of fat from the blood of 
hypermetabolic patients seems to be accelerated to a rate that is 
greater then that observed in patients with normal or, as these 
patients may well have had, lowered metabolic rates, providing 
still further protection for those patients most in need of high- 
calorie nutritional support. 

This interesting report of a clinically important complication of 
an IV fat emulsion should not be interpreted as a contraindication 
to the use ef such emulsions but it should be used to refine the 
regimens br which such solutions are administered. 


Basit A. Pruitt, JR, MD, FACS 
San Antonio, Tex 
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Cimetidine in the Management 


of Metabolic Alkalosis 


Induced by Nasogastric Drainage 


Cyril H. Barton, MD; N. Dabir Vaziri, MD; Russell L. Ness, MD; James K. Saiki MD; Khosrow S. Mirahmadi, MD 


e Metabolic alkalosis resulting from nasogastric drainage is a 
well recognized and potentially serious clinical problem. In the 
postoperative patient with acute renal failure, the management of 
the metabolic alkalosis is particularly difficult, and established 
modalities of therapy are sometimes ineffective and can be 
hazardous to the patient. In this article, we report on the 
successful use of cimetidine (an H.-receptor antagonist) as an 
adjunct in the treatment of severe metabolic alkalosis in a 
postsurgical renal failure patient. To our knowledge, this is the 
first reported successful use of cimetidine in the treatment of 
metabolic alkalosis due to gastric acid loss. 

(Arch Surg 114:70-74, 1979) 


Uo alkalosis is a well recognized and potentially 

serious clinical problem that often occurs in patients 
treated with nasogastric suctioning.’ This can be a partic- 
ularly difficult problem when renal insufficiency is pres- 
ent, as the ability of the kidney to compensate through 
biearbonate excretion is severely compromised. 

A number of methods of therapy have been used in the 
management of metabolic alkalosis in the setting of renal 
failure. These have included infusions of exogenous hydro- 
chlorie acid‘ and hemodialysis utilizing a high-chloride, 
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disease, 2sophagitis, 


low-acetace dialysate.° 

In this article, we report on the successful use of 
cimetidin2 (an H,-receptor antagonist) as an adjunct in the 
treatmen- of severe metabolic alkalosis in a postoperative 
renal failure patient. Currently, the reported usefulness of 
cimetidine has been in the treatment of peptic ulcer 
Zollinger-Ellison syndrome, and 
gastrointestinal hemorrhage.** To our knowledge, this is 
the first reported successful use of cimetidine in the 
treatment of metabolic alkalosis due to gastric acid loss. 


SUBJECTS AND METHODS 


The patient studied was a 37-year-old man who sustained a 
gunshot weund to the abdomen requiring extensive abdominal 
surgery, including a left nephrectomy and partial hepatectomy. 
Renal failure as evidenced by oliguria and progressive azotemia 
subsequent y developed. The renal insufficiency failed to reverse 
with approoriate fluid repletion and hemodialysis was initiated. 
The patient’s clinical course was further complicated by the 
developmert of an ileus requiring continuous nasogastric suction- 
ing, with removal of 3 to 5 mEq/liter/24 hours of gastric fluids 
containing approximately 131 mEq/liter of hydrochloric acid. 
There was ao evidence for a mechanical bowel obstruction. 

As a resut of this massive gastric acid loss, a severe progressive 
metabolic alkalosis developed. Hemodialysis utilizing a conven- 
tional dialysate failed to correct the patient’s alkalosis; therefore, 
dialysis treetment with a high-chloride, low-acetate dialysate was 
instituted (ehlorides, 125 mEq/liter; acetate, 17 mEq/liter). This 
therapeutic modality resulted in a dramatic improvement in the 
metabolic a kalosis. However, due to the continuous nasogastric 
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Fig 1—Restoration of normal acid-base balance during five hours of high-chloride, low-acetate 
hemodialysis (indicated by bar) Note dramatic fall in blood pH (closed circles) and plasma 
bicarbonate (open squares) levels during dialysis. Following dialysis, there is recurrence of metabolic 
alkalosis due to continuous nasogastric suctioning. (Closed diamonds indicate PCo..) 


suctioning, there was z rapid recurrence of this condition follow- 


ing the dialysis. In an attempt to reduce gastric acid production 
and resulting metabolic alkalosis, cimetidine, an H,-receptor an- 
tagonist, was administered Nini stare (300 mg every 12 
hours). 1 

The hemodialysis treatments were performed. using a Beribner 
arteriovenous shunt, recirculating single pass dialysate delivery 
system, and hollow fiber artificial kidney. Average dialysate and 
blood flow rates were 500 and 200 ml per minute, respectively. 


Twenty-four-hour gastric duid collections were obtained for 


measurement of titratable acidity and volume prior to and during 


cimetidine therapy. Titratable acidity, defined as the total hydro- - 


chloric acid output, was determined by titration with 0.02N sodium 
hydroxide to a pH of 7.0 using an automatic titrator. The 24-hour 
output of hydrochieric acid was calculated by multiplying the 
titratable acid in milliequivalents per liter by the total gastric 
volume in liters per 24 hours. 

Serum electrolyte levels were viehsured using a multiehaneel 
automated system ef chemical analysis. Blood pH, Po,, and Pco, 
levels were measured directly from heparinized arterial blood 
anaerobieally colleeted utilizing a blood gas analyzer. The bicar- 
bonate concentration was derived using the Henderson- Hassle- 
bach equation. a 1 
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With hemodialysis utilizing the high- chloride: low- 


P en e dialysate, there was a rapid and marked i improve- 


ment in t the metabolic alkalosis. At the beginning of the 


dialysis, the blood RE was 7.57 and the serum bicarbonate 
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level was 42 mEdq/liter. After five hours of hemodialysis, 


the blood pH had fallen to 7.40 and the serum bicarbonate 
level had decreased to 22 mEq/liter. Following the high- 
chloride, low-acetate dialysis, however, there was a recur- 
rence of the metabolie alkalosis as evidenced by a rise in 
blood pH and serum bicarbonate level. and by 18 hours 
following completion of dialysis, the blood pH and serum 
bicarbonate level had risen to 7.54 and 36.5 mEq/liter, 
respectively (corresponding to hour 23 in Fig 1). A 24-hour 
colleetion of gastrie secretion at this time revealed a total 
hydrochloric acid output of 568 mEq. Results of gastric 
analysis before and during cimetidine administration were 
as follows: | 


Before 
Total acidity, 131 inq liter 
Volume/24 hr, 4,300 ml- à 
Titratable acidity/24 hr, 563 mBq/liter | 
During | 
Total acidity, 29 aier 
Volume/24 hr, 3,525 ml ta ce» 
 Titratable acidity /24 hr, 102 mEg/liter 


A second high-chloride, low-acetate dialysis procedure 
was performed approximately 18 hours after completion of 
the initial treatment. Again, a rapid correction of the 
reestablished metabolic alkalosis was noted (Fig 2): The 
predialysis blood pH of 7.54 and serum bicarbonate level of 
36.5 mEq liter fell to 7.40 and 18.9 mEq/liter, respectively, 
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Fig 2.—Changes in acid-base measurements during cimetidine adm nistration. Initial fall in blood pH (closed 
circles) and plasma bicarbonate (open squares) levels are secondary to high-chloride, low-acetate 
hemodialysis performed during hours 1 to 4. Immediately following cialysis, cimetidine treatment was started 
(300 mg every 12 hours), indicated by arrows. (Closed diamonds indicate Pco.,.) 


after four hours of dialysis. 

Cimetidine therapy was initiated (300 mg intravenously 
every 12 hours) immediately following the second high- 
chloride, low-acetate dialysis treatment. Subsequent to the 
administration of cimetidine, the blood pH and serum 
biearbonate values were maintained between the range of 
1.36 to 7.49 and 16.6 to 25.0 mEq/liter, respectively. 

Analysis of the 24-hour gastric fluid collection after the 
institution of cimetidine therapy demonstrated a total 
hydrochloric acid output of 102 mEq. This represents an 
82% reduction in daily hydrochloric acid output when 
compared to the precimetidine value of 563 mEq. Further- 
more, there was no recurrence of metabolic alkalosis 
following the institution of cimetidine, in spite of the 
continuous nasogastric suctioning. As a result, the need 
and, therefore, frequency of hemodialysis was substantial- 
ly reduced to approximately every two to three days, with 
conventional dialysate, for the treatment of azotemia. 


COMMENT 


Although metabolic acidosis is the most frequently 
described acid-base abnormality associated with renal 
insufficiency, metabolic alkalosis nonetheless is a well 
recognized clinical problem that occurs in the renal failure 
patient.^*'^ The usual setting involves a postoperative 
patient with acute renal failure and large gastrointestinal 
losses of hydrogen and chloride secondary to nasogastric 
suctioning or vomiting or both. Early recognition with 
prompt correction of this condition is important, as severe 
alkalosis precludes the development of a variety of serious 
abnormalities." 
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In general, a metabolic alkalosis will respond to adequate 
extracellular fluid volume replacement along with appro- 
priate chleride repletion, usually in the form of normal 
saline. In the so-called saline resistant alkalosis, seen 
when severe potassium depletion is present, the addition of 
potassium chloride is also required for correction of the 
alkalosis." With restoration of the extracellular fluid 
volume along with appropriate electrolyte repletion, there 
will be a ~esulting bicarbonate diuresis and subsequent 
correction of the alkalosis, assuming adequate renal func- 
tion is present. In the presence of renal failure, this 
physiological mechanism for correcting a metabolic alkalo- 
sis through excretion of bicarbonate in the urine is of 
course lost. Furthermore, the administration of significant 
amounts o^ sodium chloride and potassium chloride are 
generally contraindicated because of problems related to 
hyperkalemia and volume overload. 

It has been our experience as well as others’ that 
hemodialysis using a standard high-acetate dialysate (35 to 
40 mEdq/li-er) does not correct metabolic alkalosis in 
patients with acute renal failure.*-> Swartz et al have 
recently reported the successful use of a high-chloride, 
low-acetate dialysate in the treatment of three patients 
with metabolie alkalosis and renal failure. When hemodi- 
alysis is performed using this special dialysate, the bicar- 
bonate tha- is removed from the patient's circulation is 
replaced with chloride, resulting in correction of the alka- 
losis. 

The intrevenous administration of exogenous acid has 
also been used in the treatment of metabolic alkalosis. 
These acid compounds have included ammonium hydro- 
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chloride, lysine monohydrochloride, arginine hydrochlo- 
ride, and hydrochloric acid.*'^?^? There are a variety of 
reasons why these agents may not be desirable in a renal 
failure patient in this setting: (1) The ammonium hydro- 
chloride and amino acid hydrochloride preparations 
deliver an additional nitrogenous load that could worsen 
the azotemia. (2) The additional ammonia load is particu- 
larly hazardous when concomitant hepatic failure is pres- 
ent, as the development of encephalopathy may be poten- 
tiated. (3) Arginine hydrochloride infusions have been 
associated with both hyperkalemia (independent of blood 
pH changes) and hyperglycemia.” Arginine hydrochlo- 
ride is currently unavailable for clinical use. (4) Although 
the suceessful use of hydrochloric acid infusions are 
reported in the treatment of metabolic alkalosis in the 
oligurie patient, the use of this compound necessitates 
administration through a central venous line because of its 
sclerosing properties. There is also an obligatory volume 
load that may be undesirable. Furthermore, there has been 
some question of hemolysis associated with hydrochloric 
acid infusions." 

In our patient, nemodialysis was initially performed for 
correction of the azotemia. A mild metabolic alkalosis was 
present at the time of the initial hemodialysis. As 
expected, the alkalosis was not corrected following four 
hours of conventional high-acetate hemodialysis. Because 
of a worsening metabolic alkalosis due to the continuous 
nasogastric suctioning, dialysis utilizing a high-chloride, 
low-acetate dialysate was performed. Correction of the 
alkalosis was quite dramatic, as shown in Fig 1. Also of 
note was a fall in the Pco, level from 45.0 to 36.6 mm Hg in 
this spontaneously ventilating patient. This likely repre- 
sents reversal of a mild hypercapnia, which responded to 
correction of the metabolic alkalosis. 

Following completion of the high-chloride, low-acetate 
dialysis, there was a relatively rapid reestablishment of the 
alkalosis due to the continuous nasogastric suctioning (Fig 
1) Within 24 hours, a second high-chloride, low-acetate 
dialysis was performed to correct this reestablished meta- 
bolic alkalosis (Fig 2). At this point, cimetidine therapy was 
started in an attempt to prevent recurrence of the meta- 
bolic alkalosis. 

The pharmacological action of cimetidine is through 
histamine H, receptor antagonism. Through this mecha- 
nism, cimetidine has been shown to significantly inhibit 
gastric acid secretion.” Because the generation and main- 
tenance of our patient’s metabolic alkalosis was dependent 
on gastric acid loss from the continuous nasogastric 
suctioning, there seemed to be an excellent rationale for 
the use of this agent. Cimetidine therapy (300 mg intrave- 
nously every 12 hours) was, therefore, initiated after the 
second high-chloride, low-acetate dialysis and continued 
for approximately 15 days. Continuous nasogastric suction- 
ing was maintained throughout this period for decompres- 
sion of a paralytic ileus. The volume of gastric material 
obtained ranged between 2 and 3.5 liters/24 hours. Follow- 
ing the institution of cimetidine therapy, there was no 
recurrence of the metabolic alkalosis, despite continual 
nasogastric suctioning. 
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The gastric analysis data give further support to the 
effectiveness of cimetidine in reducing the hydrogen ion 
loss. Even though the gastric hydrogen ion losses were 
greatly reduced (from 568 to 102 mEq/24 hr), we would still 
have expected some recurrence of the metabolic alkalosis, 
The fact that this was not the case can be explained by the 
production and retention of nonvolatile acids in this 
patient with severe renal failure. 

Prior to the cimetidine administration, our patient 
demonstrated considerable losses of gastric acid (about 23 
mEq/hr, with the upper limits of normal being 4.1 to 6.6 
mEq/hr). Although the specific etiology of this hypersecre- 
tion is not clear, there are perhaps several explanations. 
First of all, it is possible that the gastric acid hypersecre- 
tion was related to the stress of trauma or surgery or both. 
Furthermore, hypergastrinemia has been demonstrated in 
renal failure, with the elevation of serum gastrin levels 
being greater in those patients with severe renal impair- 
ment.**^^ Serum gastrin levels were elevated in our patient 
at 259 pg/ml (upper limit of normal, 100 pg/ml). The 
hypersecretion of gastric acid could have been the result of 
this hypergastrinemia. 

The fact that the metabolic alkalosis did not reoccur 
following institution of cimetidine suggests, but does not 
prove, the effectiveness of cimetidine in treatment of this 
condition. It is possible, although unlikely, the hypersecre- 
tion of gastric acid resolved coincidently but independently 
of cimetidine. The demonstration of a recurrence in the 
gastric hypersecretion and metabolic alkalosis following 
discontinuation of cimetidine would have provided most 
convincing evidence that cimetidine prevented develop- 
ment of the alkalosis. Because of some previous upper 
gastrointestinal hemorrhaging present in our patient, 
along with the demonstration by endoscopy of erosive 
lesions involving the gastric antrum, we unfortunately 
were unable to discontinue the cimetidine. After 16 days of 
cimetidine therapy with normal acid-base measurements, 
retroperitoneal bleeding and refractory bradyarrhythmias 
developed and the patient died subsequent to these 
events. . 

Metabolic alkalosis secondary to losses of gastric acid can 
pose difficult management problems, particularly in the 
setting of renal failure. Our experience with this patient 
shows cimetidine to be a safe, easy-to-administer, poten- 
tially valuable therapeutic adjunct in the management of 
this disorder. Other successful clinical trials will need to be 
conducted in order to prove its efficacy. 


Pearl G. Nelson provided secretarial help. 
Nonproprietary Name and Trademark of Drug 
Cimetidine—Tagamet. 
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Editorial Comment 


Barton and his colleagues describe the therapy of severe meta- 
bolic alkalesis in a patient with acute oliguric renal failure 
following penetrating abdominal injury. They prescribed the H, 
receptor bocker, cimetidine (300 mg intravenously every 12 
hours), whieh resulted in a striking reduction in gastric hydrochlo- 
ric acid loss via the nasogastric tube. 

This is am important observation. Severe metabolic alkalosis is 
uncommon `n the experience of our intensive care unit, but, when 
it occurs, censtitutes a serious management problem. Investiga- 
tors in our institution, University of Miami School of Medicine, 
have treated several patients with intravenously administered 
hydrochloriz acid, with beneficial results. Incidentally, the 
syndrome, characterized by high-volume losses of acidic gastric 
fluid, does aot require oligurie renal failure in order to become 
manifest. We have observed its occurrence in patients whose urine 
outputs were in excess of 2 liters daily. 

The use of cimetidine is a logical and safe therapy; however, its 
efficacy in all patients who suffer from this complication remains 
to be provec. For example, we have recently observed one patient 
with the Zolinger-Ellison syndrome whose gastric secretion was 
reduced in ~olume and acidity by only 25% after treatment with 
2,400 mg of cimetidine daily. Hydrogen ion secretion remained at 
a level greater than 100 mEq/liter and over 3,000 mEq/day. 
Extrapolatiag from this experience, it may be that some patients 
with severe metabolic alkalosis related to excessive losses of 
gastric juice will fail to respond. However, in view of the safety 
and potential efficacy of cimetidine, we agree with the authors in 
recommending its use in this hazardous condition. 

ROBERT ZEPPA, MD 
Miami 
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Liver Allograft 


Its Use in Chronic Active Hepatitis 
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With Macronodular Cirrhosis, Hepatitis B Surface Antigen 


Jacques L. Corman, MD; Charles W. Putnam, MD; Shunzaburo Iwatsuki, MD; 


Allan G. Redeker, MD; K. A. Porter, MD; Robert L. Peters, MD; 
Gerhard Schróter, MD; Thomas E. Starzl, MD, PhD 


* A patient suffering from chronic active hepatitis with 
macronodular cirrhosis, positive for hepatitis B surface antigen 
(HB.Ag), was treated with an orthotopic liver allograft. The HB. 
 antigenemia, as measured with several precipitation tests and by 
compiement fixation, became negative after transplantation and 
remained so for about 212 months. During the interval, very low 
titers of the antigen were detectable by radioimmunoassay. At 
about three montks after transplantation, she had an attack of 
acute hepatitis, at which time HB.Ag became detectable by all 
tests. She recovered. but progressive liver disease developed 
during the remaining 172 years of her life. She died of dissemi- 
nated nocardiosis and candidiasis with deteriorating hepatic 
function. The homograft at autopsy showed no evidence of 
rejection, but was the site of chronic active liver disease, 
although of a different pathologic pattern than that affecting her 
native liver. The differences in histology may reflect the influence 
of chronic immunosuppression on the features of chronic active 


hepatitis. 
(Arch Surg 114:75-78, 1979) 


n August 1976, a patiert with end-stage chronie aggres- 
I sive hepatitis and cirrhosis, hepatitis B surface antigen 
(HB.Ag) positive, was treated at the University of 
Colorado Medical Center, Denver, by total replacement of 
the liver. Her dinical course is reported and discussed in 
this report, with particular reference to the infection of the 
new liver by the hepatitis B virus. 


. REPORT OF A CASE 


In 1964, a 22-year-old woman, a chronic intravenous drug user, 
was admitted to a Los Angeles hospital with acute hepatitis. She 


Accepted for pubiicazion May 16, 1978. 

From the Department of Surgery (Drs Corman, Putnam, Iwatsuki, 
Sehróter, and Starzl), University of Colorado Medical Center, Denver; the 
Department of Medicine, University of Southern California, Rancho Los 
Amigos Hospital, Downey (Dr Redeker); the Department of Pathology, St 
Mary's Hospital Medical School, London (Prof Porter); and Department of 
Pathology, John Wesley Hospital, Los Angeles (Dr Peters). Dr Corman is 
now with L'Universite de Montreal, Hopital Notre-Dame; Dr Putnam the 
Department of Surgery, Tucson (Ariz) Veterans Administration Hospital; 
and Dr Iwatsuki the Department of Surgery, Loyola University Medical 
Center, Maywood, Ill. 

Reprint requests to Department of Surgery (Box C-305), University of 
Colorado Medical Cemter, 4200 E Ninth Ave, Denver, CO 80262 (Dr 
Starzl). 


Arch Surg—Vol 114, Jan 1979 


appeared to recover fully, but five years later, jaundice and ascites 
developed and she was admitted to the University of Southern 
California Liver Unit, John Wesley Hospital, Los Angeles. The 
HB,Ag was positive by counterelectrophoresis (CEP). 

A liver biopsy specimen was taken in 1969. At that time, the 
lobular architecture was completely distorted by large discrete 
regenerative nodules. There were scattered foci of hepatocytolysis 
surrounded by lymphocytes. Many of the hepatocytes were 
ballooned. The biopsy specimen was considered to represent a 
coarsely nodular cirrhotic liver in a relatively quiescent stage of 
chronic active hepatitis. 

Over the next year, there was progressive deterioration of liver 
function, necessitating several admissions to the hospital for the 
treatment of ascites, hepatic encephalopathy, and gastrointestinal 
bleeding. In early August 1970, the patient was transferred to the 
University of Colorado Medical Center, Denver, for liver trans- 
plantation. She had massive ascites, bilateral pleural effusions, 
and jaundice. The laboratory findings (Fig 1) were typical of 
advanced cirrhosis, showing the following levels: serum total 
bilirubin, 6.4 mg/dl (direct, 4.6 mg/dl); SGOT, 240 IU; and alkaline 
phosphatase, 330 IU. The prothrombin activity was less than 20%. 
The serum albumin level was 1.9 g/dl, and the serum globulin level 
was 4 g/dl. 

On Aug 9, 1970, she underwent total hepatectomy, orthotopic 
liver transplantation, and splenectomy. The procedure was made 
difficult by the portal hypertension and numerous venous collater- 
als. During the operation, she required 18 units of blood, all of 
which were negative for HB, Ag antibody by CEP. Aliquots of the 
transfusion blood were not kept for subsequent radioimmunoas- 
say. 

The excised liver weighed 688 g (Fig 2). Its lobular pattern was 
entirely distorted by bulging, well-defined, 0.5 to 0.6 cm-regener- 
ative nodules separated by loose connective tissue septa. Micro- 
scopically, the diserete nodules were made up of markedly hydrop- 
ic hepatocytes with vesicular nuclei. There were only occasional 
foci of hepatocytolysis, and most of the lymphocytic and plasma- 
cytic infiltrates were confined to the loosely arranged fibrous 
septa. Kupffer cells were only moderately prominent. 

Postoperatively, she was treated with a triple drug immunosup- 
pressive program consisting of azathioprine or cyclophosphamide, 
prednisone, and horse antilymphocyte globulin?’ (Fig 1). Despite 
her peor condition prior to transplantation, the early convales- 
cence was uneventful and the patient was discharged from the 
hospital 32 days after the operation. Postoperatively, HB,Ag was 
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not detectable by CEP or agarose gel immunodiffusion (AG). 

Eighty days after transplantation, she was readmitted to the 
hospital with malaise, fever, arthralgia, and anorexia. There was a 
marked increase in the levels of the serum albumin, SGOT, and 
alkaline phosphatase (Fig 1); prothrombin activity was 50% of 
normal. Because of the reappearance of AG- and CEP-detectable 
HB,Ag, this illness was thought to be acute viral hepatitis, rather 
than a rejection episode, and her program of immunosuppression 
was therefore not altered. During the ensuing few weeks, there 
was further deterioration of hepatic funetion, and ascites was 
transiently present. Her condition then gradually improved, with 
return of the liver function test values to essentially normal levels 
(Fig 1). 

A needle biopsy of the liver was taken in September 1971, 
approximately 13 months after transplantation and ten months 
after the episode of acute hepatitis. Microscopically, this specimen 
showed a decidedly atypical pattern, with regularly arranged but 
more closely approximated portal structures from which insidious 
arachnoid collagen fibers extended varying distances into the 
lobules. The cord pattern was completely effaced by the hydropic 
parenehymal cells that formed irregularly distributed clusters of 
cells that bulged against adjacent areas of less swollen hepato- 
eytes. The central veins were difficult to find, but were normal 
when found. There was only a modest increase of cells in the portal 
areas, consisting mostly of duct epithelial cells, fibroblasts, endo- 
thelial cells, and a few lymphocytes and plasma cells (Fig 3). 

The bloated hepatocytes had vesicular nuclei with prominent 
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nucleoli. Inflammatory infiltration into the lobule was meager, but 
there were occasional relatively inconspicuous clusters of Kupffer 
cells and a rare eosinophilic body, but no other frank necrosis (Fig 
4). Vasculer structures in portal areas were not sclerotic. It was 
thought that the pattern probably represented an early stage of 
chronic ac-ive hepatitis, modified by immunosuppressive thera- 
py. 
Soon after this, the patient was readmitted to the hospital with 
fever and headaches. A complete neurological evaluation was 
normal. A month later, Nocardia asteroides was isolated from a 
skin nodule, and she was treated with sulfonamides.‘ She was 
subsequent. y readmitted to the hospital on several more occasions 
with headaches and fever. By January 1972, seventeen months 
after transplantation, her liver function had deteriorated (Fig 1), 
with recurrence of jaundice and ascites. In late March 1972, focal 
neurologic signs developed. Craniotomy was performed, revealing 
multiple intracerebral Nocardia abscesses. Liver function contin- 
ued to worsen, and she died of hepatic failure and neurologic 
dysfunction on April 21, 1972, twenty months after transplanta- 
tion. At postmortem examination, multiple Nocardia asteroides 
and Candida albicans abscesses were found in the brain, heart, 
lungs, liver, and kidneys. 

The allografted liver at autopsy weighed 1,120 g. Since the liver 
was obtained from a male donor who weighed more than 70 kg, its 
weight at the time of transplantation was estimated to have been 
1,800 g, based on a liver weight/total body weight ratio of 2.5%. 
The surface of the allograft had a fine, sandpaper appearance (Fig 
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Fig 1.—Clinical course of patient before and after liver replacement. AG indicates 
agarose gel immunodiffusion test for hepatitis B surface antigen; ALG, antilym- 


phocyte globulin. 
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Fig 2.—Cut surface of shrunken nodular liver removed at time of 
transplantation on Aug 9, 1970 ( x 2.4). 
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Fig 3.—Liver biopsy specimen taken of allografted liver ten 
months after appearance of elevated transaminase activity and 
hepatitis in B surface antigen serum. Note widened portal tracts 
and bloated hepatocytes with very little lobular inflammatory 
infiltrate (hematoxylin-eosin, x 120). 





Fig 4.—High-power photomicrographs of liver biopsy specimen shown in Fig 3. Hepatocytes are hydropic and nuclei are 
enlarged, witn finely divided chromatin. Left, Eosinophilic body (arrows) is shown. Right, Focus of hepatocytolysis (arrows) filled 
with swollen Kupffer cells, macrophages, and a few lymphocytes (hematoxylin-eosin, x 600). 





Fig 5.—Cut surface of allografted liver removed at autopsy. Note 
that liver, although toughened, is not cirrhotic, and that portal 
structures are regularly distributed ( x 2.4). 
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Fig 5.—Photomicrograph of allografted liver at autopsy. There are 
no fibrous septa incorporating portal areas (P). Centrilobular 
areas (C) are obliterated by fibrosis and there is diffuse interstitial 
fibrosis with collagen enveloping hepatocytes. (hematoxylin- 
eosin, x 240). 
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5). The parenchyma was toughened, but the lobular architecture 


was intact (Fig 5) and the liver was not truly cirrhotic. Microscop- 


ak ically, there were no regenerative nodules. The portal and central 


areas had a proper relationship to one another. However, there 
were fine collagen fibers that extended throughout the sinusoids, 
enveloping segments of hepatic cords that were arranged in 
restricted, acinar-like structures (Fig 6). The short hepatic cord 
structures were not arranged in a radial fashion, but were in 
disarray. The centrilobular areas had many finely foamy hepato- 
cytes, with the vesicles ranging from about 1 to 3 p. Canaliculi 
were dilated with bile plugs. Kupffer cells were numerous and had 
unusually abundant cytoplasm. There was no exudate into the 
lobules, nor was there inflammatory hyperplasia in portal 
regions. 


Serologic Studies 


During the patient's hospital course, multiple serum specimens 
were tested for the hepatitis B antigen in laboratories at the 
Universities of Southern California and Colorado by a variety of 
techniques, including micro-Ouchterlony agarose gel immunodif- 
fusion, counterelectrophoresis, and complement fixation (CF) and 


~ radioimmunoassay (RIA). 


Serum specimens tested in California at intervals during the 
year prior to transplantation were all positive (Fig 1) for HB,Ag 


— by AG and CEP. These findings were confirmed in the same 


samples at the Colorado laboratories using all the methods but 
RIA. 

‘Serum samples were obtained for analysis in Colorado immedi- 
ately before transplantation, after hepatectomy but before place- 


ment of the homograft, and at 30-minute intervals after revascu- 


larization of the graft. The preoperative sample was positive in all 
test systems, while the specimen taken during the anhepatic phase 
was positive only with the more sensitive complement fixation 
test.“ The five subsequent intraoperative serum samples were all 
negative by the AG, CEP, and CF tests. 

The patient remained HB,Ag negative by the above techniques 
for 43 days after transplantation. At that time, although hepatic 
function tests were essentially normal, HB,Ag was again detect- 
able, first by CF and later by CEP. Henceforth, until her death 18 
months later, all serum specimens tested were positive by all 
techniques. 

After the patient’s death, serum samples that had been obtained 
during the early postoperative period (days 5, 9, 17, and 31) were 
retested by radioimmunoassay. Although these four samples had 
initially been found to be HB,Ag negative by AG, CEP, and CF, all 
were positive by RIA (positively confirmed by blocking with 
anti-HB,AG antibody)? Hepatitis B surface antigen subtype 


t 2 determinations were done in the California laboratory. Both the 


pretransplant antigen and the antigen detected during the post- 


transplant acute hepatitis were subtype ay. 


COMMENT 


The outcome after orthotopic hepatic transplantation in 
this patient was not readily predictable. It could be theo- 
rized that the new and genetically different liver might be 
affected differently by the hepatitis virus than the native 
organ. Furthermore, the response of the new liver, if 
infected, would be conditioned by an iatrogenically altered 
host immune response. 

Removal of the host liver resulted in an immediate, 
marked reduction in HB,Ag titer, suggesting that the liver 
was the major source of circulating HB,Ag. Apparently, 
the amount of infectious material retained extrahepatical- 
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ly, as reflected by the positive RIA test, was sufficient to 
infect the new organ. The only alternative, and an unlikely 
one since the HB,Ag screening tests of the blood baths 
with CEP were negative, was that the infection came from 
one of the blood transfusions. Whatever its origin, viral 
replication then occurred, presumably mainly in the freshly 
infected hepatic homograft, leading eventually to the 
release of large amounts of HB,Ag into the blood circula- 
tion. The situation was thus somewhat comparable to post 
transfusion type B hepatitis. The development of clinical 
symptoms and biochemical abnormalities about 80 days 
after transplantation terminated the "incubation period," 


after which the less sensitive serologic tests readily 


detected HB, Ag in the serum. The bout of acute hepatitis 
at that time was not obviously different than would have 
been expected in a patient with a normal immune 
system. 

Although it was hoped that provision of new liver tissue 
of a different genetie constitution than the native organ or 
the use of an immunosuppressive program would protect 
against redevelopment of chronic active hepatitis, such was 
not the case in our patient. A chronic and progressive liver 
disorder developed, but one that was histologically dissim- 
ilar to chronic active viral hepatitis in that collagen devel- 
oped in fine intrasinusoidal strands not forming septa, 
hepatocyte regeneration was minimal, and inflammatory 
cell infiltration was meager. The histological features that 
developed in the liver homograft were also unlike the 
changes that ean be induced by either rejection or immu- 
nosuppression. It seems most likely that the posttransplan- 
tation hepatic disorder in our patient was chronic active 
viral hepatitis modified by immunosuppression. 

In future cases, treatment should be considered at the 
time of operation to neutralize the residual virus with 
human anti-HB,Ag antibody. Successful therapy of this 
kind would make similar patients attractive candidates for 
liver replacement. One patient recently treated by us with 
hyperimmune serum has had complete clearing of HB.Ag 
for the entire 4% months of postoperative follow-up. It is 
not known to what extent this approach has been used at 
other centers. 


Nonproprietary Name and Trademark of Drug 
Azathioprine—Jmuran. 
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salivary Gland Heterotopia 
in the Lower Part of the Neck 


William P. Adams, MD, Patrizia K. Donahoe, MD 


* Heterotopic salivary gland tissue in branchial cleft cysts in 
the upper part of the neck reputedly differentiates from the 
epithelial lining of the cyst. We describe a patient with salivary 
gland tissue found in the lower part of the neck. How salivary 
gland tissue finds its way to the lower neck is obscure. It is 
conceivable that the tissue orginated from a precervical sinus or 
cervical vesicle, a distinct embryologic structure that forms in 
the lower part of the neck between the second branchial arch 
and the upper thoracic wall, but that normally disappears by the 
time of birth. The epithelia! lining of the cervical vesicle is 
thought to be associated with the early development of the 
glossopharyngeal and vagus nerves. Salivary gland tissue may 
differentiate from the epithe'ial lining of cervical vesicles and 
nurture the growing nerves ky nerve growth factor elaboration. 


(Arch Surg 114:79-81, 1979) 
Te embryologie develcpment of head and neck struc- 
tures is complex; therefore, errors that produce vari- 
ous degrees of anatomical deformity occur often. Missteps 
in branchial cleft development are frequent and result in 


readily observable topographical deformities, such as bran- 


chial, auricular, or cervical sinuses. Heterotopic salivary 
gland tissue, which has been described -in branchial cleft 
cysts in the upper part cf the neck, reputedly differen- 
tiates from the epithelial lining of the cyst. This report 
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describes a patient with heterotopic salivary gland tissue 
in the lower part of the neck. The etiology, presentation, 
surgical management, pathology, and embryologic signifi- 
cance of this rare congenital anomaly will be discussed. 


REPORT OF A CASE 


The patient was a normal, full-term neonate. In retrospect, his 
mother recalled a small opening 2 cm above the suprasternal notch 
in the midline of the lower part of his neck. At 10 months of age, 
the sinus discharged a clear, nontenacious fluid. The discharge 
continued intermittently and was unrelated to gustatory stimuli. 
The neck was never infected or swollen. On physical examination, 
a l-mm midline orifice located approximately 2 em above the 
suprasternal notch drained a clear, colorless fluid. Neither a 
palpable mass nor signs of infection could be detected. The thyroid 
was in normal position. There were no other congenital anomalies. 
The presumptive diagnosis was thyroglossal duct sinus. 

At surgery, the sinus probed inferiorly toward the suprasternal 
notch, rather than upward, as would a thyroglossal duct sinus. 
After the installation of methylene blue and hydrogen peroxide 
solution via a tiny plastic catheter, the sinus was transversely 
cireumscribed and followed to its base, where it ended blindly in a 
poorly defined mass of pinkish-yellow tissue (Fig 1). No other 
tracts or communication with deeper structures were evident. 


Pathology _ 


Pathological examination showed a 0.8 em long duct extending 
from the skin to the subeutaneous tissue (Fig 2), where it ended in 
lobular glandular tissue. The lobules consisted of both light and 


dark acinar cells with basilar nuclei (Fig 3). characteristic of 


mucous and serous salivary gland tissue. The ducts draining these 
acini were covered proximally with cuboidal epizhelium and distal- 
ly with pseudostratified columnar epithelium. 
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Fig 1.—Intraoperat 
showing distal lobules (bottom arrow) and epithelial sinus (top 
arrow). 





Fig 3.—Distel lobular architecture of heterotropic salivary gland 
tissue show ng both light and dark acinar cells (arrows) (original 
magnificaticn x 280). 
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Fig 4.—Diagrammatic relationship of precervical sinus to bran- 
chial cleft sinus and cervicoaural sinus. 


Fig 2.—Microscopic appearance of dermal and epidermal 
elements of cervical sinus. Arrow indicates duct draining lobules 
(original magnification x 16). 
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COMMENT 


How salivary gland tissue nds its way to the lower part 
of the neck is obseure. Hunezousky, who first described 
salivary gland tissue :n the lower part of the neck in 1789, 
referred to it as heterotopic.' Eighteen cases have since 
been described." Youngs and Scofield reviewed 11 cases 
from the Armed Forces Institute of' Pathology in 1967. 
The appearance of cysts, sinuses, and cartilage, in associa- 
tion with the misplaced salivary gland tissue, suggested a 
relationship of the gland tissue to the branchial apparatus, 
particularly to the branchial clefts. The lower-neck position 
of the heterotopie salivary gland tissue in the present case 
strongly suggests that its embryologic origin may be from 
a precervical sinus. | 

Located between the second arch and the developing 
upper thoracie wall, the precervical sinus is formed from 
the overlapping of the third and fourth branchial clefts. 
The sinus normally disappears as the branchial clefts 
develop, leaving two small ectodermal cysts called cervical 
vesicles along the lower and anterior border of the sterno- 
cleidomastoid muscle. The epithelium of these ectodermal 
cysts is thought to be asscciated with the early develop- 
ment of the glossopharyngeal and vagus nerves.*! Cervi- 
cal vesicles normally disappear, but may go on to form 
cysts and sinuses along the anterior border of the sterno- 
cleidomastoid muscle. Thus, cervical cysts seen in the 
infant may be formed from the persistence of the precer- 
vical sinuses or cervical vesicles, as well as from branchial 
clefts or thyroglossal ducts (Fig 4). Salivary gland tissue 
has been observed in thyreglossal duct and branchial cleft 
cysts, and is thought to arise from heteroplasia of the 
early epithelial lining. It seems reasonable, then, that 
salivary gland tissue may also arise from the heteroplastic 
ectodermal lining of the precervical sinuses or their cervi- 
cal vesicles.’ 

The early morphogenie interactions between invagi- 
nated epithelium and cranial nerves (ectoderm of cervical 
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vesicles and the ninth and tenth cranial nerves) and the 
later appearance as embryologic rests of salivary gland 
tissue in the position of this early epithelium raises the 
speculation that the function of the salivary gland tissue, 
as in the mouse," may be to nurture the growing nerve by 
elaborating a stimulative chemotactic factor or a nerve- 
growth factor. Another consideration is that the salivary 
gland epithelium may contribute a separate ectodermal 
origin for the afferent elements of these neural crest 
cranial nerves. The present case represents an interesting 
embryologie rest that appears after birth, in which the 
unusual displacement of salivary gland tissue may explain 
its possible morphogenic role during early embryogene- 
sis. 


Erika Whitmore, MD, assisted with the histopathology. 
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Stewart-Treves Syndrome 


A Lethal Complication of Postmastectomy Lymphedema 
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and Regional Immune Deficiency 


Helmut Schreiber, MD: Frank M. Barry, MD; W. C. Russell, MD; 


€ Lymphangiosarcoma is a fatal complication of postmastec- 
tomy lymphedema. The pathogenesis of lymphangiosarcoma in 
. chronic lymphedema is a combination of two factors. First, the 
edematous region responds in a manner similar to “immunolog- 
ically privileged sites." Second, because of its anatomic and 
physiologic properties, it is a favorable site for the development 
of mutant cell populations for reasons that are not fully under- 
stood. As a result, these mutant cells, with their genetically 
nonidentical antigens, escape recognition by the host's impaired 
immune surveillance mechanism. The failure to promote a 
sufficient immune response allows unrestricted tumor growth to 
take place, resulting in the ultimate death of the patient. Avail- 
able therapeutic measures are equally unsatisfactory. Emphasis 
is placed on periodic examination of the lymphedematous 
extremity, aggressive treatment of established lymphedema and 
infections, and surgical preservation of lymphatic channels 

. during breast cancer surgery. 

(Arch Surg 114:82-85, 1979) 
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E umor growth is closely related to the degree of immu- 
nocompetence of the host."* The transplant experi- 
ence has clearly demonstrated the increased cancer risk in 
patients with systemic immunosuppression.’ Localized or 
regional areas of immunosuppression are also known to be 
the site of preferential tumor growth.^** These are sites in 
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the host milieu that lack functional afferent lymphatic 
drainage, end are commonly referred to as "immunologi- 
cally privileged sites." They may be naturally occurring, 
such as the hamster cheek pouch, the testis, the brain, and 
the antericr chamber of the eye,^ or they may be an 
artificially created site such as the full-thickness island 
pedicle flap on the flank of guinea pigs." These sites have 
in common che inability to recognize and reject genetically 
nonidentical tissue antigens. 

We have encountered the condition of postmastectomy 
lymphangiosareoma, which we believe parallels the mecha- 
nisms involved in the formation of neoplasms in "immuno- 
logically privileged sites," in two of our patients. 


REPORT OF CASES 


Case 1.—The patient was a 69-year-old woman with maturity- 
onset diabetes who underwent a right-sided radical mastectomy 
on May 2, 19€9 for poorly differentiated adenocarcinoma. Two of 
36 axillary lynph nodes were involved with tumor. Postoperative- 
ly, she underwent a course of radiation to the axilla, chest wall, and 
supraclavicular areas totaling 3,600 rads. Mild lymphedema was 
evident within two months postmastectomy. The edema 
progressed slcwly, despite elevation and compression. In Novem- 
ber 1973, she required hospitalization for treatment of severe 
lymphangitis end edema of the right upper extremity, and several 
additional episodes of mild lymphangitis were treated successfully 
on an outpatient basis. : 

In May 1974, five years postmastectomy, she was again hospi- 
talized for treatment of severe incapacitating lymphedema. She 
was noted to have several areas of bluish discoloration around the 
upper part of the edematous arm (Fig 1). Examination of the 
biopsy specimen revealed lymphangiosarcoma (Fig 2). 

An interscapulothoracic amputation was performed. One month 
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later, the patient was noted to have several foci of recurrent tumor 
at the margins of the wound. These tumor nodules grew at an 
alarming rate until tne patient died of widespread metastases two 
months postoperatively. 

Case 2.—This patient was a 77-year-old woman who underwent a 
right-sided radical mastectomy about ten years prior to her 
present hospital admission. She underwent a full course of postop- 
erative radiotherapy to the chest wall and axilla because of 
involved axillary lymph nodes. One year postmastectomy, 
lymphedema developed in the right upper extremity and 
progressed gradually over the ensuing nine years. 

Four weeks prior to admission to the hospital, she noted several 
areas of bluish, bruise-like discoloration of the skin around the 
elbow that became ccnfluent and gradually encompassed the 
whole upper extrem:ty (Fig 3). Because of the unusual appearance 
of this lesion, it was thought that this represented gangrene of the 
extremity with a superinfection. She was treated with large doses 
of antibioties and was given heparin sodium intravenously. 
Despite these measures, the septic process continued and resulted 
in a rapid deteriorztion of the patient's condition. A disarticula- 
tion amputation was performed as a life-saving measure, but at 
the end of the procedure the patient experienced a cardiac arrest 
and could not be resuscitated. Histologic examination of the 
surgical specimen revealed lymphangiosarcoma (Fig 4). 


COMMENT 
General Considerations 


Lymphangiosarcoma is a rare and rapidly fatal compli- 
cation of chronic lymphedema. Lowenstein"? in 1906 was 
first to describe its occurrence in an arm affected by 
posttraumatic lymphedema. Others'?** have reported on 
similar tumors arising in chronic lymphedematous extrem- 
ities sinee Lowenstein's original report. It was not until the 
report by Stewart and Treves'* that the syndrome of 
lymphangiosarecmz developing in postmastectomy lymph- 
edematous extremities became widely recognized. Since 
then, slightly more than 100 cases of postmastectomy 
lymphangiosarcoma have been reported in the literature. 
It is now generally accepted that the condition is not 
directly related tc breast cancer, but represents the 
spontaneous development of a new neoplasm in an extrem- 
ity affected by chronic lymphedema. 

The majority of cases reported were in women with 
postmastectomy lymphedema, but it is now well estab- 
lished that the condition may occur in any extremity 
affected by chronic lymphostatic edema. A few cases have 
been reported in pestmastectomy patients without obvious 
edema." 

The eondition occurs in less than 1% of postmastectomy 
patients and the average age of the patients is 62 years." 
Postmastectomy lymphedema precedes the lymphangio- 
sarcoma for an average of 9!é years, while in lymphedema 
cases unassociated with breast cancer, the edema precedes 
the development of the tumor by an average of about 20 
years." DiSimone et al'* were first to report postmastecto- 
my lymphangiosarcoma in blacks. The role of preoperative 
or postoperative radiotherapy on the development of 
lymphangiosarcoma is only related to the aggravation of 
lymphedema." Several cases unassociated with radiothera- 
py have been reported.:5::5 
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Fig 1.—Case 1. Appearance of arm, demonstrating typical areas 
of discoloration that are characteristic of postmastectomy 
lymphangiosarcoma. Arrow points to site of biopsy. 
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Fig 2.—Microscopic appearance of biopsy specimen from patient 
1. There are varying degrees of lymphangiomatosis with scat- 
tered areas of tumor cell clusters in dilated lymphatics. Cells are 
large and irregular with hyperchromatic large nuclei and scant 
cytoplasm. Several areas of hemorrhage are apparent, account- 
ing for gross finding of ecchymosis (hematoxylin-eosin, original 
magnification x 150). 


Presentation and Pathology 


Postmastectomy lymphangiosarcoma is a polymorphous, 
multicentric tumor? consisting of ecchymoses (Fig 1), 
nodules, and bullae (Fig 3). A number of other conditions 
resemble primary lymphangiosarcoma and should be 
differentiated. These include Kaposi's sarcoma, malignant 
melanema, hemorrhagic metastatic carcinoma,” pyogenic 
granuloma, organizing hematoma, and malignant heman- 
gioendothelioma." Differentiation between local breast 
cancer recurrence and lymphangiosarcoma is important for 
the proper treatment of the patient. 


Pathophysiology 


The process involved in the spontaneous development of 
lymphangiosarcoma in lymphedematous extremities re- 
mains controversial. A common factor in most cases is the 
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Fig 3.—Case 2. Gross appearance of arm showing extensive 
subcutaneous hemorrhage with diffuse epidermolysis and ulcer- 
ation. 
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chronic stasis of lymph resulting from the absence of 
functional afferent lymphatics and the absence of normal 
regional lymph nodes in almost all reported cases of this 
syndrome. This is usually due to surgical ablation, chronic 
infection, trauma, radiation, or congenital hypoplasia. As a 
result, an anatomic abnormality exists that interferes with 
the direct communication of the antigen and the regional 
lymph nodes, where immunocyte production normally 
occurs.222* Since an intact afferent lymph network and 
normal regional lymph nodes are both important to the 
host ability to initiate immunity,” it is conceivable that 
patients with chronic lymphedema have an impaired local 
immune responsiveness. 

Stark et al have shown that a skin homograft trans- 
plant on the arm of a patient with postmastectomy 
lymphedema survived a total of 54 days, while another 
graft that served as control from the same donor on the 
normal arm survived only eight days before rejection. Eby 
et al" are aware of an unpublished observation of a tumor 
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transplarted in an arm affected by postmastectomy 
lymphedema that survived and continued to grow for two 
years un-il the death of the patient. Moral and ethical 
limitatiors prevent us from reproducing these findings in 
humans, but the recent development of an animal model”: 
of chronic lymphedema similar to that in humans has 
shown that the mechanism of oncogenesis in chronic 
lymphostatic edema is indeed due to localized immune 
deficiency. 

Animal models of acute lymphatic blockage, such as 
those of Lambert et al; likewise demonstrate a delayed 
immune response in the area of block. Using the alymphat- 
ic pedicle model of Frey and Wenk," Futrell and his 
associates have also clearly shown that tumor allografts 
to normal skin were rejected in an expected fashion, while 
those traasplanted to immunologically privileged sites 
continued to grow and resulted in the ultimate death of the 
animal. Using the same model in our own laboratory, we 
observed a lack of host response to a challenge with 
Staphylococcus aureas (unpublished data, 1972). 

The exact mechanism by which lymph stasis produces 
the spontaneous development of tumors remains obscure. 
Stewart amd Treves," in their original report, postulated . 
that a systemic carcinogen is acting in a locus minoris 
resistentia that results in tumor growth. This view has also 
been held by others.” Taylor et al? have studied the 
protein cortent of edema fluid and found both qualitative 
and quantitative differences as compared to normal inter- 
stitial fluid. It may be that this altered protein in an 
environmeat of lymph stasis alters the antigenic composi- 
tion of the tissue, as suggested by Danese et al.^ Edema 
fluid may zlso dilute the antigen from newly transformed 
neoplastic cells, thereby failing to promote a sufficient 
immune response. By the time the tumor has reached a 
sufficient sze for an adequate antigenic stimulus, it may 
be beyond -he body's capability to destroy it. 

Another explanation for the spontaneous development 
of neoplasia is offered by others.'?:*5* They propose that 
the morbic lymphangiomatosis characterized by many 
newly formed lymphatics in various stages of proliferation 
is a signifeant factor in the ascension of malignant 
disease. They say that the same stimulus for the develop- 
ment of lymphatic collaterals is also a stimulus for the 
developmert of neoplasia. Bowers et al" believe that the 
morbid angiomatosis is a premalignant condition. They 
reported the case of a patient who had benign lymphangio- 

mas excised a year before lymphangiosarcoma became 
evident in z lymphedematous arm. 

A striking feature of chronic lymphedema is diffuse and 
marked degeneration of collagen and fat." This may 
predispose to oncogenesis in the same manner as atrophy 
elsewhere predisposes to it. Well-known examples of this 
phenomenor are atrophic gastritis, burn scar atrophy, and 
radiation scars. Since the atrophy in lymphedema involves 
primarily ccnnective tissue, a sarcomatous change rather 
than a carcinomatous one occurs. 

By whatever means the malignant transformation 
develops in chronic lymphedema, the indirect evidence 
supports our impression that chronic lymph stasis is a site 
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with a higher-than-normal rate of spontaneous tumor 
growth. 


Treatment 


All therapeutic modalities, including radical amputa- 
tions, infusion chemotherapy, and radiation therapy, 
reported to date are equally unsatisfactory. Survival 
beyond one year is unusual. Therapy is almost always 
adversely affected by delay in diagnosis, since patients and 
physicians fail to recognize the seemingly innocuous tell- 
tale early “bruise marks.” Therefore, periodic examina- 
tions and early wide excisional biopsies of suspicious 
lesions are imperative for improved survival rates." 

In view of our failure to cure advanced disease by 
available modern treatment methods, preventive therapy 
seems to be the most promising approach to this problem at 
the present time. These include the prompt treatment of 
cellulitis to prevent further lymphatic blockage, weight 
reduetion in the obese, and adequate management of 
lymphedema by pressure gradient therapy and elastic 
support hose.'* Of equal importance is the surgeon's adher- 
ence to sound surzical principles and technique that avoids 
unnecessary interruption of lymph channels, especially 
around the axillary vein, during axillary lymph node 
dissection. Perhaps the present trend of performing less 
radical procedures for breast cancer will eventually reduce 
the potential for th:s lethal complication of breast cancer 
surgery. 
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Editorial Comment 


This article is unique in that, with a case report, the authors 
have not only reviewed a rare subject, but contributed a new 
concept. The Stewart-Treves syndrome is a fortunately unusual 
but universally fatal complication of radical mastectomy. As such, 
it deserves recognition, and this article provides both an excellent 
description and a thorough review of the topic. 

The concept that an area of chronic lymphedema represents an 
“immunologically privileged site” is not new. However, the appli- 
cation of this concept to the etiology of the Stewart-Treves 
syndrome is a new contribution. This hypothesis, while purely 
theoretical, is both fascinating and tenable. The authors cite 
animal experiments that lend credence to the theory, along with a 
few human observations. With currently available immunologic 
techniques, it should be feasible to test in hamans the possibility 
that an area of chronic lymphatie stasis is indeed immunologically 
privileged, and thus to provide further support for this interesting 
hypothesis. Thus, a clue might be given for a therapeutic approach 
to this uniformly lethal disease. 

GARDNER W. Smita, MD 
Baltimore 
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Intrahepatic Bile Duct 


- Ronald A. Malt, MD 


e Drainage of a choledochal cyst with a cystogastrostomy 


^i 3 allowed food to reflux into the liver, where it obstructed a major 
= right hepatic duct and produced recurrent cholangitis. Partial 
= hepatectomy was necessary for relief. Drainage of choledochal 


cysts with a long Roux-en-Y loop seems advisable. 
(Arch Surg 114:86-87, 1979) 


Re refluxing into the biliary system through a large 
enteric fistula generally leaves with the same harm- 
less facility it enters. When admittance through a small 


5 fistula is free, but egress is not, cholangitis may follow. 


Cholangitis is ordinarily relieved by either dividing the 


—— communication or enlarging it so that drainage becomes 
= complete. 


This article reports a fixed intrahepatic obstruction and 
severe recurrent cholangitis arising from marsupialization 
of a choledochal cyst by cystogastrostomy. Partial hepatec- 
tomy was necessary for relief. 


REPORT OF A CASE 


A 29-year-old mother of two was hospitalized for treatment of 


. recurrent cholangitis with fever to 38.8 °C. Three years earlier, a 


choledochal cyst had been identified during a cholecystectomy for 
recurrent abdominal pain. The cyst was drained by a cystogastros- 
tomy. When the anastomosis strictured, and signs of obstructive 
jaundice and cholangitis returned, drainage was then reestab- 
lished with a Roux-en-Y loop of jejunum about 20 em long. 
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Cholangitis persisted, and the patient was transferred to our 
hospital. 

Transhepatic cholangiography at that time showed an obstruct- 
ing intrahepatic mass, apparently near the confluence of the 
major bile ducts. Exploration disclosed a nearly complete stricture 
of the cystenterostomy and the presence of a cyst distended with 
biliary stones and amorphous material. After the contents of the 
cyst were evacuated and choledochoscopy demonstrated apparent- 
ly normal termini of the major ducts in the superior wall of the 
cyst, the cystenterostomy was revised to provide a large stoma. 
Cholangiography was technically unsatisfactory. 

Two weezs after discharge, the patient was readmitted for 
cholangitis end bacteremia. At that time, transhepatic cholangiog- 
raphy disclesed no filling of the right anterior inferior hepatic 
duct. Opera-ive exploration of this duct through the opened cyst 
wall produced several grams of fibrous material, later identified as 
being of plent origin. Although not all of the material could be 
extracted, attempts were terminated because the operation had 
been long, and the tissues were friable. The length of the 
Roux-en-Y oop was increased to 45 cm. 

A tube was left in the right hepatic duct, in the hope that 
removal of the residual bezoar would become possible with a 
steerable snare under radiologic control. Part of the bezoar was 
later removed, but some of it remained. Since the catheter drained 
the otherwise obstructed duct, the patient was discharged until 


. her operativ2 reaction subsided. 


Five months after the first operation and 3!? months after the 
second, she was operated on again. An attempt at direct hepati- 
costomy was abandoned because of bleeding diffieult to control in 
a turgid live>. Instead, the lateral portion of the right hepatic lobe 
was amputzted to disclose the dilated duet. Retrograde and 
prograde flushes and manipulations removed all but a little of the 
residual bezear, which was inseparable from the wall of the bile 
duct because of intense inflammatory reaction. A total right 
hepatic lobectomy was considered, but discounted because of 
potential hazards in reconstructing left hepatic duct outflow; the 
terminations of the right and left ducts were intimate and 
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anomalous in the poszerior wall of the choledochal cyst. 
Recognizing that the remnant of the bezoar might in time again 
generate a total obstruetion, we thought it was more prudent to 
chance that a much diminished bulk of liver drained by the patent 
duct would palliate the problem for an indefinite time. The patient 


has been hospitalized once for a short course of gentamicin — 


therapy and has taken ampicillin for three or four days on several 
occasions during the succeeding two years when she thought a 
bout of cholangitis might be in prospect. Otherwise she has been 
well without treatment except for florantyrone (Zanchol) tablets 
in an attempt to promote choleresis. 


COMMENT 
In ail likelihood, food was deposited in this patient's 
right hepatie duct during the period her cystogastrostomy 
or her initial cystjejunostomy was open to permit entry of 
debris, but too tight to permit the food to leave. The lessons 


are obvious. If a choledochal cyst cannot be resected to 
diminish the risk of cancer' and to provide a revised 


drainage system, it must be drained through a wide stoma 
sure to stay open and not to trap material that refluxes 
into it. | | 

In the children, eystoduodenostomy has long been recom- 
mended as the Giversion of choice. Today, however, a 
cystojejunostomy is being recommended increasingly. For 
enterie drainage cf benign disease of the biliary system in 
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adults, we, like others?“ try to prevent reflux of intestinal 
contents insofar as possible. A Roux-en-Y loop at least 40 
em long, preferably 50 em, seems best for this purpose, 
although a long loop enterostomy with a low diverting 
enteroenterostomy may be equally good. Either one would 


_ prevent the unusual and potentially lethal condition affect- 


ing our patient. A search of titles entered in the National 
Library of Medicine's computer bank has failed to identify 
another patient with a similar problem, although several 
colleagues believe they have heard of parallel situations. 


William P. Longmire, Jr, MD, provided criticism. 
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DESCRIPTION Each yellow, scored tablet contains 
4.50 mg. oxycodone HCI (WARNING: May be habit 
forming), 0.38 mg. oxycodone terephthalate (WARN- 
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duce drug dependence of the morphine type and, 
therefore, has the potential for being abused. Psychic 
dependence, physical dependence and tolerance may 
develop upon repeated administration of 
PERCODAN®, and it should be prescribed and admin- 
istered with the same degree cf caution appropriate to 
the use of other oral narcotic-containing medications. 
Like other narcotic-containing medications, 
PERCODAN? is subject to the Federal Controlled Sub- 
stances Act. 


Usage in ambulatory patients Oxycodone may 
impair the mental and/or physical abilities required for 
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Usage in pregnancy Safe use in pregnancy has not 
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the possible hazards 


Usage in children PERCODAN® should not be 
administered to children. 


Salicylates should be used with caution in the pre- 
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cranial pressure The respiratory depressant effects of 
narcotics and their capacity to elevate cerebrospinal 
fluid pressure may be markedly exaggerated in the 
presence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Further- 
more, narcotics produce adverse reactions which may 
obscure the clinica! course of patients with head 
injuries. 

Acute abdominal conditions The administration of 
PERCODANS* or other narcotics may obscure the 
diagnosis or clinical course in patients with acute ab- 
dominal conditions. 


Special risk patients PERCODAN® should be given 
with caution to certain patients such as the elderly or 
debilitated, and those with severe impairment of hepat- 
ic or renal function, hypothyroidism, Addison's disease, 
and prostatic hypertrophy or urethral stricture. 
Phenacetin has been reported to damage the kidneys 
when taken in excessive amounts for a long time. 
ADVERSE REACTIONS The most frequently 
observed adverse réactions include light-headedness, 
dizziness, sedation, nausea and vomiting. These 
effects seem to be more prominent in ambulatory than 
in nonambulatory patients, and some of these adverse 
reactions may be alleviated if the patient lies down. 
Other adverse reactions include euphoria, dysphoria, 
constipation and pruritus. 

DOSAGE AND ADMINISTRATION Dosage should be 
adjusted according to the severity of the pain and the 
response of the patient. The usual adult dose is one 
tablet every 6 hours as needed for pain 


DRUG INTERACTIONS The CNS depressant effects 
of PERCODAN* may be additive with that of other 
CNS depressants. See WARNINGS. 
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The Nonoperative Approach to 


Esophageal Perforation Due to 


Celestin Tube Placement 


Robert L. Fulton, MD; R. Neal Garrison, MD; Hiram C. Polk, Jr, MD 


e Perforation of the esophagus during placement of esopha- 
geal tubes for palliation of obstructing inoperable cancer is a 
well-known complication that may preclude satisfactory amelio- 
ration of symptoms. Experience with two such patients suggests 
that the complication can best be treated by proper placement of 
the tube so that it seals the leak and bypasses the obstruction. 
Judicious use of antibiotics is beneficial. Drainage of the 
mediastinum may also be necessary. Resectional or extensive 
operative therapy is probably not wise in these ill and debilitated 
patients, particularly if the cancer is incurable. 

(Arch Surg 114:90-92, 1979) 


Ro of debilitation and metastatic disease, many 
patients with esophageal cancer are not candidates 
for resectional therapy.'? The obstructive nature of this 
neoplasm results in inability to swallow and therefore 


inanition and incessant drooling. Frequent episodes of 


aspiration and pneumonia occur during the last several 
months of the patient’s life and, superimposed on symp- 
toms already present, precipitate a miserable existence for 
the patient. Therefore, in patients with advanced esophag- 
eal carcinoma, some palliative treatment is desirable. 

A variety of esophageal tubes—either “push through” or 
"pull through”—that traverse the obstructing cancer are 
available for palliation of inoperable disease.** Although 
placement of the tube requires relatively minor operative 
maneuvers,"' complications such as perforation of the 
esophagus occasionally occur.’ 

Despite recognition of this complication, few data are 
available in the literature concerning management of such 
a complication. Esophageal perforation, either spontaneous 
or iatrogenic, is generally associated with severe medias- 
tinitis and a frequently fatal outeome.*' Treatment of 
esophageal perforation has varied from nonoperative 
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management to radical resection and reconstruction. 
Patients with advanced cancer of the esophagus that has 
been deened nonresectable for attempted cure do not have 
the longevity to warrant radical resection and reconstruc- 
tion procedures. Indeed, the very indication for intubation 
is predorrinately proved incurability by any kind of local 
treatmen- or overall disability that precludes major opera- 
tion. Such procedures frequently fail or result in prolonged 
hospitalization, thereby defeating the purpose of pallia- 
tion. However, the nonoperative management of esophage- 
al perforation is frequently unsuccessful because of 
obstructim of the esophagus and continued leakage. 

The complication of perforated esophagus was recently 
encountered twice during Celestin tube placement with 
subsequert satisfactory management. Since few, if any, 
detailed reports have appeared in the medical literature 
concerninz such a complication, we believe that a current 
report of sur experiences is warranted. 


REPORT OF CASES 


Case 1.—4 79-year-old woman was admitted to the hospital with 
dysphagia. She was blind, partially deaf, and alcoholic, and had 
had a left rzdical mastectomy in 1965 for carcinoma. She was being 
treated for hypertension, and left ventricular hypertrophy had 
been disclosed by  eleetrocardiogram. Physical examination 
showed a :rail, elderly woman with lenticular opacity, normal 
thoracic findings, left radical mastectomy sear, and absent lower 
extremity pulses. There was no physical evidence of carcinoma. 
Blood pressure was 170/90 mm Hg. Chest roentgenogram 
disclosed ezrdiomegaly and a mass at the level of the aortic arch. 
Esophagogram suggested a malignant stricture at the level of the 
aortie arch. Esophagoscopy was confirmatory. Liver function tests 
and scanning gave normal results. During the evaluation, the 
patient hac increasing difficulty with swallowing and ability to 
control sali-a. | 

The patient was deemed not a candidate for resection and an 
endoesophazeal (Celestin) tube was placed. During the evening 
following irtubation, the patient was afebrile but had a tachycar- 
dia. An esophagogram (with diatrizoate sodium) disclosed 
displacemert of the tube below the cancer and a perforation of the 
esophagus at the level of the tumor (Fig 1). That evening, the 
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Fig 1.—Contrast escphagogram showing displacement of Celes- 
tin tube below obstructing cancer and perforation of esophagus 
at level of carcinoma. 


patient remained afebrile but developed subcutaneous air in the 
neck. Large intravenous doses of aqueous penicillin and gentami- 
cin sulfate were admmistered. She remained afebrile and had 
normal pulse rate anc blood pressure. A nasogastric tube was 
inserted for feeding and to control secretions. A week later, 
another esophagogram disclosed persistent leak. She later devel- 
oped a right pneumothorax that required thoracostomy. No fluid 
was obtained. During the next week, the various problems 
responded to intense management; the first Celestin tube was 
replaced 17 days following its placement. Subsequently, the tube 
was in appropriate position and the leak was attenuated (Fig 2). 
On the third postoperative day, she tolerated a liquid diet, and on 
the seventh postoperative day was discharged to a nursing home 
on a regimen that included a mechanical soft diet. She returned to 
the clinie for follow-up evaluation a month later and was able to 
swallow at that time. 

In summation, two complications associated with Celestin tube 
placement occurred. The tube was displaced to lie below the cancer 
either intraoperatively or postoperatively. Second, the esophagus 
was perforated at tne level of the cancer. Initial management with 
antibioties and gastric aspiration was begun. However, the 
patient's mediastinitis was mild, which facilitated her survival, 
and the decision was made to replace the Celestin tube. The second 
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Fig 2.—Esophagogram showing tube bypassing perforation seen 
in Fig 1. Leak is attenuated and obstruction is relieved by proper 
placement of Celestin tube. 


tube satisfactorily obturated the perforation and allowed pallia- 
tion. In retrospect, it appears that the tube should have been 
repositioned immediately. 

Case 2.—A 63-year-old man was hospitalized for evaluation of 
increasing dysphagia, inability to swallow saliva, and symptoms of 
aspiration with swallowing. He had undergone irradiation therapy 
eight months earlier for carcinoma of the esophagus. 

Barium swallow roentgenographic studies confirmed the 
presence of a tracheoesophageal fistula. After several days of 
rehydration, a Celestin tube was inserted. During the procedure, a 
dilator that had been passed through the esophagoscope was found 
to be in an extraluminal position behind the abdominal portion of 
the esophagus. The dilator was retracted and passed into the 
stomach, allowing placement of the Celestin tube. Therapy with 
cephalothin sodium, gentamicin sulfate, and clindamycin hydro- 
chloride was initiated immediately and continued for one week. 
Postoperatively, the patient had intermittent low-grade fever but 
no other sign of mediastinitis. He did have difficulty swallowing 
for several days, but esophagoscopy disclosed no obstruction of the 
tube. Noleak was seen on the postoperative esophagogram (Fig 3). 
The high position of the tube flange may have led to cricopharyn- 
geal dysfunction. However, this abated and the patient received 
satisfactory palliation despite a potentially lethal complication. 
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Fig 3.—Contrast esophagogram depicting proper placement of 
Celestin tube. No leak is apparent despite known instrumental 
perforation of esophagus 24 hours earlier. 


COMMENT 


Some reference to perforation of the esophagus result- 
ing from intubation procedures has been made in the 
literature.** The incidence of esophageal perforation is 
about 2.5%° and is associated with a finite mortality.’* 
Adams" reported that 15 of 23 patients died immediately 
from perforation, although therapy was not mentioned. 
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Crossling"* suggested that the tubes seal the perforation, 
but published no data to support that concept. 

Review of pertinent literature indicated similar circum- 
stances @ncerning the diagnosis and treatment of eso- 
phageal perforation. Others have apparently treated perfo- 
rations In similar cases in like manner with similar 
results.*- 

Because the unfortunate patient with advanced esophag- 
eal cancer and perforation is unlikely to tolerate major 
resection and reconstruction due to the inoperability of the 
neoplasm severe inanition, and very short life span, it 
seems rezsonable that a nonoperative approach is justi- 
fied. 

The data disclosed in this report suggest that the tubes 
do seal tae leak, certainly bypass the obstruction, and 
probably <eep saliva and gastric contents from contami- 
nating the mediastinum. Antibioties are probably helpful— 
a broad-s»ectrum drug or combination of antibioties are 
likely to be the most effective. 

Without data to support major operative procedures in 
patients sich as these, it would seem wise to avoid these 
maneuvers. If severe mediastinitis occurs even though 
proper placement of the tube has been achieved, drainage 
of the meeiastinum without resection might be beneficial. 
Resection should be limited to those patients in whom the 
tube was placed to allow peroral nutrition with anticipation 
of subsequent curative therapy or therapies. 


Nonproprietary Names and Trademarks of Drugs 


Cephalothir. sodium—Keflin. 
Gentamicin sulfate—Garamycin. 
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Phantom Breast Syndrome 


Kay Jamison, PhD; David K. Wellisch, PhD; Ronald L. Katz, MD; Robert O. Pasnau, MD 


è In this study of 41 women who underwent mastectomy, over 
half (54%) experienced phantom breast syndrome (PBS). Of 
these, 8096 had phartom breast pain. The majority of women 
(5896) did not report their symptoms to their physicians, despite 
the considerable interference in their lives from these symp- 
toms. Six variables were found to differentiate the women who 
had phantom breast syndrome from those who did not. All of 
these factors were closely related to the psychological aspects 
of mastectomy. Significant among these was that women who 
experienced PBS perceived both that they did not receive much 
emotional support from their surgeons, and that most of their 
emotional problems were secondary to the mastectomy. In these 
respects, they differed from women not reporting PBS. By early 
evaluation of each patient who is to undergo mastectomy, it 
should be possible to identify those at risk, to develop means to 
prevent the development of the syndrome, and to treat those 
women in whom the preventive attempts are unsuccessful. 

(Arch Surg 114:93-35, 1979) 


astectomy is a common operation, with approximately 
100,000 performed each year in the United States 
alone. Despite the fact that phantom breast sensation 
(defined as the continued sensory presence of the breast 
that has been removec) has been known since the time of 
Paré,’ there are only a small number of studies of the 
phenomemon and its prevention and treatment. Phantom 
breast sensation with pain {phantom breast pain) is so 
little known or recognized that as late as 1958, it was stated 
that there had never been a reported case of painful breast 
phantom.’ 


REVIEW OF LITERATURE 


In 1872, Mitchell wrote about phantom phenomena, noting, 
“These facts are not confined to lost limbs or parts of limbs. The 
amputated breast is cften felt as present.” 

It was not until the 1950s, however, that investigators began to 
report clinieal data on this phenomenon. Kolb, in 1954, reported on 
phantom phenomena in a 54-year-old nun.* The second case, that 
of a 36-year-old married woman with bilateral phantom breast 
pain, was reported by Bressler et al in 1955.* The small number of 
systematie studies done in the area are summarized in Table 
1,8-22 

Crone-Munzebrock, Simmel, and Jarvis" all found that young- 
er women tended to cemplain of phantom breast syndrome (PBS). 
In the largest study to date, Weinstein et al’? reported that 33.5% 
of a total of 203 women experienced phantom breast syndrome. 
They also noted that younger women experienced this phenome- 
non significantly more frequently. This group also studied the 
quality of the perceived sensations (whether painful, paresthetic, 
or natural) and found significant differences in quality related to 
the anatomical region in which the sensation was perceived in the 
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phantom.'* Woods" reviewed the psychological aspects of phantom 
breast syndrome and summarized the theories attempting to 
explain it. Among them were: (1) in women whose female identity 
is margina, the attempt to retain feminine identification and 
sexuality is expressed in the phantom breast; (2) the cultural 
significance attached to the breast enhances the reaction to the 
phantom breast syndrome; and (3) probably, psychological factors 
are more important in the phantom breast syndrome than are 
physical faetors. 

In an attempt to explore the interaction between physical and 
psychological factors in phantom breast phenomena, we studied 41 
women, looking at the physical, psychological, and interpersonal 
characteris-ies of those women who report the syndrome vs those 
who do not. Table 1 shows that PBS is not a new problem. This 
study is a preliminary attempt to further document and evaluate 
some of the variables associated with this phenomenon. Based on 
the results, strategies for prevention and treatment are 
suggested. 


METHODS 
Subjects and Procedures 


The 41 vomen who made up our sample had all undergone 
mastectomy (54% modified radical, 44% radical, 3% simple mastec- 
tomy) and were drawn from two sources: half came from the 
Women for Women self-help recovery group (started and primari- 
ly located in Los Angeles) and half came from the American 
Cancer Soc ety. Due to the entirely voluntary nature of our study, 
a self-selection factor almost certainly resulted in a somewhat 
biased sample. This is clear from the results o? the demographic 
analysis reported below. All of the women were given an extensive 
questionna re designed to examine various aspects of the mastec- 
tomy procedure, the woman's emotional responses prior to and 
following ter mastectomy, her perceptions of the effect the 
mastectom; had on her relationship with her husband, both 
sexually and generally, and her attitudes toward her surgeon and 
the nursing staff in the hospital. Additionally, the women were 
asked to complete the Locke-Wallace Marital Adjustment test, the 
Rotter Internal-External Locus of Control Scale, and the Eysenck 
Personality Inventory. 

For those women who answered that they had experienced PBS, 
further questions were asked about the timing and cireumstance 
of the first »xperience, the nature of the sensation, duration of the 
pain, diurnal variation in symptoms, and discussion of the symp- 
toms with -he physicians involved. 


Data Analysis 


The date from the questionnaire were coded, the personality 
data scored, and frequency distributions for all variables obtained. 
Means and standard deviations were computed for continuous 
variables, £ test or x? done for significance, and intercorrelations 
obtained fcr all continuous variables. 


RESULTS 
Characteristics of Sample 


The mean age of the total sample (N — 41) was 52.7 
years (rar ge, 32 to 70 years). The mean family income was 
approximately $15,000 per year. Eighty percent of the 
women were married, 10% widowed, and 10% single. Forty 
percent were Protestant, 35% Jewish, and 10% Catholic. 
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Table 1.—Previous Studies of Phantom Sreast Sensation 


No. 
of Incidence, Incidence 
Source, yr Patients % of Pain, % 


Crone-Munzebrock,* 1950 49 53 54 


Nonpainful Quaaities 
Hanging, heavy wesght, 


Associated Variables 
Younger age, weather, excitement 


swelling, & hardening 


Ackerly et al,’ 1955 50 22 18 


Itching, tingling, heaviness, 


During menses (2 cases), younger age 


moving 


Critchley,’ 1955 10 
` Bressler et al,’ 1956 

Simmel,” 1966 
- Jarvis," 1967 


Weinstein et al,’* 1970 





The mean number of months postmastectomy for our 
sample was 22, with a median of ten months. 


Premastectomy Behavior 


In describing the events leading up to mastectomy, 85% 
of the women stated that they were the ones who first 
discovered the lump or abnormality in their breasts; 13% of 
the lumps were discovered by physicians, and 2% by 
husbands or lovers. The mean number of days elapsing 
between the self-discovery of the lump and examination by 
a physician was 23.0 (SD, 34.6 days), with a median of six 
days. It is of both psychological and clinical interest to note 
that one of ten women waited longer than three months 
before notifying a physician. The mean length of time 
between initial medical examination and biopsy was 27 
days (mediàn, ten days), with the overwhelming majority 
of women (88%) undergoing their mastectomies immedi- 
ately following biopsy. Only 8% asked for a second opin- 
ion. | 

Phantom Breast Syndrome 


Of the 41 women in the total sample, 22, or 53.7%, had 
experienced some form of phantom breast sensation. 
Although 80% of the women who had PBS experienced the 
sensations primarily as pain, other common feelings in the 
breast phantom were tingling, itching, nipple contraction, 
erotic sensations, numbness, increased nipple sensitivity, 
burning, cramp-like feelings, and soreness described as 
being similar to premenstrual breast soreness. Seventy 
percent reported no diurnal variation in the sensations, 
while 20% reported a worsening during the day and 10%, a 
worsening at night. A majority of the women, 58%, did hot 
report their phantom breast sensations to their physicians, 
despite their considerable concern over the symptoms and 
the interference in their lives from these symptoms. 

In terms of the onset of PBS, 25% of the women 
experienced symptoms “immediately” or on the first post- 
operative day. Another 37.5% experienced symptoms after 
the first day but within the first week, while 37.5% 
experienced their first symptoms after the first week. 


Correlates of Phantom Breast Syndrome 


Those variables that correlated with the presence or 
absence of PBS are shown in Table 2. It can be seen that 
women who reported experiencing PBS were, in general, 
younger and tended to have a lower evaluation of their 


94 Arch Surg—Vol 114, Jan 1979 


Mild burning, itching 
Itching (62%) 


Tingling 





Awareness when moving in bed 
Weather, seeing operation site 
Younger age, artificial prosthesis 


Younger age, premenopause, & postoperative 
edema of arm 

Younger age, mastectomy prior to meno- 
pause, those with occupation (other than 
housewife) more likely to report phantom 
breast syndrome 


Table 2.—Characteristics of Women Reporting Phantom 
Breest Syndrome Compared With Those Who Did Not 


PBS No PBS 
(N = 22) (N = 19) 
RC aap TEE 
Variable 


T 3: E: E 


Du acr of relationship with 
spouse* 


Evaluasion of emotional support 
recewed from surgeony 

Increased use of tranquilizers 
afterssurgeryt 


Evaluation of overall emotional 
adjustment after surgery§ 
Percerzion of emotional prob- 


lems-as being due to mastec- 
tomy | 2.8 1.0 1.6 0.7 .001 


3.6 0.9 


*Range: 1 (excellent) to 7 (totally unsatisfactory). 

TRange: 1 (very supportive) to 4 (definitely unsupportive). 

iRange: 1 (much less than before diagnosis) to 5 (much more than 
before diaenosis). 

§Range: 1 (excellent) to 7 (very poor). 

i/Range: 1 (a great extent) to 4 (not at all). 


relationsnips with their husbands, and lower evaluations of 
the emotional support they received from their surgeons 
and of taeir overall emotional adjustment after surgery. 
They were also more likely to have increased use of 
tranquilizers after mastectomy and to perceive more of 
their emotional and life problems as being secondary to 
their surzery. 

The folowing variables did not appear to be related to 
PBS: race, religion; marital status; number of children; the 
scores or the Lock-Wallace Marital Adjustment test, the 
Internal Zxternal Locus of Control Inventory, and Eysenck 
Personal ty Inventory; income; level of perceived support 
from speuse, general physician, nursing staff while in 
hospital, friends, children, or other relatives; level of 
postsurgery alcohol use, sleep, libido, and suicidal ideation; 
and perceived level of premastectomy and postmastectomy 
sexual adjustment. Interestingly enough, the type of 
mastectamy (single, radical, or modified radical) did not 
correlate with PBS. 


COMMENT 


The foeus of this study was to compare the characteris- 
tics of women who experienced PBS with those who did 
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not. All of the six : significant v: var ab les s that distinguish t the | 
PBS group (54%) can be shown to be closely related to the 
psychological aspects o^ mastectomy. 

In our study, age was shown to be a significant factor. 
This finding is consistent witk the findings of the previous 
studies.“ It is also consistent with our general knowl- 
edge about the sexual cycle and life cycle in women. Not 
only does the breast have more significance in terms of 
sexual function anc infant feeding for younger women, 
but also, the loss of the breast may come at a time when the 
women is not psychologically prepared to deal with the 
losses that aging gradually orings. The postmenopausal 
woman may be better prepared to accept the inevitable and 
gradual physical changes. That this is not always the case 
is also shown in our study. Eowever, the general concept 
should be that the younger the woman, the more likely she 
is to suffer adverse postmastectomy sequellae, including 
phantom breast syrdrome. 


The finding that women wno have a better relationship 


with their spouse heve signifieantly lower incidence of PBS 
is interesting in two ways The finding points to the 
common observation of physicians that patients who have 
good interpersonal relationships tend to focus less on 
physieal symptoms and recover more quickly in the postop- 
erative period. It also may »oint out the great need for 
emotional support in the postmastectomy period. Katz and 
Katz" have described the difference in the incidence of 
phantom pain between Ameriean and French soldiers who 
underwent amputation as a result of World War II. Much 
of the outcome seemed related to the difference between 
the social and psychological support systems developed for 
the two groups. This finding is important, therefore, in 
terms of treatmert. If it can be determined before the 
surgery that the social support or psychological support or 
both is not available from th» spouse, some attempt can be 
made to provide the necessary help. It also is important to 
identify such a patient as being at greater risk for the 
development of PBS. 

One of the most important findings for the medical 
profession is the significant y decreased incidence of PBS 
in women who perceive strong emotional support from the 
surgeon. This fincing suggests that the surgeons them- 
selves may hold ar importart key to the prevention of this 
phenomenon. This finding not only supports the thesis that 

psychological factors are important in the development of 
this syndrome, but also indieates the need for public 
knowledge and Tietessional edueation. Obviously, surgeons 
must be educated 10 discuss this matter with each patient 
and provide as much support as possible in the premastec- 
tomy and postmastectomy periods. Many surgeons with 
whom we have spoken are reluctant to discuss such issues 
with their patients because they believe that such discus- 
sions may suggest des ca patients who would other- 
wise not experienee them. Cur survey suggests exactly the 
opposite. Of the more than half of the women who experi- 
enced phantom breast syndrome, 58% did not discuss their 
problem with the surgeon, despite often considerable inter- 
ferenee from the syndrome If it is found that the surgeon 
is unable to provide the necessary education and support, it 
may be desirable to find ancther member of the health care 
team to do so. 


‘ 
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. It should be noted that these results were derived nias 
selfadministered questionnaires, rather than clinical inter- - 
views. The logical extension of this work is clinical inter- 
viewing, which would permit more thorough evaluation of | | 
these findings. Furthermore, it is probable that PBS isa — — 
relatively small issue in relationship to the overwhelming 
psychosocial issues confronting a woman following a 
mastectomy.'^!* 

The findings that women who experience PBS use more 
tranquilizers, feel that they are less well adjusted, and 
focus on the mastectomy as the source of their problem — 
underscores the need of the health professions to develop 
programs for prevention and treatment. Whether or not 
the better adjusted person preoperatively will be a less 
likely candidate for the development of phantom breast : 
syndrome cannot be determined from our data. Clinical 








experience indicates that the ability to cope with any stress df 3 
(including PBS) is related to emotional adjustment and — 
experience. Our study does indicate that there are often — ^. 


serious emotional sequellae of PBS that may require active — 


DA 

treatment and follow-up care. ES. 
CONCLUSION E 

The phenomena of phantom breast sensations and phan- A ^ 
tom breast pains, which are unrecognized by many physi- — ^. 
cians, in fact pose serious problems for a majority of 
mastectomy patients. There is a need for increased aware- —— 


ness on the part of the medical profession and for simple — 
preventive efforts that may aid physicians in their postop- . — 
erative treatment of these patients. E 


Computing assistance was obtained from the Health Sciences Computing Em 
Facility, Uriversity of California at Los Angeles, supported by National m 
Institutes cf Health Special Research Resources grant RR-3. Donald m 
Guthrie, PhD, the American Cancer Society, and the Women for Women NX 
organization provided assistance. 3 
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€ Two transplant procedures have been investigated in which 
one third of the pancreas was autotransplanted into the splenic 
pulp of dogs. The two procedures consist of simple mechanical 
dissociation of the pancreas or mechanical dissociation 
followed by collagenase digestion. The ability of the endocrine 
segment of the transplant to survive and function was assessed 


. by stimulation with arginine and measurement of insulin and 


glucagon response. The results demonstrate that both transplant 
procedures result in functioning beta and alpha cells that rapidly 


secrete both insulin and glucagon in response to arginine 


stimulation. However, greater insulin responses were obtained 
when mechanically dissociated but nonenzyme digested 
pancreatic tissue was used for transplantation. The spleen 
appears to be an excellent transplant site for the reception of 
endocrine pancreatic tissue and allowed both beta and alpha 
cells to survive following transplantation. 

(Arch Surg 114:96-99, 1979) 


T ransplantation of isolated pancreatic islets is an area 
of research undergoing intensive investigation in 
many centers. Most research, however, has been carried out 
on rodents, because of the relative ease with which uncon- 
taminated islets can be isolated from the exocrine 
pancreas. When these isolation techniques are applied to 
the pancreas of humans, however, the yield of pure islets is 
very low. In order to cireumvent the problems associated 
with isolating uncontaminated and intact islets from the 
human pancreas, Mirkovitch and Campiche' attempted 
transplantation of enzyme digested but unseparated 
pancreatie tissue using a dog model. As the consistency of 
the dog panereas is very similar to that of the human, it 
serves as a much better animal model in order to define the 


optimal conditions of tissue dissociation for islet survival 


and function. 

Using this model, Mirkovitch and Campiche obtained 
success in correcting hyperglycemia in totally pancreatec- 
tomized dogs by autotransplantation of part of the dogs’ 
enzyme digested pancreas into the splenic pulp. They also 
demonstrated elevated insulin levels in the splenic venous 
effluent in transplanted dogs. Kretschmer et al’? have 
recently reported similar results and found that transplan- 
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tation of mechanically dissociated but undigested pan- 
creatic tssue had no corrective effect on the hyperglyce- 
mia of pancreatectomized dogs. They determined that it 
was necessary to digest the pancreatic tissue with the 
enzyme collagenase, in order to obtain transplant function. 
The resilts to date quantitating insulin secretion by 
intraspleaic transplants of pancreatic tissue are meager 
and to oar knowledge there are no reported studies on 
glucagon secretion by transplanted pancreatic islets. 

This reoort documents our studies quantitating insulin 
and glucagon secretion by intrasplenic transplants of both 
enzyme eigested and nondigested pancreatic tissue in 
response -o arginine stimulation. 


MATERIALS AND METHODS 
Technique of Transplantation 


Healthy adult mongrel dogs, of either sex, were used for all 
experiments and were divided into two groups of five animals 
each. Both zroups underwent autotransplantation of one third of 
their own pancreas into the spleen and were subsequently moni- 
tored and =udied in exactly the same way. The method of dealing 
with the pencreas prior to transplantation was different for the 
two groups 

Group A.-Animals were anesthetized with pentobarbital and 
the panereas was exposed by laparotomy. The horizontal portion of 
the pancress was freed of its blood supply, and a point selected to 
isolate approximately one third of the total bulk of the pancreas. 
The main rancreatie duct to this segment was then isolated and 
cannulated with a fine cannula. The segment to be resected was 
then distemled by retrograde injection of 20 ml of balanced salt 
solution cortaining 20 mg of collagenase. The removed segment 
was then rapidly diced into 1 to 2 mm segments with a specially 
designed cutter (Fig 1). The cutting process using this machine 
results in rapid dicing of the pancreas into small, clean segments, 
with minimal cellular damage. After washing of the diced tissue, 
collagenase (5 mg/ml of diced tissue) was added, and the tissue 
incubated a 37 °C with gentle shaking for 15 minutes. At the end 
of incubatien, the digested tissue was washed twice with salt 
solution (containing aprotinin, 100,000 units/liter) and aspirated. 
into a 20-ml syringe. The tissue was then transplanted by piercing 
the spleen zt one pole with a metal cannula and dispersing the 
tissue into fhe splenic substance in several lines by withdrawing 
and advanciag the cannula. The technique of digestion was similar 
to that desc-ibed by Mirkoviteh and Campiche.' 

Group B.—The horizontal part of the pancreas was isolated as for 
group A, but disrupted by retrograde distention with 20 ml of 
saline. The removed pancreas was then diced with the cutter to 
segments measuring 0.1 to 1 mm in diameter (Fig 2). The tissue 
was washed -wice during the cutting procedure with balanced salt 
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Fig 1.—A through D, Design of apparatus to dice pancreatic tissue 
into small segments. Scissor action of blades results in clean 
cutting action with minimal cell destruction. Using cutter, 
pancreas can be reduced to 1-mm fragments within one 
minute. 


solution containing aprotinin, 100,000 units, and pilocarpine 
hydrochloride, 200 mg/liter. The diced tissue was then trans- 
planted as for group A. 


Methods of Study 


To assess the ability of transplanted tissue to secrete hormones 
in response to stimulation, the spleen was exposed by laparotomy. 
The main splenic artery and vein were then isolated and all minor 
accessory vascular connections to the spleen were ligated. The 
splenie vein and aorta were cannulated for blood sampling. 

Any small veins draining from the pancreas into the proximal 
splenic vein were divided so that no pancreatic venous effluent 
entered the splenic vein within 5 em of the point at which the 
sampling catheter entered the splenic vein. As a further safeguard 
against pancreatic venous blood contaminating that from the 
spleen, a loose silk tie was passed under the splenic vein, distal to 
the sampling catheter. Traction on this silk tie, during the actual 
sampling procedure, effectively prevented any reflux of pancreat- 
ic blood back into the sampling catheter. 

The transplanted intrasplenic pancreas was then stimulated by 
injection of arginine (either 60 mg in 0.6 ml or 300 mg in 3 ml) into 
the splenic artery. 3lood samples were taken simultaneously from 
both the splenic vein and the aorta at thirty 60-second intervals for 
64 minutes following :nfusion of the arginine and serum samples 
were assayed for irsulin and glucagon. The large dose of arginine 
was occasionally found to minimally stimulate the dogs’ residual 
nontransplanted pancreas, although elevations in serum insulin 
and glucagon levels due to secretion by the transplanted intrasple- 
nic pancreatic tissue could readily be distinguished by simulta- 
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Fig 2.—Sample of diced pancreatic tissue used for transplantation 
in group B dogs. 


neously sampling both splenic venous effluent and aortic blood. 
The smaller dose of arginine was insufficient to cause detectable 
stimulation of nontransplanted residual pancreatic tissue, but was 
previously found to also cause slightly less stimulation of intra- 
splenic transplanted islets. Dogs were studied on at least one 
occasion at between three and 21 weeks after transplantation, In 
all cases where there was a positive insulin and glucagon response 
by three to six weeks after transplantation, a similar positive 
response was obtained when restudied at up to 21 weeks. 

In dogs undergoing total pancreatectomy, the long-term seque- 
lae of chronic pancreatic exocrine insufficiency invariably devel- 
ops. In order to maintain animals in good health, total pancreatec- 
tomy was not performed and hence, the ability of the transplanted 
tissue to prevent diabetes was not assessed. Statistical comparison 
between groups was determined using the Wilcoxin rank test. 


Insulin Assay 


Plasma immunoreactive insulin was measured by radioimmu- 
noassay using insulin I 125 purified by ion-exchange technique’ 
and chareoal-dextran separation.‘ Assay sensitivity was always 2 
„U/ml. A laboratory control plasma was routinely included in each 
assay. 


Glucagon Assay 


Plasma immunoreactive glucagon was measured by radioimmu- 
noassay using a C-terminal reactive antiserum, RCSS, regarded as 
being specific for pancreatic glucagon, but proved to have low 
affinity for gut extracts containing glucagon-like material. 
Glucagon I 125 was prepared as described by Jorgensen and 
Larsen* and separation of bound and free hormone was by the 
charcoal-dextran technique. Purified crystalline glucagon was 
employed as standard, and the standard curve calculated by 
incubation of the standards in glucagon free plasma. Mean assay 
sensitivity was 15 pg/ml. 


RESULTS 
Insulin Secretion 


Group A.—Nonstimulated splenic venous insulin levels 
varied between dogs, with a mean level of 30.2 + 4.5 uU /ml 
(SEM) significantly greater than the mean of 22.0 + 5.1 
pU/ml for aortic blood (P < .01). The elevated splenic 
venous insulin levels indicate chronic insulin secretion by 
the pancreatic endocrine transplant within the spleen. The 
level of insulin in the splenic venous effluent rose following 
arginine stimulation in all five dogs. The peak insulin level 
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Fig 3.—Insulin and glucagon level of blood simultaneously drawa from aorta and splenic vein following 
injection of arginine into splenic artery. Left, Dogs undergoing trensplantation by method A. Right, Dogs 
undergoing transplantation by method B. Solid line indicates coneentration in splenic vein serum; broken 


line, concentration in aortic blood serum. 


was reached within 3⁄2 minutes of infusing the arginine in 
all cases (Fig 3, left). The greatest increase was seen in dog 
3, in which insulin levels rose from 51 „U/ml to 250 uU /ml. 
The mean increase for all five dogs was 57.9 »U/ml. In 
most cases, there was a slight rise in aortie blood insulin 
levels, but this was consistently less than peak splenic 
venous levels. The rise in aortic blood insulin concentration 
is probably due both to recirculation of insulin secreted by 
the intrasplenic islets, and possibly also from slight stimu- 
lation of the dogs residual nonresected pancreas. 

Group B.—The mean nonstimulated splenic venous insu- 
lin level of 23.6 + 3.3 uU /ml was significantly higher than 
resting aortic blood levels of 12.4 + 1.5 „U/ml (P < .01). 
There was no significant difference, however, between the 
nonstimulating splenic venous insulin levels between dogs 
in group A and B (P > .05). In four of the five dogs, there 
was a significant rise in insulin secretion by transplanted 
islets following arginine stimulation (Fig 3, right). In three 
animals, splenic vein insulin levels exceeded 200 „U/ml 
following stimulation. The mean maximum increase for 
the four successful transplants was 195.8 „U/ml, com- 
pared to a mean increase of only 57.9 „U/ml for animals in 
group A. 

Although no apparent arginine-induced rise in insulin 
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secretion was obtained in one animal (dog 6), the fact that 
the nons&mulated splenic vein insulin level was greater 
than that of the systemic circulation does attést to some 
beta cell function and insulin secretion. In this one unsuc- 
cessful transplant, insulin levels rose in the aorta before 
being detected in the splenic venous effluent, indicating 
the insulir response was derived from the animals residual 
nontransplanted pancreas. 


Glucagon Secretion 


Group ^.—Comparison of resting, nonstimulated gluca- 
gon levels between splenic venous and aortic blood did not 
reveal an7 consistent trend (Fig 3, left). Splenic venous 
levels sometimes exceeded and sometimes were less than 
aortic levels. However, the overall mean splenic venous 
glucagon evel of 142 + 27 pg/ml slightly exceeded the 
mean aortic level of 129 + 19 pg/ml. Following arginine 
stimulation, there was a pronounced rise in glucagon 
concentration in splenie venous blood, in comparison with 
that of the aorta, in four of five dogs. In one animal (dog 5), 
no glucagen response was obtained. Peak splenic venous 
levels wer2 reached with 4% minutes of infusion of the 
arginine. The greatest rise was in dog 2, where splenic vein 
levels rose from 139 to 1,000 pg/ml at one minute following 
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~~ tion in the four positive responses was 356 + 172 pg/ml. As 


with insulin levels, there was a slight rise in aortic blood 
levels, exeept in the one nonresponding transplant, in 
which case the aortic level exceeded that of the splenic 
vein. 

Group B.—As found in group A animals, there was no 
significant difference between nonstimulated splenic vein 
glucagon levels (87 + 33 pg/ml) and aortic levels (80 + 29 
pg/ml). In four of five animals, a definite rise in splenic 
vein glucagon concentration was obtained following stimu- 
lation with arginine, indicating an alpha cell response. In 
the fifth animal (dog 10), there was considerable variation 
in glucagon levels between blood samples taken from the 
splenic vein, but ne significant response was obtained. The 
mean rise in glucagon concentration in the four positive 
responders was 207 + 44 pg/ml, which was considerably 
less than that obtained in group A animals (356 + 172 
pg/ml). 


COMMENT 


Recent reports have indicated that pancreatic islets can 
survive and function following transplantation of digested 
but unseparated pancreatic tissue into the spleen.'^ This 
has been indicated bv the ability of transplanted pancreat- 
ic endoerine tissue to correct hyperglycemia in totally 
pancreatectomized dogs. It would also appear that it is not 
necessary to isolate the endocrine islets from the exocrine 
pancreas prior to transplantation. Despite the presence of 
viable exocrine tissue in the spleen, sufficient islets appear 
to be able to survive to maintain the endocrine require- 


ments of transplanted animals. It has recently been 


suggested that simple mechanical dissociation of the 
pancreas is insufficient to allow the endocrine transplant 
to survive following intrasplenic transplantation, and that 
collagenase digestion is a necessary requirement for 
success.'* No studies to date have quantitated the ability of 
endocrine transplants to secrete glucagon and consequent- 
ly, no positive information has been obtained regarding 
the ability of transplanted alpha cells to function in their 
new posttransplantation environment. 

Our results indicate that either of the two techniques 
used to prepare the pancreas prior to transplantation will 
result in a functioning endocrine graft when transplanted 
into the splenic pulp. These results are in contrast with 
previous reports that indicate that simple dissociation of 
the pancreas is insufficient to result in functioning endo- 
crine tissue. In fact, in three of the five dogs that received 
pancreatic fragments prepared only by dicing into fine 
segments, the imsulin response was greater than for any of 
the degs that received both diced and enzyme digested 
pancreas. Although one animal in group B did not demon- 
strate an insuin response to arginine stimulation, the 
results of the other four dogs suggest that simple mechan- 
ical dissociation of the panerens results in greater insulin 
response than when the pancreas is also subjected to 
collagenase digestion. | 

Four animals ir. each of the two groups demonstrated a 
positive glucagon response to arginine stimulation. In 
contrast to the results for insulin, the absolute rise in 
glucagon tended zo be greater in animals receiving colla- 
genase digested pancreatic tissue. The relative importance 


Arch Surg—Vol 114, Jan 1979 


given to a diabetic recipient remains speculative. These — 


results, however, do demonstrate that alpha cells do survive 
the transplant procedure and can readily respond to an 
appropriate stimulus in their new environment. 


This investigation was supported by the Rowden White Foundation and 
Australian Kidney Foundation grant AKFG 11/77. 


Nonproprietary Names and Trademarks of Drugs 


Aprotinin—Trasylol. 
Insulin I 125—Jnusay-125. 
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Editorial Comment 


Transplantation of pancreatic islet tissue remains an intriguing 
but, so far, clinically unproved method for controlling the meta- 
bolic abnormalities of diabetes mellitus and possibly, for prevent- 
ing its life-endangering complications. Among the many problems 
associated with adapting experimental techniques of islet cell 
transplantation to the therapy of patients are the facts that the 
separation of islet cells from the exocrine pancreatic tissue is much 
more easily accomplished in rodents than in large mammals, 
including man, and that substantial losses of islet cells occur 
during isolation procedures, even in the more experienced labora- 
tories. A possible solution to this problem was reported recently by 
two groups of researchers'* who found that successful autotrans- 
plantation of pancreatic islets could be accomplished in larger 
animals by enzymatic digestion of pancreatic tissue without an 
attempt at islet cell separation. The authors of the present article 
have reported what clearly appears to be successful engraftment 
of autogenous pancreatic islet tissue in dogs following simple 
mineing of the pancreas without enzymatic digestion. This 
simplified procedure, in the hands of these workers, produced 
superior results, with respect to insulin output, than enzymatic 
digestion of the pancreatic tissue. If these results can be 
confirmed, the technique described represents an advance in 
dealing with the logistical problem of harvesting tissue for islet 
transplantation in large mammals, including man. The authors 
recognize that their results are at variance with those recently 
reported by at least one group of workers’ who achieved successful 
transplantation of enzyme digested but unseparated pancreatic 
islets, but failed to achieve successful engraftment with undi- 
gested pancreatic tissue. 

While the results reported may represent a significant advance 
in the harvesting of pancreatic endocrine tissue, they do not 
address the major problem of rejection of allografted islet cells by 
the transplantation immune response of the host, a response to 
which islet tissue appears to be particularly sensitive. 

JOHN A. MANNICK, MD 
Boston 
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sum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do 
not mix or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasi- 
ble to administer Valium directly I.V., it may be 
injected slowly through the infusion tubing as 
close as possible to the vein insertion. 

Administer with extreme care to elderly, very ill, 
those with limited pulmonary reserve because of 
possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other 
CNS depressants increases depression with in- 
creased risk of apnea; have resuscitative facilities 
available. When used with narcotic analgesic, 
eliminate or reduce narcotic dosage at least V5, 
administer in small increments. Should not be 
administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital 
signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring com- 
plete mental alertness (e.g., operating machinery, 
driving). 

Has precipitated tonic status epilepticus in pa- 
tients treated for petit mal status or petit mal var- 
iant status. 

Withdrawal symptoms (similar to those with bar- 
biturates, alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdomi- 
nal/muscle cramps, vomiting, sweating). Keep 
addiction-prone individuals under careful surveil- 
lance because of predisposition to habituation/ 
dependence. 


Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should al- 
most always be avoided because of in- 
creased risk of congenital malformations 
as suggested in several studies. Consider 
possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
if they intend to or do become pregnant. 


bie VALIUM 






5 mg/ml 


Not recommended for OB use. 


Efficacy/safety not established in neonates (age 
30 days or less); prolonged CNS depression ob- 
served. In children, give slowly (up to @ 25 mg/kg 
over 3 minutes) to avoid apnea or prolonged 
somnolence; can be repeated after 15 t5 30 min- 
utes. If no relief after third administraticn, appro- 
priate adjunctive therapy is recommenced. 


Precautions: Although promptly contreed, sei- 
zures may return; readminister if necessary; not 
recommended for long-term maintenance 
therapy. 

If combined with other psychotropics or anticon- 
vulsants, carefully consider individual pnar- 
macologic effects—particularly with known com- 
pounds which may potentiate action of /alium 
(diazepam), i.e., phenothiazines, narco ics, bar- 
biturates, MAO inhibitors, antidepressaats. Pro- 
tective measures indicated in highly an»ious pa- 
tients with accompanying depression wao may 
have suicidal tendencies. Observe usua precau- 
tions in impaired hepatic function; avoic accumu- 
lation in patients with compromised kidney func- 
tion. Laryngospasm/increased cough re lex are 
possible during peroral endoscopic procedures; 
use topical anesthetic, have necessary oun- 
termeasures available. Hypotension or muscular 
weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use ower 
doses (2 to 5 mg) for elderly/debilitatec. 

Adverse Reactions: Drowsiness, fatigue ataxia, 
venous thrombosis/phlebitis at injection site, con- 
fusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, temor, 
vertigo, constipation, nausea, incontinemce, 
changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotension, b urred 
vision, diplopia, nystagmus, urticaria, s«n rash, 
hiccups, changes in salivation, neutropenia, 
jaundice. Paradoxical reactions such as.acute 
hyperexcited states, anxiety, hallucinations, in- 
creased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; 
should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, 
laryngospasm/pain in throat and chest Fave been 
reported in peroral endoscopic procedwies. ISo- 
lated reports of neutropenia, jaundice; periodic 


ia promptly controls anxiety/ 
tension before and after surgery 
C diminishes pain-related anxiety 


C narcotic analgesic dosage can 
and should be reduced 


can help the surgical patient 
every step of the way 


i.e., dorsum of hand or wrist. Use extreme care to 
avoid intra-arterial administration or extravasa- 
tion. Do not mix or dilute Valium with other solu- 
tions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium (diazepam) di- 
rectly I.V., it may be injected slowly through the 
infusion tubing as close as possible to the vein 
insertion. 

Moderate psychoneurotic reactions, 2 to 5 mg 
I.M. or I.V. and severe psychoneurotic reactions, 
5 to 10 mg I.M. or I.V,, repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. 
or I.V. initially, then 5 to 10 mg in 3 to 4 hours if 
necessary. Muscle spasm, in adults, 5 to 10 mg 
I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger doses); in 
children, administer I.V. slowly; for tetanus in in- 
fants over 30 days of age, 1 to 2 mg I.M. or I. LV, 
repeat every 3 to 4 hours if necessary; in children 
5 years or older, 5 to 10 mg repeated every 3 to 4 
hours as needed. Respiratory assistance should 
be available. i 

Status epilepticus, severe recurrent convulsive 
seizures (|.V. route preferred), 5 to 10 mg adult 
dose administered slowly, repeat at 10- to 15- 
minute intervals up to 30 mg maximum. Repeat 
in 2 to 4 hours if necessary keeping in mind 
possibility of residual active metabolites. Use cau- 
tion in presence of chronic lung disease or un- 
stable cardiovascular status. Infants (over 30 
days) and children (under 5 years), 0.2 to 0.5 mg 
slowly every 2 to 5 min., up to 5 mg (I. V. pre- 
ferred). Children 5 years plus, 1 mg every 2 to 5 
min., up to 10 mg (slow I.V. preferred); repeat in 2 
to 4 hours if needed. EEG monitoring may be 
helpful. 

In endoscopic procedures, titrate |. V. dosage to 
desired sedative response, generally 10 mg or 
less but up to 20 mg (if narcotics are omitted) 
immediately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes 
prior to procedure. As preoperative medication, 
10 mg I.M.; in cardioversion, 5 to 15 mg |.V. within 
5 to 10 minutes prior to procedure. Once acute 
symptomatology has been properly controlled 
with injectable form, patient may be placed on 
oral form if further treatment is required. 
Management of Overdosage: Manifestations in- 





blood counts, liver function tests advisatle during clude somnolence, confusion, coma, diminished 


long-term therapy. Minor EEG changes. usually 
low-voltage fast activity, of no known sigr ificance. 
Dosage: Usual initial dose in older children and 
adults is 2 to 20 mg I.M. or I.V., depending on 
indication and severity. Larger doses ma” be re- 
quired in some conditions (tetanus). In acute 
conditions injection may be repeated win 1 
hour, although interval of 3 to 4 hours is usually 
satisfactory. Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or debili ated pa- 
tients and when sedative drugs are added. (See 
Warnings and Adverse Reactions.) 

For dosages in infants and children seebelow; 
have resuscitative facilities available. 

I.M. use: by deep injection into the muscle. 

IV. use: inject slowly, take at least one ru.nute for 
each 5 mg (1 ml) given. Do not use smaíie veins, 


reflexes. Monitor respiration, pulse, blood pres- 
sure; employ general supportive measures, |.V. 
fluids, adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. 
Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, 
boxes of 1; Tel-E-Ject® (disposable syringes), 2 
ml, boxes of 10. Each ml contains 5 mg diazepam 
compounded with 40% propylene glycol, 10% 
ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as 
preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Hand-Held Toy Squeaker During Carotid 


Endarterectomy in the Awake Patient 


Lawrence Spielberger, MD; Herman Turndorf, MD; Alfred Culliford, MD; Anthony Imparato, MD 


* A toy squeaker held by the patient in the contralateral hand 
is used to monitor cerebral circulation during carotid endarter- 
ectomy. Regional anesthesia—cervical plexus block—allowed 
the patient to cooperate and give useful information, especially 
during the crucial period of test clamping. In a series of 300 
cases, during a period of five years, it was instrumental in 
avoiding brain damage in 6% of the cases. 

(Arch Surg 114:103-104, 1379) 


he wide variety of techniques employed to monitor 

neurologic integrity of patients undergoing carotid 
artery surgery include, in the anesthetized subject, electro- 
encephalography, measurement of internal jugular hemo- 
globin saturatiom, and measurement of carotid artery 
stump pressure, while frequent clinical observations of the 
level of consciousness hav? been used in the awake patient 
anesthetized with regional block. 

At New York University Medical Center, New York, 
nearly all carotid artery reconstructions are done in the 
awake patient using a regional anesthetic technique, 
primarily because this method allows for clinical assess- 
ment of the adequacy of eerebral perfusion during periods 
of carotid artery. occlusion (A. M. Imparato, MD, T. E. 
Riles, MD, G. E. Kim, MD, unpublished data). Although the 
possibility of any patient not tolerating carotid artery 
clamping is assessed preoperatively from the preoperative 
angiographic study,* this estimate is by no means conclu- 
sive and is therefore not relied on. Rather, during the past 
five years, in a series of approximately 300 operations, we 
have simplified the technique of neurological monitoring 
by placing a toy squeaker in the patient's contralateral 
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hand during carotid artery surgery and by periodically 
asking the patient to squeeze the toy (Figure). This is much 
simpler than asking the patient to talk or to move extrem- 
ities. 

The value of this inexpensive and simple technique is 
illustrated by the following two experiences, although it 
has proved to be useful in over 6% of all patients undergo- 


DES 
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ing carotid surgery who either did not tolerate clamping | 


originally or in whom cerebral ischemia developed during 
the procedures. 


TECHNIQUE 


Case 1.—A 56-year-old man complained of episodes of dizziness 
and syncope. A loud bruit over the left carotid artery was noted 
and a blood pressure difference was found between the upper 
extremities. Angiography demonstrated 99% stenosis of the left 
common carotid artery at the bifurcation and a subclavian steal 
syndrome. The right common carotid artery was totally 
obstructed. 

Vascular reconstruction was planned in two stages. An axilloax- 


Examples of inexpensive toy squeakers. 
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E: illary artery bypass was done with the patient under general 
-  anesthesia.* Seven days later, a left carotid endarterectomy was 


. using a total of 200 mg of 1% etidocaine. Crossclamping was 
- tolerated without difficulty. Vascular reconstruction was accom- 
= plished with a vein patch angioplasty. 
3 The patient was conscious, cooperative, oriented, and able to 
— signal periodically with the toy placed in his right hand. Prior to 
= skin closure, while hemostasis was being established, the absence 
— of the reassuring sound of the toy squeaker alerted us to the 
possibility of a serious and evolving neurologic deficit. The patient 
was noted to be flaccid and unresponsive. Respiratory and circula- 
— tory indices, as measured through a catheter placed in the radial 
~ artery, stayed within normal limits. Methylprednisolone, 500 mg, 
heparin sodium, 3,000 units, and mannitol, 25 g, were given 
expeditiously. An intraoperative angiogram was immediately 


. Obtained and revealed intraluminal irregularity in the recon- 


= structed segment.* The carotid artery was isolated and the recon- 
= structed segment opened. Platelet and fibrin debris were found in 
. the endarterectomized and reconstructed carotid artery. The 
internal carotid artery was opened for an additional 2 cm and an 
unsuspected small obstructing plaque was removed. The recon- 
struction was completed with a vein patch angioplasty and after 
.. blood flow was restored to the internal carotid artery, the patient 
_ regained consciousness, approximately 45 minutes after first 
— evidence of obstruction. He had a transient weakness of the 
- shoulder and extensors of fingers of the right upper extremity 
lasting two days. A postoperative tendency for hypertension was 
easily controlled with an infusion of sodium nitroprusside. He 
made an uneventful recovery and was discharged from the 
hospital in seven days. 
Case 2.—A 60-year-old man with a history of multiple transient 
ischemic attacks underwent bilateral carotid endarterectomies for 
= severe stenosis. Surgery on.the left side was uneventful. 
Four days after this procedure, the right side was anesthetized 
Ee . with 200 mg of 1% etidocaine. On clamping the internal carotid 
artery, after administration of 3,000 units of heparin sodium 
intravenously, the patient stopped squeezing the hand-held toy 
~ squeaker. Alerted by the absence of this reassuring sound, it was 
noted that the patient was flaccid and unresponsive. The clamp 
was promptly removed and consciousness returned, with the 
ability to signal with the hand-held toy squeaker. Following this, 
= blood pressure elevation of 30 to 50 mm Hg over the resting blood 
|. pressure was achieved with dilute metaraminol bitartrate solution. 
When this did not improve tolerance to carotid artery clamping, an 
additional 2,000 units of heparin sodium solution was administered 
and a Javid shunt was used. The endarterectomy was uneventfully 
completed. The patient was discharged from the hospital four days 
later with no neurologic deficits. 


COMMENT 


The most critical phase of any carotid arterial recon- 
struction is that time when the carotid arteries are 
occluded. This has been well recognized and has led to the 
development of monitoring techniques described in the 
introduction to this report. Jugular venous hemoglobin 
saturation, carbon dioxide content, and pH determinations 
have given a probable index of total cerebral blood flow, 
but have not reliably indicated the occurrence of severe 
focal neurologic deficits that can be detected in the 
conscious patient without producing significant alterations 





104 Arch Surg—Vo! 114, Jan 1979 





C2 ] 3 E p at a nii " ata sine 


P he i 
E T" 


in the juzular venous blood gas levels.'* 

Carotic stump pressures have been measured in 
conscious patients. It has been found that patients may 
have uncsually low stump pressures, with no signs of 
neurologi* deficits, while normally high pressures may be 
associated with severe neurologic deficits.’ Electroenceph- 
alographi* monitoring in conscious patients has also proved 
to be unreliable.’ 

Some centers routinely employ indwelling shunts during 
carotid artery reconstructions.‘ The routine use of these 
shunts in our experience has resulted in a 5% incidence of 
nonfunctioning of the shunts, usually due to atherosclerotic 
plaque or thrombus in the common carotid artery. The 
periods of transient cerebral ischemia that are attendent 
on the use of the shunts in those who most urgently need 
them may lead to serious worsening of neurologic deficits. 
Safe clamoing time for the common carotid artery is not 
known, bet it is suspected that periods as short as two 
minutes may lead to irreversible neurologic deficits. Inser- 
tion of a shunt may lead to embolization. The risks may 
outweigh the benefits." 

The routine use of hypertension has been attendant with 
the increased risk of perioperative and postoperative acute - 
myocardia. infarction and, because it is physiologically 
unsound, Fas been abandoned." Because of the above- 
mentioned difficulties in neurologically monitoring anes- 
thetized petients, carotid artery reconstructions at New 
York University Medical Center have been carried out 
under regicnal anesthetic techniques. We believe the hand- 
held toy scueaker is a valuable adjunct and provides a 
method for continuous intraoperative neurologic monitor- 


ing. 


Nonpreprietary Names and Trademarks of Drugs 


Etidocaine—Juranest. 
Sodium nitrcprusside— N?pride. 
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3,500,000 A 
patients treated 


A first-choice aminoglycoside for initial therapy* 
in suspected gram-negative infections'° 


in nearly a decade of clinical use, GARAMYCIN Injectable has 
been used in more than 5,500,000 patients— successfully in the 
great majority. 

The drug has been the subject of 6,500 published papers and 
29 international The 


cu mycin 


(gentamicin oA 80mg./2ml.) 


dvantage 


“The decision to continue therapy with this drug should be based on the results of suscepti- 
bility tests, the severity of the infection, and the important additional concepts contained in 
the Waraings BOX. Piease see following page for Brief Summary of Prescribing Information 





The Garamycin 





(gentamicin sulfate 80mg./2ml.) 


Advantage 


Brief Summary of Prescribing Information 


GARAMYCIN® Injectable, brand of gentamicin 
sulfate injection, USP, 40 mg. per ml. 

Each ml. contains gentamicin sulfate, USP 
equivalent to 40 mg. gentamicin 

For Parenteral Administration 

For complete information, consult official Package 
Insert, September 1976. 

















WARNINGS 
Patients treated with eminogiycestee 
should be under close clinical observation 
because of the potential toxicity associ- 
ated with their use. As with other 
aminoglycosides, GARAMYCIN Injectable 
is potentially nephrotoxic. The risk of 
nephrotoxicity is greater in patients with 
impaired renal function and in those who 
receive high dosage or prolonged tarapy 
Additionally, ototoxicity, both vestibular 
and auditory, can occur in patients 
treated with GARAMYCIN, primarily those 
with pre-existing renal damage and in pa- 
tients with normal renal function treated 
with higher doses or for longer periods 
than recommended. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
particularly for patients with reduced 
renal function. Urine should be examined 
for decreased specific gravity, increased 
excretion of protein, and the presence of 
cells or casts. Blood urea nitrogen, serum 
creatinine, or creatinine clearance should 
be determined periodically. Evidence of 
ototoxicity (dizziness, vertigo, tinnitus, 
roaring in the ears and hearing loss) or 
nephrotoxicity requires dosage adjust- 
ment or discontinuance of the drug. 

Serum concentrations of amino- 

lycosides should be monitored when 
easible to assure adequate levels and to 
avoid potentially toxic levels. When 
monitoring gentamicin peak concentra- 
tions, prolonged levels above 12 mcg/ml 
should be avoided. When pes eer gen- 
tamicin trough concentrations, levels 
above 2 mcg/ml should be avoided. 

In the event of overdose or toxic reac- 
tions, hemodialysis or peritoneal dialysis 
will aid in the removal of gentamicin from 
the blood. 

Avoid concurrent and/or sequential 
systemic or topical use of other poten- 
tially neurotoxic and/or nephrotoxic 
drugs, such as cephaloridine, kanamycin, 
amikacin, neomycin, polymyxin B, colistin, 
paromomycin, streptomycin, tobramycin, 
vancomycin, and viomycin. Other factors 
which may increase patient risk of tox- 
icity are advanced age and dehydration. 

Avoid the concurrent use of gentamicin 
with potent diuretics, such as ethacrynic 
acid or furosemide, since diuretics alone 
may cause ototoxicity. When adminis - 
tered I.V., diuretics may enhance 
aminoglycoside toxicity by altering the 
reet dias concentration in serum and 
issue. 














































INDICATIONS AND USAGE Serious infections 
caused by susceptible strains of: Pseudomonas 
aeruginosa, Proteus sp. (indole-positive and indole- 
negative), Escherichia coli, Klebsiella-Enterobacter- 
Serratia sp., Citrobacter sp„ and Staphylococcus 
(coagulase-positive and coagulase-negative). 
Clinically effective in neonatal sepsis, septicemia; 
and serious infections of the central nervous system 
(meningitis), urinary tract, respiratory tract, 
gastrointestinal tract (including peritonitis), skin, 
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bone and soft tissue (including burns). Calture and 
sensitivity studies should be performed. 
Aminoglycosides, including gentamicin, ere not in- 
dicated in uncomplicated initial episodes of urinary 
tract infections unless the causative organisms are 
susceptible to these antibiotics and are nct suscep- 
tible to antibiotics having less potential fer toxicity. 
GARAMYCIN may be considered as inital therapy 
in suspected or confirmed gram-negativesnfections, 
and therapy may be instituted before obtaining 
results of susceptibility testing. Continued therapy 
with this drug should be based on the esults of 
susceptibility tests, the severity of the infection, and 
the important additional concepts contaired in the 
WARNINGS Box. If the causative orgamisms are 
resistant to gentamicin, other appropriate bons 
should be instituted. In serious infections when the 
causative organisms are unknown, GARAMYCIN 
may be administered as initial therapy im conjunc- 
tion with a penicillin- or cephalosporin-type d 
before obtaining results of susceptibility esting. If 
anaerobic organisms are suspected, consider using 
other suitable antimicrobial therapy in conjunction 
with gentamicin. Following identification of the 
organism and its susceptibility, approprate anti- 
biotic therapy should then be continued. “hen ap- 
propriate, a re Nn es s drug can be ised con- 
comitantly. GARAMYCIN Injectable has aso been 
shown to be effective in the treatment cf serious 
staphylococcal infections. While not the antibiotic 
of first choice, GARAMYCIN Injectable may be con- 
sidered when penicillins or other less potentially 
toxic ous are contraindicated and oacterial 
susceptibility tests and clinical judgment indicate 
its use. CONTRAINDICATIONS Hypersessitivity to 
gentamicin. A history of hypersensitivity c serious 
toxic reactions to aminoglycosides may #lso con- 
traindicate use of gentamicin. WARNINGS See 
WARNINGS Box. PRECAUTIONS Neurc:oxic and 
nephrotoxic antibiotics may be absorbed trom body 
surfaces after local irrigation or applicaticr. The po- 
tential toxic effect of antibiotics administerad in this 
fashion should be considered. Increased nephrotox- 
icity has been reported following concomitant ad- 
ministration of aminoglycoside antibio ics and 
cephalothin. Neuromuscular blockade and 
bids: paralysis have been reported im the cat 
receiving high doses (40 mg/kg) of gentarricin. The 
possibility of these phenomena occurring in man 
should be considered if gentamicin is adm nistered 
to patients receiving neuromuscular »locking 
agents, such as succinylcholine or tuboc.rarine. If 
blockade occurs, calcium salts may reverse these 
phenomena. Elderly patients may have reduced 
renal function which may not be evidert in the 
results of routine screening tests, such as BUN or 
serum creatinine. A creatinine clearance de ermina- 
tion may be more useful. Monitoring of renal function 
during treatment with gentamicin, as weh other 
aminoglycosides, is particularly important in such 
patients. Cross-allergenicity among amino- 
glycosides has been demonstrated. Patients should 
be well hydrated during treatment. Althouch the in 
vitro mixing of gentamicin and carbenicillia results 
in a rapid and M ede inactivation of gertamicin, 
this interaction has not been demonstrated in pa- 
tients with normal renal function who recermed both 
drugs by different routes of administration: à reduc- 
tion in gentamicin serum half-life has been eported 
in patients with severe renal impairment receiving 
carbenicillin concomitantly with gentamiem. Treat- 
ment with gentamicin may result.in overg owth of 
nonsusceptible organisms. If this occurs, aopropri- 
ate therapy is indicated. Usage in Pregnanc *: Safet 

for use in pregnancy has not been esteblished. 
ADVERSE REACTIONS Nephrotoxici:y—Ad- 
verse renal effects, as demonstrated by the pres- 
ence of casts or protein in the urine or by rising BUN, 
NPN, serum creatinine and oliguria, have een re- 
ported. They occur more frequently in patients with 





a history of renal impairment and in patients treated 
with larger than recommended dosage. Neurotox- 
icity—Adverse effects on both vestibular and 
auditory branches of the eighth nerve have been re- 
ported, primarily in patients with renal impairment 
and in patients on high doses and/or prolonged 
therapy Symptoms include dizziness, vertigo, tin- 
nitus, roaring in the ears and hearing loss. Numb- 
ness, skin tingling, muscle twitching and convul- 
sions have also been reported. Note: The risk of 
toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable 
at higher doses or for longer periods of time than 
recommended. Other reported adverse reactions 
possibly related to gentamicin include: respiratory 
depression, lethargy, confusion, depression, visual 
disturbances, decreased appetite, weight loss, and 
hypotension and hypertension; rash, itching, ur- 
ticaria, generalized burning. laryngeal edema, 
anaphylactoid reactions, fever, and headache; 
nausea, vomiting, increased salivation, and 
stomatitis; purpura, pseudotumor cerebri, pulmo- 
nary fibrosis, alopecia, joint pain, transient 
hepatomegaly, and splenomegaly. Laboratory ab- 
normalities possibly related to gentamicin include: 
increased serum transaminase (SGOT, SGPT), and 
increased serum LDH and bilirubin; decreased 
serum calcium, sodium and potassium; anemia, 
leukopenia, granulocytopenia, transient 
agranulocytosis, increased and decreased 
reticulocyte counts, and thrombocytopenia. While 
local tolerance of GARAMYCIN Injectable is gener- 
ally excellent, there has been an occasional report 
of pain at the injection site. Subcutaneous atrophy 
or fat necrosis su genn local irritation has been 
reported rarely OVERDOSAGE |n the event of over- 
dose or toxic reactions, hemodialysis or peritoneal 
dialysis will aid in the removal of gentamicin from 
the blood. DOSAGE AND ADMINISTRATION 
Please consult official Package Insert or latest 
Physicians’ Desk Reference. HOW SUPPLIED 
40 mg/ml in 2 ml (80 mg) vials; 1.5 ml (60 mg) and 
2 mi (BO mg) disposable syringes. Pediatric Inject- 
able, 10 mg per ml, in 2 ml (20 mg) vials. 
11076831 SEPTEMBER 1976 
AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or latest Physicians' Desk 
Reference. Schering literature is also available 
from e Schering Representative or Profes- 
sional Services Department, Schering Corpora- 
tion, Kenilworth, New Jersey 07033. 
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Removal of a Distal Common Bile Duet 


stone Through Pereutaneous 


Transhepatic Catheterization 


Manuel R. Perez, MD; Juan A. Oleaga, MD; David B. Freiman, MD; 


Gordon L. MeLean, MD; Ernest J. Ring, MD 


* A residual dista! common bile duct stone was successfully 
advanced into the duodenum after percutaneous transhepatic 
catheterization of the biliary tract. Nonsurgical retrieval of 
retained biliary duct stones through surgically created T-tube 
tracts has been shown to be a practical procedure with high 
reported success rates. Reoperation has been necessary in 
cases where no drainage tube was introduced at surgery or when 
stones have formec after the fistula closed. Transhepatic cathe- 
terization techniques may provide a way to manipulate residual 
biliary tract stones when no other access is available. 

(Arch Surg 114:107-109, 1979) 


everal reports have described the technique for nonsur- 
S gical retrieval of retained common bile duct stones 
through surgically created T-tube tracts. These techniques 
have not been feasible if no drainage tube was introduced 
at surgery or when stones formed after a tube had been 
removed and the fistula closed. We have recently been 
using a percutaneous transhepatic approach to introduce 
angiographic catheters into the common bile duct. This has 
proved useful in the management of patients with biliary 
strictures and obstructing malignancy. Transhepatic cath- 
eterization techniques may provide a way to manipulate 
stones in the common bile»duct when no other access is 
available. A case is described in which this approach was 
used to introduce a Dormia basket and remove a distal 
common bile duet stone by advancing it into the duode- 
num. 
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REPORT OF A CASE 


A 62-year-old man underwent emergency laparotomy for acute 
abdominal pain following heavy ethanol intake. Because of a 
strong history of peptic ulcer disease, the preoperative diagnosis 
was perforated duodenal ulcer. At surgery, acute cholecystitis was 
found and cholecystectomy performed. The common bile duct was 
normal to palpation. Preoperative laboratory values included 
mildly elevated amylase, SGOT, and lactic dehydrogenase levels. 
The bilirubin concentration was 5.0 mg/dl, with a direct level of 2.5 
mg/dl. 

The patient’s postoperative course was marked by fever and 
rapidly increasing bilirubin levels. Intravenous antibiotie therapy 
was started on the second postoperative day. By the fifth postop- 
erative day, the total bilirubin level had reached 19.8 mg/dl, with a 
direct level of 9.8 mg/dl. A liver scan showed mild diffuse 
parenchymal disease. 

On the fifth postoperative day, a percutaneous transhepatic 
cholangiogram was performed using a 22-gauge Chiba needle (Fig 
1). This demonstrated a radiolucent stone (6 x 7 mm) in the distal 
common bile duct. Because of the patient's poor clinical condition, 
the risk of reoperation was deemed to be extremely high, and 
transhepatic stone removal was attempted on the sixth postoper- 
ative day. 

A second percutaneous cholangiogram was performed, first 
with the use of a Chiba needle. This again demonstrated the stone 
in the distal common bile duct. A 5 F sheath over a 16-gauge needle 
was then introduced through the liver into the biliary tree, using 
the techniques described previously. The sheath was advanced 
into the distal common bile duct and exchanged over a guidewire 
for a 7 F Dormia basket sheath. A 9-mm basket was then 
introduced through the sheath and the stone engaged. Attempts at 
crushing the stone within the basket were unsuccessful. The stone 
and basket were then gently advanced through the ampulla into 
the duodenum where the basket was opened and the stone 
dropped. A subsequent cholangiogram through the angiographie 
catheter demonstrated free flow of contrast material through the 
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Fig 1.—Percutaneous transhepatic cholangiogram with Chiba 
needle. There is slight dilation of intrahepatic biliary radicles and 
common bile duct with 6 x 7-mm 
common bile duct (arrow). 
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lucent calculus 


in distal 





Fig 3.—Che angiogram through angiographic catheter. There is 
less dilatior of intrahepatic bile ducts with good drainage into 
duodenum. Catheter was subsequently removed. 


Fic 2.—Cholangiogram after stone expul- 
sion. Contrast material flows freely into 
duxdenum. Stone is noted on fourth 
po tion of duodenum (arrow). 


Bile Duct Stone—Perez et al 





distal common bile duct. The stone was visible in the fourth 
portion of the duodenum (Fig 2). A 7.1 F pigtail catheter with 
multiple side holes was left in place in the common bile duct for 
external drainage to facilitate decompression of the biliary tree. 
Another cholangiogram obtained ten days after the procedure 
again showed no residual caleuli and free flow into the duodenum 
(Fig 3). The catheter was then removed. He was subsequently 
discharged from the hospital and is doing well at the present 
time. 


COMMENT 


Retained biliary tract stones following surgery are 
relatively frequent, occurring in 2% to 5% of cases.*^ Stone 
removal through a T tube or its tract has been shown to be 
a very practical approach to this problem, with high success 
rates reported. Many different techniques of stone retriev- 
al are available. Flushing with stone dissolution, forceps 
extraetion, and Dormia-type wire basket extraction have 
all been advocatec.** If a T tube was not inserted at the 
time of the biliary surgery or if a stone forms at a time 
remote from tke surgical procedure, the aecess to perform 
these procedures has not been available and reoperation 
has been necessary.*^* 

The transhepatic technique of introducing catheters into 
the common bile duct for removal of retained stores seems 
to offer a reasonzble alternative to surgical reexploration. 
Since withdrawal of the stone through the liver might 
result in a serious parenchymal laceration, the stones 
should be removed through the duodenum. Safe and 
successful expulsion of small retained calculi into the 
duodenum through a T-tube tract has been previously 
reported.” Alternatively, about 50% of all retained stones 


will crush inte small fragments by applying pressure on the 
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will then usually elear through the ampulla or out à 
transhe»atically implanted drainage tube.'' Recent reports 
deseribing ultrasonie fragmentation of retained stones 


througk a modified basket may find some applicability in 2 


transhepatic stone retrieval because the stones could then 
be reduced to small fragments in a greater percentage of 
cases.’ 


Technical points to be considered include the following: a 
1. Broad-spectrum antibiotic therapy should be insti- 
tuted whenever transhepatic instrumentation of the bilia- — 


ry tract is contemplated. 
2. A preliminary transhepatie cholangiogram with a 


Chiba needle should be obtained to demonstrate the - 5 ji 


preserce and location of any retained stones. 


3. Catheterization of the biliary tree can be performed j 


using the needle sheath technique described previously.** 


4. After a stone has been engaged in the Dormia basket, 
fragmentation should be attempted first. Multiple small . 
fragments have a good chance of passing spontaneously —— 


into the duodenum with gentle flushing. 

5. The intravenous administration of glucagon may be 
used to relax the ampulla and facilitate passage. 

6. -f the stone cannot be passed into the duodenum, the 
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Dormia basket. The resultant small particles and debris 3 e 


basket and engaged stone may be left within the common 


duct to serve as a guide for the subsequent surgery. 
Forceful instrumentation of the ampulla should be 
avoided. 


7. After the procedure, continued drainage of the ductal | F , 


system ean be maintained through a transhepatie catheter 
with multiple side holes. 
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Editorial Comment 


This report describes a notable advance in non-surgical instru- 
mentation of the biliary tract when surgery is contraindicated— 
percutaneous transhepatic manipulation of a common duct stone. 
One wonders when the next on of step will be taken: percuta- 
neous transhepatic manipulation. of stones in the gallbladder 
itself! 

The success of this technique of re oval'of a common duct stone 
in this case was fortunate, for the surgeons were faced with 
ascending cholangitis and Gram-negative sepsis in a poor-risk 
patient in the immediate future. Retrospectively, I am sure that at 
this point in their management of the.case the surgeons realized 
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that they need not have been in this position in the first place. The 
preoperative bilirubin level elevation (if known prior to surgery) 
should have led to more than just palpation of the common duct. 
Even if a deteriorating clinical condition dictated a rapid exit 
after cholecystectomy, an attempt could have been made to insert 
a large-bore T tube into the common duct for later use by the 
radiologists. In any event, the surgeons are to be congratulated for 
calling in this innovative team prior to calling for a laparotomy 
k t. 

Hastines K. WRIGHT, MD 

New Haven, Conn 
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is. refractory ascites 
. the LEVEEN Peritoneo-Venous Shunt 
can achieve dramatic results 
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The LEVEEN Peritoneo-Venous Shunt can improve the prognosis 
of patients wth ascites who become refractory to medical 
measures. It offers significant improvement in the control of 
ascites and reduces morbidity of such patients. The shunt can 
be used in ascites of varying origin. 


Removes and prevents fluid buildup 
y. Implanted permanently in a simple surgical procedure, the 
- LEVEEN Peritoneo-Venous Shunt returns peritoneal fluid to the 
superior vene cava through a pressure-sensitive extra- 
peritoneal valve. Through continuous reinfusion of the patient's 
f. own ascitic flLid, the shunt removes and prevents fluid buildup. 





Clinical experience 

Postoperative improvement following insertion of the LEVEEN 
Peritoneo-Venous Shunt is often dramatic, particularly in the 
; | reduction of abdominal girth. Improvement is generally 
evidenced by: reduced weight, increased urine output, 
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roar rena unetan; ONDE BUN and creatinine levels, 
NND MES... e —- reduced aldosterone, 
- —- elevated plasma protein 
| (with a return of the 
albumin-globulin ratio 
toward normal), and 
greater patient comfort, 
mobility and ease of 
breathing. In many 
= patients with marked 
— —— wasting before surgery, 
Ir. 3E appetite is improved 
way l 2 and body mass is re- 
Typical girth reduction ! m = patient after shunt installation. gai ned postoperatively. ] 





Dramatic relief of symptoms. Io date, the LEVEEN 
Peritoneo-Venous Shunt has been placed in more than 1,100 
patients throughout the world. In one reported series of patients 
whose serum bi irubin was less than 10mg/100 ml, who had no 
evidence of sev2re encephalopathy, and no recent episode of 
upper gastrointestinal bleeding, 7196 were alive 18 months later. 
At 18 months, these survivors had exceeded the survival rate 
expected for patents with refractory ascites treated with other 
accepted methcds.* 


For further inforrr ation about the LEVEEN Peritoneo-Venous 
Shunt and its clirical experience, write to Ms. Peggy Harding, 
Becton, Dickinscn and Company, Rutherford, N.J., 07070, 

or call this toll frea number for answers.to your technical 
questions: 800-631-0174. In New Jersey call 201-460-2251. 


The LEVEEN Peritoneg-Venous Shunt. 


E | The reinfusion shunt controls ascites 
iS through continuous reinfusion of 
the patient’s own ascitic fluid. 
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The LEVEEN Peritoneo-Venous Shunt is an in vivo device 
containing a unique, one-way valve which permits the 


unidirectional flow of ascitic fluid from the abdomen to the BECTON-DICKINSON 
vascular system whenever the intraperitoneal pressure Division of Becton, Dickinson and Company 
exceeds the central venous pressure by 3 cm. of water. Rutherford, N.J. 07070 

X. 


R-N and | eVFEN are trademarks of Becton. Dickinson and Companv e. 
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Indications For Use: 

The LEVEEN Peritoneo-Venous Shunt may be 
indicated when the patient does not resoond 
promptly to intensive medical management. 


The shunt is designed to eliminate the 
accumulation of ascitic fluid. Shunt placement 
should be considered for treatment of ascites 
complicating the following»conditions: 

1. Cirrhosis 

2. Budd-Chiari Syndrome 

3. Chylous Ascites 

4. Nephrogenic Ascites 

5. Biliary Atresia 

6. Amyloidos:s 

7. Cryptogenic Ascites 


Contraindications For Use: 

In certain patients, the LEVEEN Peritoneo-Venous 

Shunt will no: be effective, or may be 

contraindicated because of secondary 

complications that outweigh its benefits. These 
conditions are: 

1. Peritonitis. This shoulc always be suspected 
when the peritoneal fluid is turbid. Peritonitis can 
occur without the usual sigas and symptoms in 
patients with ascites. 

| Varices with a Recen: History of 
Bleeding. |f ascites and variceal bleeding are 
present concurrently, treating the verices first 
may be indicated. 

3. Renal Failure. The shunt will not reverse the 
renal damage in patients with acute tubular 
necrosis or other types of primary renal failure. A 
low urine sodium concentration may be the best 
indication that the tubules are functional and may 
respond to a shunt. 

4. Bilirubin level above 10 mg/dl. 


Cautions: 


1. | Varices without Recent Bleeding. 
In patients whose varices nave been treated 
surgically, the shunt may be effective. 
Neoplastic Ascites. The LEVEEN 
Peritoneo-Venous Shunt has been used with 
success in patients with intractable ascites 
associated with primary cr metastatic 
intra-abdominal neopiasms.? The use of the 
shunt in such patients requires weghing the 
shunt's potential benefits against the possible 
hazard of generalized dissemination of 
neoplastic cells whic? are commonly present in 
the ascitic fluid of these patients. 

3. Associated Cardiac Disease. Cardiac patients 
may be sensitive to increased blood volume due 
to sudden recirculation of large quantities of 
ascitic fluid. Removal of accumuleted ascitic 
fluid from the a at the time of shunt 
placement may be i cated in such patients. 


1. LeVeen, H. H., Wapnick, S. etal: =urther 
experience with Peritoneo-Venous Shunt for 
Ascites. Annals of Surgery, 184:574-581, 1976. 
. Wapnick, S., Grosberg, S., et al: LeVee 
Continuous Peritoneal-Jugular SFunt? JAMA, 
237:131-133, 1977. y* 
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Pharmacological 


Only Valium (diazepam) has potent psychothera- 
peutic, skeletal muscle relaxant and anticonvulsant 
properi¢s—all three proven clinically useful. 


Pharmaconinetically 


Valium gives your patients rapid, complete absorp- 
tion—peak blood levels in 1-1/2 hours; predictable 
metabolic breakdown, distribution and elimination 
rates; readily achieved steady state blood levels 
(within 5-7 days); an impressively wide therapeutic 





.matan this profile 


Clinically 

Whether in institutional or office practice, only Valium 
(diazepam) dces so much so well so promptly: it's used, for 
example, to relieve anxiety accompanying functional or organic 
linesses; parenterally, to allay preoperative apprehension (LM. 
route preferred); in the management of psychic tension and anx- 
iety states; and, adjunctively, to relieve skeletal muscle spasm 
due to such loca! pathology as acute muscle strain. (For pos- 
sible side effects, see prescribing information.) Caution patients 
against driving or simultaneous ingestion of alcohol while on 
Valium therapy. Periodic 

reassessment of ther- 

apy iS also rec- 

ommended. 


ValiUfnlaszeoam C 


cmg, 5-mg, IO-mg scored tablets 


Before prescribing, please see summary of product information on following page. 
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Before prescribing, please consult complete product information, a summary of 
which follows: 

The effectiveness of Valium (diazepam) in long-term use, that is, more than 4 
months, has not been assessed by systematic clinical studies. The physician 
should periodically reassess the usefulness of the drug for the individual patient. 

Contraindications: Tablets in children under 6 months of age; known hyper- 
sensitivity; acute narrow angle glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 

Warnings: As with most CNS-acting drugs, cauticn against hazardous occupa- 
tions requiring complete mental alertness (e.g., operating machinery, driving). 
Withdrawal symptoms (similar to those with barbiturates, alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, 
vomiting, sweating). Keep addiction-prone individuals (drug addicts or alcoholics) 
under careful surveillance because of predisposition to habituation/dependence. 

Usage in Pregnancy: Use of minor tranquilizers during first trimester 

should almost always be avoided because of increased risk of congeni- 

tal malformations, as suggested in several studies. Consider possibility 

of pregnancy when instituting therapy; advise patients to discuss 

therapy if they intend to or do become pregnant. 

ORAL: Advise patients against simultaneous ingestion of alcohol and 
other CNS depressants. 

Not of value in treatment of psychotic patients; should not be employed in 
lieu of appropriate treatment. When using oral form adjunctively in convulsive 
disorders, possibility of increase in frequency and/or severity of grand mal seizures 
may require increase in dosage of standard anticonvulsant medication; abrupt 
withdrawal in such cases may be associated with temporary increase in frequency 
and/or severity of seizures. 

INJECTABLE: 7o reduce the possibility of venous thrombosis, phlebitis, local 
irritation, swelling, and, rarely, vascular impairment when used l.V.: inject Slowly, 
taking at least one minute for each 5 mg (1 ml) given; do not use small veins, i.e., 
dorsum of hand or wrist; use extreme care to avoid intra-arterial administration or 
extravasation. Do not mix or dilute Valium with other solutions or drugs in syringe or 
infusion flask. If it is not feasible to administer Valium directly I.V., it may be injected 
slowly through the infusion tubing as close as possible to the vein insertion. 

Administer with extreme care to elderly, very ill, those with limited pulmonary 
reserve because of possibility of apnea and/or cardiac arrest; concomitant use of 
barbiturates, alcohol or other CNS depressants increases depression with 
increased risk of apnea; have resuscitative facilities available. When used with 
narcotic analgesic eliminate or reduce narcotic dosage at least 1/3, administer 
in small increments. Should not be administered to patients in shock, coma, 
acute alcoholic intoxication with depression of vital signs. 
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Papers Presented at the 2nd Annual Meeting of the Association 
of Veterans Administration Surgeons, St Louis, May 1, 1978 


Implications of Malnutrition 


in the Surgical Patient 


James L. Mullen, MD; Marc H. Gertner. MD; Gordon P. Buzby, MD: Glenn L. Goodhart, MD; Ernest F. Rosato, MD 


* The substantial prevalence of malnutrition in the hospital- 
ized patient population has only been recently recognized. 
Preoperative nutritional and immunological assessment was 
performed prospectively on admission in 64 consecutive surgi- 
cal patients. Factors measured included weight loss, triceps 
skinfold. midarm muscle circumference, creatinine-height index, 
serum albumin level, serum transferrin level, total lymphocyte 
count, serum complement level, serum immunoelectrophoresis, 
lymphocyte T rosettes formation, neutrophil migration, and 
delayed hypersensitivity. Using these criteria for malnutrition, 
97% of the patients had at least one abnormal measurement and 
35% hac at least three abnormal measurements. Patients were 
monitored for complications during their hospital course. Serum 
albumin level, serum transferrin level, and delayed hypersensi- 
tivity reactions were the only accurate Prognostic indicators of 
postoperative morbidity and mortality. Substantial unrecognized 
malnutrition exists in the surgical patient population. An isolated 
indicator of malnutrition should be interpreted with caution. The 
visceral protein compartment (serum albumin and serum trans- 
ferrin levels and delayed hypersensitivity) is the most accurate 
prognostic indicator of postoperative morbidity and mortality. 
Perioperative nutritional Support may reduce operative morbidity 
and mortality in the malnourished operative candidate. 

(Arch Surg 114:121-125, 1979) 


he development! of clinically applicable, objective indi- 

cators of malnutrition has only recently permitted an 
appreciation of the substantial prevalence of malnutrition 
in the hospital patient population. Surveys of patients of 
varying socioeconomic backgrounds hospitalized in a 
variety of institutions on various specialty services have 
detected a high frequency of unrecognized malnutrition. 
A variety of biochemical, anthropometric, and immuno- 
logic measurements have been used as indicators of 
protein-calorie malnutrition. The relative value and clinical 
relevance of each of these proposed indicators has not yet 
been firmly established. For example, a biochemical indica- 
tor of »rotein-calorie malnutrition that has no clinical 
impact in terms of morbidity and mortality would have 
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minor importance when compared to another indicator of 
protein-ealorie malnutrition that results in increased hospi- 
tal mortality and morbidity. Only recently has data been 
generated suggesting specific nutritional markers as 
predietors of increased hospital morbidity and mortality 
secondary to protein-calorie malnutrition.* 

The use of perioperative parenteral nutritional support 
(intravenous hyperalimentation or total parenteral nutri- 
tion) has gradually increased since the development of 
intravenous hyperalimentation in 1968 by Dudrick et al at 
the University of Pennsylvania, Philadelphia. This 
expanded application of total parenteral nutrition has been 
based cn the dramatic results produced in specific disease 
situations. Perioperative total parenteral nutrition is not 
without disadvantages in terms of risks, increased dura- 
tion of hospitalization, and inereased eost. The rationale 
for perioperative parenteral nutritional support involves 
several important assumptions: (1) protein-calorie malnu- 
trition ean be accurately defined in the clinical hospital 
setting; (2) protein-calorie malnutrition or one of its vari- 
ants leads to increased hospital morbidity and mortality 
and/or decreased patient response to therapy; (3) adequate 
nutritional support can reverse protein-calorie malnutri- 
tion; and (4) the reversal of such protein-calorie malnutri- 
tion results in a decrease in mortality and morbidity to the 
level achieved in the well-nourished population and/or a 
superior patient response to treatment. 

Substantial evidence exists that objective indicators of 
protein-calorie malnutrition are available and are useful in 
defining this disease in its various forms. Over the past ten 
years, clinical use of intravenous nutrition has demon- 
strated the ability of adequate nutritional support to 
reverse the various types of protein-calorie malnutrition 
and restore the various biochemical, anthropometric, and 
immunologic indieators to normal levels. This study was 
undertaken first to ascertain the types and frequency of 
protein-calorie malnutrition existing in an elective surgery 
patient population at an urban Veterans Administration 
hospital. The second major objective was to determine the 
relative value of nutritional and immunologic factors in 
predicting postoperative morbidity and mortality. The 
effects of subsequent adequate nutritional support in these 
patients was not analyzed in a serial fashion in this 
study. 
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SUBJECTS AND METHODS 


Preoperative nutritional and immunologie competence were 
measured prospectively in 64 consecutive elective surgical patients 


= at the Philadelphia Veterans Administration Hospital. Prospec- 


tive immunologic factors were neutrophil migration, IgG, IgM, 
IgA, C3, C4, T rosette formation, delayed hypersensitivity, and 


= total lymphocyte count (peripheral venous). Prospective nutrition- 


al factors were weight loss/time, triceps skinfold, midarm muscle 
circumference, creatinine-height index, serum total protein level, 
serum albumin level, and serum transferrin level (from total 


.. iron-binding capacity [TIBC ]). 


The study population consisted of 56 men and eight women 
ranging in age from 23 to 81 years (mean, 55). Weight loss/time 
was calculated as the percent loss of the patient's usual weight per 


—  umit time. Values greater than 0.2% per day were considered 


abnormal. The anthropometric measurements of triceps skinfold 
and midarm muscle circumference were performed according to 
the standard methods. ^'** A measurement less than 90% of 
predicted value was considered abnormal. Creatinine-height index 


was calculated as described by Blackburn et al' Serum total 


protein and albumin levels were determined by serum protein 
electrophoresis. Serum transferrin levels were calculated from 
serum iron-binding capacity levels utilizing the conversion formu- 
la: serum transferrin = 0.8 x TIBC — 43. 

Total peripheral lymphocyte count was determined from the 
WBC count and the percentage of lymphocytes in the differential. 
Delayed hypersensitivity reactivity was determined using intra- 
dermal skin tests employing 0.1 ml of three recall antigens: mumps 
skin test antigen, Candida albicans skin test antigen, and strep- 
tokinase/streptodornase. The diameter of induration in millime- 
ters was measured and recorded at 24 and 48 hours. The skin test 
was regarded as positive or reactive if the induration at either 
reading was 5 mm or greater for any of the three antigens. 
Neutrophil migration was studied using a modified Boyden tech- 
nique and was read using modification of the leading front 
technique of Zigmond and Hirsch.’ Polymorphonuclear leukocytes 
were prepared by dextran sedimentation of heparinized whole 
venous blood. The polymorphonuclear leukocytes were counted by 
hemocytometer and suspended in Hank’s balanced salt solution 
containing 1 mg/ml of lipid A complex. Cells were then loaded into 
triplicate Boyden chambers and counted.'" Data were expressed as 
a percentage of control values obtained daily from normal, healthy 
laboratory personnel volunteers. Migration response was arbi- 
trarily considered abnormal if it was equal to or less than 60% of 
control. The T lymphocyte rosette formation was determined by 
the technique of Brain and associates." Serum complement levels 
and serum immunoglobulin levels were determined by.standard 
clinical laboratory techniques, including immunoelectrophoresis. 

The postoperative course of each patient was monitored for 
complications until death or discharge from the hospital. The 
determination of the occurrence of a complication was made by an 
investigator (G.P.B.) without clinical responsibilities for the study 
patients. Complications monitored included death, septicemia, 
intra-abdominal sepsis, fistula formation. urinary tract infection, 
pneumonia, wound infection, wound dehiscence, phlebitis, conges- 
tive heart failure, myocardial infarction, respiratory failure, 
atelactasis, pulmonary embolus, cerebrovascular accident, and 
shock. 

Objective criteria were established defining each complication 
as follows: A diagnosis of septicemia required a positive blood 
culture associated with hypotension and hypoperfusion. Intra- 
abdominal sepsis was documented by an intra-abdominal purulent 
collection requiring operative drainage. Fistulas were radiological- 
ly documented. Urinary tract infections required a quantitative 
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culture of greater than 100,000 organisms. Pneumonia was docu- 
mented by an abnormal chest roentgenogram, positive sputum 
culture, and 2linical treatment with antibiotics. The presence of a 
wound infec-ion required a positive culture and operative drain- 
age. A wound dehiscence required operative reclosure of the 
wound. Phle»itis was documented by venographic or noninvasive 
peripheral vascular laboratory studies and was treated with 
heparin sodi 1m. Congestive heart failure was diagnosed by stan- 
dard clinical and radiologic criteria and required treatment with 
digitalis and diuretics. The diagnosis of myocardial infarction was 
confirmed by ECG and serum enzyme changes. Respiratory 
failure required the use of ventilatory assistance for more than 
four hours fter operation. A diagnosis of atelectasis required 
roentgenographic confirmation involving at least one pulmonary 
lobe and necessitated nasotracheal suction or bronchoscopy. 
Pulmonary embolus was demonstrated by lung scan or pulmonary 
angiography and was treated with heparin. A cerebrovascular 
accident was documented by a new and persistent neurologic 
deficit. A diagnosis of shock required hypotension, hypoperfusion, 
and treatment with systemic pressor therapy. 


RESULTS 


Sixteen nutritional and immunologic factors were 
recorded in the 64 patients. The distribution of the number 
of abnormal measurements demonstrated only two 
patients (3%) who had no abnormal measurements. In 
contrast, one third (35%) of these patients had three or 
more abnormal nutritional and immunologic measure- 
ments. The distribution of abnormal measurements is 
listed as fo lows: 


No. of Abnormal % of Patient/ 


Measurements Population 
Zero 3 
One or more 97 
Two or more 66 
Three or more 35 
Fcur or more 23 
Five or more 13 
Six or more 5 
100% 


The frequencies of individual abnormal measurements 
are indicated in Tables 1 and 2. Low serum albumin and 
serum trarsferrin levels were found in 16% and 50% of 
patients, respectively. Serum total protein levels were 
normal in the vast majority of cases (95%). About one half 
of the patients (46%) gave a history of substantial weight 
loss (> 0.2% of “usual” weight per day). One third of these 
patients showed deficiencies detected by anthropometric 
measurements of triceps skinfold (83%) and midarm 
muscle circumference (36%). Creatinine-height index was 
the most f-equently (65%) abnormal nutritional measure- 
ment. Delayed hypersensitivity (62%) and neutrophil 
migration *68%) were abnormal in more patients than any 
other immunologic assay. In almost all instances, the 
serum comolement levels and serum immunoglobulin levels 
were within the normal range. 

In this g-oup of 64 patients, 15 (23%) of the patients had 
complicaticns, five (8%) of which were ultimately lethal. 
Due to mu tiple complications in some patients, a total of 
24 complications were identified in 15 patients. Of the 24 
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Table 1.—Frequency of Abnormal Nutritional Values 
% 


No. of 
Patients Abnormal 













Tabie 2.—Frequency of Abnormal 
Immunologic Parameters 











No. of 96 
Patients Abnormal 


Serum C3 41 2 


Peripheral lymphocyte T rosette 
formation 33 36 


Neutrcphil migration 28 68 
IgG 41 0 
Peripheral lymphocyte count 54 25 
Delayed hypersensitivity 40 62 


complications, nine were of the septic variety. Their 
frequencies are 2s follows: 








No. of 
Complication Patients 
Septic 
Wound infection 
Pneumonia 
Intra-abdominal sepsis 
Septicemia 
Total 
Nonseptic 
Wound dehiscence 
Respiratory failure 
Fistula 
Myocarcial infarction 
Atelectasis 
Congestive heart failure 
Shock 
Phlebitis 
Pulmonary embolus 
Total 


Or hw & bw 


Ne — DOF DOK POW DO 


— 


Statistical analysis utilizing x° technique was performed 
to determine whetner any of the nutritional or immuno- 
logie measurements could prospectively identify a 
subgroup of patients with an increased incidence of subse- 
quent mortality and morbidity. Of the 16 factors studied, 
only serum albumin levels, serum transferrin levels, and 
delayed hypersensitivity reactions had significant predic- 
tive value of postoperative morbidity and mortality (Table 
3). Patients with a serum albumin level of less than 3 g/dl 
had a two and one-half-fold increase in the complication 
rate, compared to those patients with a serum albumin 
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Table 3.—Predictive Values f 
% 
praean 
No 


Complications Complications 


Albumin level — 3.0 g/dl* 7 










1 9 21 
Albumin level — 3.0 g/dl* 5 59 
Transferrin level = 220 mg/dl} 92 8 
Transferrin level < 220 mg/dlt 9 41 

i 6 14 
7 33 


4 
5 
Delayed hypersensitivity 
reactive* 8 
Delayed hypersensitivity 
anergic* 6 


*P< 05. 
TP < .01. 





level greater than 3 g/dl. Serum transferrin levels below 
220 mg/dl accurately denoted a patient population with a 
five-fold increase in complications. Anergic patients had a 
33% complication rate, a two and one-half-fold increase 
over patients who were reactive to at least one of three 
skin test antigens. 


COMMENT 


The rationale for the effectiveness of perioperative 
nutritional support includes several assumptions. The use 
of such perioperative treatment requires evidence that 
protein-calorie malnutrition ean be accurately defined in 
the clinical setting and that such malnutrition leads to 
increased operative morbidity and mortality or decreased 
efficacy of therapy. The questions of whether adequate 
nutritional support can reverse protein-calorie malnutri- 
tion and whether the reversal of such malnutrition would 
result in a decreased operative mortality and morbidity 
represent a second phase of the experimental data required 
to support the concept of perioperative nutritional support. 
Studies designed to test the validity of these assumptions 
are difficult to conduct because of the heterogeneity of the 
clinieal population and the multitude of proposed nutrition- 
al factors. Currently, several large-scale, multi-institution- 
al, randomized prospective clinical trials are in progress, 
sponsored by the Diet, Nutrition, and Cancer Program of 
the National Cancer Institute. These studies should 
provide more objective data concerning the efficacy of 
preoperative nutritional support. However, despite the 
current lack of substantial well-controlled objective data, 
ten years of clinical experience with total parenteral 
nutrition have generated a substantial clinical opinion that 
perioperative nutritional support is effective and often 
indicated. Such a pervading opinion tends to preclude the 
possibility of future large-scale, randomized clinical trials 
to investigate this problem. 

This current study helps to accurately define and detect 
protein-calorie malnutrition in the clinical setting. 
Previous hospital-wide surveys^' have demonstrated an 
unsuspected high prevalence (50%) of malnutrition. This 
malnutrition is consistently present, despite considerable 
differences in the type of hospital studied, the socioeco- 
nomic background of the patients, and the particular 
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medical specialties that were surveyed. As demonstrated 
here, one difficulty generated by the use of a large battery 
or profile of biochemical, immunologic, and anthropometric 
factors is that few patients are “completely normal” as 
evidenced by normal test results in all parts of the profile. 
Only 3% of patients in our survey demonstrated completely 
normal nutritional and immunologic profiles. Obviously, a 
single abnormality in such a profile tends to lose its 
discriminatory advantage, unless the specific factors that 
correlate to clinical problems are identified. 

This study attempts to answer the question of what are 
the clinically important factors of malnutrition. A most 
useful clinical concept would be to define malnutrition in 
terms of specific factors that, when abnormal, would 
prospectively identify a subpopulation of malnourished 
patients who would have a less than optimal hospital course 
because of these nutritional deficits. For example, which 
nutritional or immunologic factor accurately predicts 
nutritional defects that will influence the hospital morbid- 
ity and mortality? Further, which factors are well 
preserved, even in the malnourished individual who is 
susceptible to increased surgical risks? Obviously, such 
factors would be of little use in the preoperative assess- 
ment of the need for nutritional support. The same would 
be true for factors that are commonly abnormal in the 
malnourished individual, but that do not have any correla- 
tion to the clinical outcome. For example, several of the 
specific immunologic factors were depressed in the current 
study, but did not predict the patient in whom complica- 
tions would develop secondary to surgery. 

Our study has identified a high prevalence of malnutri- 
tion in patients admitted to a surgical service of an urban 
Veterans Administration hospital. All of our patients 
underwent an elective surgical procedure and none were 
done under emergency conditions. Anthropometric data 
were not of predictive value in determining the high-risk 
patient population. However, anthropometric data were 
abnormal in the majority of patients and confirmed the 
prevalence of malnutrition in this general hospital popula- 
tion. Skeletal muscle stores, as measured by creatinine- 
height index and midarm muscle circumference determi- 
nations, were abnormal in 35% to 65% of our patients, 
compared to normal controls adjusted for sex and age. Both 
measurements possess clinical drawbacks that made them 
less than optimal studies. The creatinine-height index 
requires an accurate collection of an entire urinary output 
for 24 hours, or, more ideally, for 48 or 72 hours. The 
measurement of midarm muscle circumference calculated 
from midarm circumference and triceps skinfold measure- 
ments requires a skilled individual using standard proto- 
cols on a repeated daily basis to reduce observer variability. 
Also subject to variability, that of patient recall, is the 
history of weight loss per unit time. Significant weight loss 
was defined in our study at the loss of 0.2% of the “usual 
weight” per day for a seven-day period. By this criterion, 
50% of our patients had substantial weight loss. Therefore, 
while valuable in confirming the presence of malnutrition, 
these indices of somatic compartments are subject to 
observer error, are not predictive of high-risk patients, and 
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therefore did not indicate the individuals who would 
benefit from perioperative nutritional support. 

On the zontrary, the visceral protein compartment was 
significan-ly depleted in 16% (serum albumin) to 50% 
(serum trensferrin) of this study population. These values 
were of predictive value in determining the group of 
patients who were at high risk for postoperative complica- 
tions. Albemin levels less than 3 g/dl and transferrin levels 
less than 220 mg/dl were associated with greatly increased 
incidence of postoperative complieations. Similarly, the 
failure to react to one of the common skin antigens was 
associated with a similar considerable increase in morbidi- 
ty and mcttality. All three of these factors were able to 
predict the high-risk group of patients (P < .05, Student's t 
test). 

More specific measurements of immunologic capability 
were not Felpful in this patient population. Serum comple- 
ment and mmunoglobulins were at normal levels in almost 
all patients, despite other evidence of malnutrition. This is 
contrary te the findings in other studies that have identi- 
fied depressions in serum complement levels and serum 
immunoglcbulin levels in malnutrition." Similarly, mea- 
surements of the serum immunoglobulin levels were not of 
help because they were normal in almost all individuals. 
While very specific in vitro studies of immunologic capabil- 
ities such zs lymphocyte T rosette formation and neutro- 
phil migration were abnormal in a high percentage of 
patients, taese tests were not predictive of the high-risk 
surgical group. Therefore, while valuable in assessing the 
general nutritional status of a population, they did not 
prove to be helpful in picking specific patients for nutri- 
tional support in this study. Peripheral lymphocyte counts 
were also ebnormal in a high percentage of patients, but 
also prove -o lack predictive value. 

The impairment of cellular immunity determined by 
delayed hypersensitivity reaction correlated to a high 
incidence o poor operative results. Sampling of a normal 
population with the three skin tests utilized shows that 
over 99% of such normal individuals would react to at least 
one of the antigens with an induration of greater than 5 
mm. Copelend et al? demonstrated a similar high rate of 
anergy in 23 patients with cancer, finding normal delayed 
hypersensifivity reactions in only six patients. They have 
also demorstrated the loss of delayed hypersensitivity 
reactivity ia a rat model over a ten-week period of high 
carbohydra e and protein-free dietary intake.'* Similarly, 
Law and associates'^'* determined that only 12% of their 
patients who were malnourished by other criteria reacted 
to Candida albicans and mumps skin test antigen. 

The influence of protein-calorie malnutrition on the 
patient's clinical course has been suggested for a long time. 
Studley” reported a 33% mortality in ulcer surgery 
patients who lost more than 20% of their usual body weight 
in the preoperative period. This contrasted sharply with a 
3.5% operative mortality in those with no weight loss. 
Kaminski et al^ recently correlated hospital mortality with 
admission serum transferrin levels. Patients with a serum 
transferrin level less than 170 mg/dl had a two and 
one-half-foll increase in mortality. Meakins et al, in a 
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larger series of surgical patients, showed a higher mortal- 
ity in the anergic patient vs the reactive patient (74% vs 
5%). These studies are in agreement with the results 
reported from this eurrent survey. Furthermore, the asso- 
ciation o^ malnutrition with infection has been well recog- 
nized through clinical observations and epidemiologic stud- 
ies.'^^" Rhoads and Alexancer'' demonstrated the associa- 
tion of postoperative infections with poor nutritional 
status in 1955. Neumann et al” identified severe degrees of 
weight loss and serum albumin level depression as being 
associated with increase rates of clinical sepsis. Most other 
clinical studies? have been accomplished in the pediatric 
populatien, particularly taose with kwashiorkor. The 
complicating facters in these studies are the coexisting or 
preexistmg infections in these individuals that make 
determination of the independent variable rather difficult. 
The most common complication that occurred in the 
eurrent series of pat:ents among those who were malnour- 
ished was the occurrence of septic complications. These 
studies eonfirm the common occurrence of sepsis in the 
malnour shed indivicual and point to the factors of visceral 
protein synthesis that can pinpoint the individual at risk 
for a postoperative infection. 

Nutritional status has also been linked to the response 
rate of "various treatments, with most data representing 
the response of tumor patients to antineoplastie chemo- 
therapy.” A favorable response to chemotherapy was seen 
in patients who were skin zest reactive, while the anergic 
group hzd a poor response to similar therapy. 

Our studies have identified serum transferrin and serum 
albumin levels and delayec hypersensitivity reactivity as 
three nutritional markers that prospectively identify a 
subgrouo of patients in whom there is a substantial 
increase in operazive morbidity and mortality; x^ analysis 
involvinz other factors such as diagnosis, age, sex, severity 
of illness, alcohol, and tobacco usage fail to reveal any other 
causative factor to explain the difference in morbidity and 
mortality between the two groups. The importance of the 
visceral protein compartment in maintaining the integrity 
of host defense against complications has been suggested 
previously.'**'*? A preoperative nutritional assessment 
revealinz depression of seram albumin levels, serum trans- 
ferrin levels, and/or delayed hypersensitivity reactivity 
should prompt strong consideration of perioperative nutri- 
tional support. Since its inception in the late 1960s, intra- 
venous hyperalimentation has been shown to reverse 
proteinzalorie malnutrition and to return nutritional 
assessment measurements toward normal levels. Whether 
adequate nutritional support can reduce morbidity and 
mortality by reversing visceral protein depletion and 
restorinz host immune competence remains to be 
answered by ongoing studies. 
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S ele ctüng — In oatients with serious bacterial infection, the 
choice of antibiotic therapy is usually made on the 
an aminog, coside: basisof the effectiveness-to-risk ratio. This considera- 
$ tion 5 particularly important when an aminoglycoside 
^ antibiotic is indicated. 
The activity of Nebcin® (tobramycin sulfate, Lilly) 
Z& agairsta wide range of gram-negative organisms is 
# now vell known. A review of worldwide literature 
4: shows "that tobramycin has significant antibacterial 


activity and that it is the most potent of all aminogly- 
cosidss against P. aeruginosa. The antibacterial 
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activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bers of the Enterobacteriaceae are comparable, with tract infections 
L each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains cf any species." including burns 
Nebcin is indicated in the treatment of caused by susceptible strains of the following 
septicemia microorganisms: Pseudomonas aeruginosa, 








Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


= The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity. 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients). 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 


serious lower respiratory infections 
gastrointestinal infections, including 
peritonitis 


56 ie Ci Sak x val e 


References 

1. J. Infect. Dis., 134 (Supplement):S3, 1976. 

2. J. Antimicrob. Chemother., 4 (Supplement A):23, 1978. 
3. J. Antimicrob. Chemother., 4 (Supplement A):53, 1978. 
4. Med. J. Aust., 2(Special Supplement):22. 197 7 


tobramycin 


9 1M./IV 
® 





Ne 


tobramycin sulfate 


80 mg*in 2-ml ampoules 
*Equivalent to tobramycin. 





Please see following page for a brief summary of the prescribing information. 





800730 








"A anu 


cin’ 


tobramycin sulfate 


Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve i mpairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/m! should be avoided. Urine should be 

. examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 

; mycin, should be avoided. 
5, Nebcin should not be given concurrently with potent diuretics. Some 
Zr. diuretics themselves cause ototoxicity, and intravenously administered 
ZU diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 





Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
Ea and requires no refrigeration. 

= . - Indications and Usage: Nebcin is indicated for the treatment of serious infections 

AL caused by susceptible strains of the following microorganisms: Pseudomonas 

à aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 

s Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potential toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
: to its use. 

p- Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 
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Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN,.and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have en reported, especially in patients with a history of renal impairment who 
aretreated or longer periods or with higher doses than those recommended. 

Neurotox city — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reperted adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombccytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy- 

Suggested Dosage Guides —1.M./1.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal function)— 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, -he dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function)— 
Up to 4 mg. kg/day may be given in two equal doses every 12 hours. 

Dosage guide ines for adult or pediatric patients with reduced renal function — 

After a loacing dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determir= the reduced dose at eight-hour intervals, see the convenient nomogram 

in the packeze literature* To calculate normal dosage at prolonged intervals (if the 

creatinine cearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q(6X serum creatinine) h 

Neither regi nen should be used when dialysis is being performed. 

I. V. Adminis ration — The usua! volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted soluticn usually should be infused over a period of 20 to 60 minutes. 


*An alternate rougk guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-stat- serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table I Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Usual Dose for Maximum Dose for Life- 
Serious Infections Threatening Infections 
For Patient (Reduce as soon as possible) 
Weighing 1mg/kgq8h 1.66 mg/kgq8h 
kg Ib (Total, 3 mg/kg/day) (Total, 5 mg/kg/day) 
mg/dose ml/dose* 
q8h 

120 mg 3 mi 
115 mg 2.9 ml 
110 mg 2.75 ml 
105 mg 2.6 ml 
100 mg 2.5 ml 

95 mg 2.4 ml 

90 mg 2.25 ml 

85 mg 2.1 ml 

80 mg CANNE SU 

75 mg 1.9 ml 

70 mg 1.75 ml 

65 mg 1.6 ml 

60 mg 1.5 ml 

55 mg 1.4 ml 

50 mg 1.25 ml 

45 mg 1.1 ml 

40 mg 1 ml 





*Applicabie to al! procuct forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied: ^ mpoules (Vials) Nebcin® (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to totamycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks'" (multiwal cartons, Lilly) of 25. 

Ampoules (Vial .) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets® (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, 0.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been adiled to adjust the pH. [030476c) 


Additional information available to the profession 
on request from £li Lilly and Company, 
Indianapolis, Indiana 46206. 


Lilly Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 
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Identification of Heparin Resistance 


During Cardiac and Vascular Surgery 


Charles D. Mabry, MD; Raymond C. Read, MD; Bernard W. Thompson, MD; 


G. Doyne Williams, MD: Harold J. White, MD 


e An investigation of the response of the activated clotting 
time to systemic heparinization during cardiopulmonary bypass 
and peripheral vascular surgery was prompted by the death from 
clotting of a patient with endocarditis while undergoing valve 
replacement. The activated clotting time during cardiopulmonary 
bypass was thereafter maintained at 300 to 400 seconds. 
Consumption of heparin sodium, derived from an individual 
dose-response curve, was 0.01 to 3.86 units/kg/min. There was 
no correlation between initial heparin resistance and the subse- 
quent rate of consumption. Some patients undergoing peripheral 
vascular surgery required additional heparin after an initial 
standard dose of 8,000 units so as to maintain their activated 
clotting time at twice the control values. These data are 
discussed in relation to previous articles, and recommendations 
are made for adequate intraoperative heparinization. 

(Arch Surg 114:729-134, 1979) 


ven though heparin sodium was discovered in 1918 and 

has been used for more than 40 years in the preven- 

tion and treatment of thrombosis, its variable effects on 
anticoagulation are not fully understood.’ Furthermore, 
the anticoagulative effect of a given dose varies from 
patient to patiert."' Nevertheless, most surgeons continue 
to give a standard amount of heparin for anticoagulation 
and do not menitor its action. Our interest in man's 
response to heparin was prompted by the tragic death of a 
man with endocarditis from clotting while undergoing 
cardiopulmonary bypass (CPBP) despite the usual dose of 
heparin. Thereafter, we monitored the anticoagulative 
effects of heparin in patients having open heart 


surgery. 
REPORT OF A CASE 


A 25-year-old man came to the Little Rock (Ark) Veterans 
Administration Hospital on March 6, 1975, with the diagnosis of 
bacterial endocarditis. He had a history of heroin addiction, The 
patient was found to have a grade 3/6 holosystolic murmur with a 
2/6 diastolic murmur. Staphylococcus aureus (coagulase negative) 
grew from blood culture. Penicillin G potassium and streptomycin 
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sulfate were given until his fever abated (one week). Cardiac 
catheterization showed 4+ aortic regurgitation with a pulmonary 
capillary wedge pressure of 35 to 40 mm Hg and biventricular 
enlargement. Results of preoperative coagulation tests, including 
platelet count, prothrombin time, and partial thromboplastin time, 
were all within normal limits. The patient was considered to have 
severe aortic regurgitation secondary to bacterial endocarditis, 
and on April 10, 1975, he was operated on. He was given 300 
units/kg of beef lung heparin sodium intravenously before the 
CPBP was done. The pump prime contained 75 units/kg of beef 
lung heparin sodium, 44.7 mEq of NaHCO,, 12.5 g of mannitol, 
1,500 ml of 5% dextrose in Ringer's lactate, and 2 units of whole 
blood. A roller pump and an oxygenator were used with an arterial 
filter. The patient underwent CPBP without incident and a 
prosthesis was inserted after a badly diseased aortic valve was 


removed. As the aorta was being closed, 45 minutes after the . 


CPBP was instituted, clots were noted in the pericardium. Almost 
immediately, the resistance across the arterial line increased 
rapidly as clots appeared there. Before additional heparin could be 
injected into the pump, the venous line clotted. Vigorous resusci- 
tation attempts were initiated as CPBP was stopped, 53 minutes 
after it began. However, the patient died. Autopsy revealed a 
mycotic aneurysm of the mitral valve and subendocardial myocar- 
dial infarction. No evidence of disseminated intravascular coagu- 
lation or other sites of infection could be found. 


METHODS 
Activated Clotting Time (ACT) 


Anticoagulation was monitored using ACT.*' A total of 2 ml of 
blood, drawn from either the central venous catheter or the 
arterial line, was injected into a glass tube containing 12 mg of 
diatomaceous earth. The tube was inverted repeatedly for 30 
seconds and placed in a heat block at 37 °C. It was then removed 
and rolled at 15-second intervals. A stopwatch was started with the 
injection of blood into the ACT tube and stopped when the first 
small elots were noted to cling to its sides. 


CPBP 


Heparin sodium (150 to 300 units/kg) was given intravenously 
and 25 to 250 units/kg added to the pump prime as detailed 
previously in the case report. The ACTs were obtained before 
heparinization, five minutes after perfusion began, and at 30- 
minute intervals thereafter. If additional heparin was given, an 
ACT was obtained five minutes later. Protamine sulfate was given 
(1.2 mg/100 units of heparin sodium per kilogram) at the end of 
bypass. A final ACT was obtained ten to 15 minutes later to ensure 
adequate reversal. 


Heparin Dose-response Curve 


A dose-response curve for heparin was obtained for each patient 
by the method of Bull et al.** The ACT was plotted on the y axis 
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against the amount of heparin on the x axis. The initial (control) 
ACT was plotted against the initial heparin level (0 units/kg). 
Similarly, the ACT, five minutes after the intravenous (IV) 
injection of heparin, was plotted against the amount adminis- 
tered. Five minutes after the CPBP was instituted, another ACT 
was obtained. This value (ACT,) was plotted against the accumu- 
lated (injeetion and pump prime) dose of heparin. These three 
coordinates (one control and two after heparin) were used to 
construct a dose-response curve by drawing the best curve. 
Thereafter, heparin levels were calculated by extrapolation from 
the measured ACT, using the individual dose-response curve 
(Fig 1). 


Peripheral Vascular Surgery (PVS) 


Patients received 8,000 units of heparin sodium intravenously 
before intraoperative manipulation of the blood vessels. The ACT's 
were obtained before and five minutes after heparinization. 
Additional ACTs were determined at 30-minute intervals there- 
after and five minutes after any supplemental heparin was given 
to maintain the ACT at 180 to 200 seconds, or twice the control 
value. Protamine sulfate was given (in a ratio of 1.2 mg/100 units 
of ealeulated heparin) if the ACT at the conclusion of the operation 
was longer than 150 seconds. A final ACT was obtained ten to 15 
minutes later to ensure complete reversal. 


RESULTS 
CPBP 


A total of 454 patients undergoing CPBP after July 1975 
had their ACTs monitored. There were 350 men and 104 
women aged 17 to 78 years (mean, 50 years). Patients were 
operated on at the VA Hospital (119) and the University of 
Arkansas Hospital, Little Rock (335). Aortocoronary 
bypass was performed in 301 patients, and 124 patients 
underwent valve replacement. Another 29 patients had 
miscellaneous cardiac procedures done. Charts of patients 
at the VA Hospital undergoing CPBP were reviewed in the 
time period before (116) and after (119) ACT control of 
heparinization was instituted. 

Initial Response to Heparin.— The ACT value five minutes 
after the start of CPBP (ACT,) was taken to be the 
patient's initial response to heparin, a measure of heparin 
resistance. The ACT, in our patients ranged from 245 to 
810 seconds (mean, 447 + 102 seconds). The total amount of 
heparin sodium (injected and prime) given was 200 to 530 
units/kg (mean, + standard deviation of 354 + 111) (Fig 
2). This large range reflects our earlier experience with 
incremental injections to obtain an initial ACT value of at 
least 300 seconds. Later, following the work of Doty et al’ 
and Young et al," we increased this threshold to 400 
seconds. There was no correlation between the initial 
response to heparin and the patient's age, weight, sex, or 
disease. 

Consumption of Heparin.—The ACT values at 30, 60, 90, 
and 120 minutes were mean + standard deviation of 
378 + 67, 352 + 59, 339 + 45, and 330 + 35 (values in 
seconds). These ACT values were used to calculate heparin 
levels. They were (units per kilogram) mean + standard 
deviation of 271+ 75, 250+ 71.3, 246+ 754, and 
235 + 78.1. The average rate of heparin consumption was 
derived for each individual by taking the initial amount of 
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heparin given (injected and pump) and adding it to any 
additional heparin administered, then substracting the 
caleulated heparin level at the conclusion of CPBP, and 
dividing that by the time of bypass. The range of consump- 
tion varied from 0.01 to 3.86 units/kg/min, with a mean 
+ standard deviation of 1.97 + 1.12 units/kg/min for our 
454 patients (Fig 3 and 4). A total of 153 (33.6%) of the 454 
patients required additional heparin within the first 120 
minutes of CPBP to maintain the ACT for at least 300 
seconds. This additional heparin sodium amounted to 10 to 
300 units/kg, with a mean of 65 units/kg. There was no 
difference in the supplemental heparin requirement 
between patients undergoing coronary artery bypass and 
those uncergoing valve replacement. Utilization of heparin 
(consumption) did not correlate with body weight, age, or 
sex. 

Initial Dose of Heparin vs Rate of Consumption.— To see if 
the initial dose of heparin had any influence on the 
subsequent rate of heparin consumption, these variables 
were plotted (Fig 3). No relationship was found. 

Heparin Resistance vs Rate of Consumption.— The slope of 
each individual heparin dose-response curve was used as a 
representation of heparin resistance, ie, the higher the 
slope, the more sensitive a patient was to heparin; the 
lower, the more resistant. When plotted against the rate of 
heparin consumption (Fig 4), no correlation could be 
demonstrated. 

Calculated Heparin Levels.—To test the accuracy of the 
method of Bull et al** for calculating heparin levels from 
the ACT cose-response curve, we compared the derived 
values before and after known amounts of heparin were 
given as supplementation. The difference between the 
heparin levels predicted from supplemental heparin and 
that derived from the observed ACT (Fig 1), divided by the 
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Fig 1.—A indicates control activated clotting time (ACT); B, ACT. 
after initial intravenous sodium heparin; C, ACT five minutes after 
cardiopulmonary bypass was instituted (ACT,); D, ACT at one 
hour (corresponding heparin level is derived from heparin dose- 
response curve [200 units/kg]). Minimal desired ACT level is 
shown at 1; amount of supplemental heparin needed to raise the 
ACT to 400 seconds is extrapolated at 2; E is ACT, after additional 
heparin has been added; and 3 is difference between predicted 
and observed heparin levels. 
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latter, indicated the accuracy. The formula used was as 
follows: %A = (H, — H.)/H, x 100, where %A equals the 
differenee between “predicted” and "observed" heparin 
levels; H. equals the heparin level derived from ACT 
measured before supplemental heparin plus the dose of 
supplemental heparin; and H, equals the observed heparin 
level derived from ACT obtained after supplemental hepa- 
rinization. The aeeuracy (%A) in 153 patients receiving 
supplemental heparin ranged from 0% to 25% with a mean 
+ standard deviatien of 6.4% + 5.5%. 


Fig 2.—The ACT “ive minutes after 
cardiopulmonary bypass was insti- 
tuted is plottec acainst initial hepa- 
rin dose. Large dot represents 
patient undergeirg PVS who was 
given twice t»e norma dose of 
heparin. 


ACT IN SECS. 


Fig 3.—There wes no relationship 
between initial sodium heparin dose 
and subsequent consumption. Note 
higher rate of consumption in some 
patients undergcing cardiopulmo- 
nary bypass. Large square repre- 
sents patient uncergoing PVS who 
was given twice the usual dose of 
heparin. 
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PVS 


Intraoperative anticoagulation was monitored consecu- 


tively using ACTs in 84 men undergoing PVS at the Little 


Rock VA Hospital. There were 48 aortofemoral bifurcation 
grafts, nine femoropopliteal or femorotibial grafts, five 
carotid-subclavian grafts, and 23 carotid endarterectomies. 
Ages ranged from 35 to 76 years, with a mean of 60 years. 
There was a narrower range of ACTs intraoperatively than 
during CPBP, with mean + standard deviations (values in 
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Fig 4.—There was no correlation 
between rate of sodium heparin 
consumption and initial heparin 
resistance (represented by slope of 
dose-response curve). Large 
square represents patient who was 
undergoing PVS and who was given 
245 units/kg of heparin (twice the 
usual amount). Resistance is not. 
related to heparin consumption in 
this range. 


3.0 


RATE OF HEPARIN CONSUMPTION UNITS/ kg/min. 


375 PVS 
300 . 
S * B e 
S. "Fut 
e e e tte 
eee * ee o . 
: E e ot 
Q es ie. e E r 
a em ee s Y x 
- 200 LES PLU Ne. E 
e oè E 
"5 * » ae Lt 
S PE 
NX 


100 


o P TEE SN UE SORE A EEE a Ae ALOE 


100 200 
HEPARIN UNITS/kg BODY WEIGHT 


Fig 5.—In PVS as in cardiopulmonary bypass (Fig 2) the ACT five 
minutes after cardiopulmonary bypass varies considerably for 
given dose of sodium heparin. Note number of patients with an 
initial ACT less than twice control after a standard dose of 8,000 
units of sodium heparin. 


seconds) at 5, 30, 60, 90, and 120 minutes of 207 + 56, 
210 + 20.2, 177 + 43, 174 + 32, and 152 + 28. Mean hepa- 
rin sodium levels + standard deviation (units/kg) for the 
same time interval were 144 + 23.5, 96.3 + 30, 86 + 36.2, 
69.5 + 41, and 53.6 + 34. Sixteen patients (18.6%) received 
additional heparin sodium within the first two hours of the 
operation (range, 20 to 150 units/kg; with a mean + stan- 
dard deviation of 46.7 + 21.3 units/kg) to maintain an 
adequate ACT. When the initial dose of heparin was 
plotted against the ACT (Fig 5), no correlation existed. 
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Fig 6.—Record of ACTs of 52-year-old man who underwent aortic 
valve rep—&cement and coronary artery bypass. After average 
dose (324 units/kg), ACT five minutes after cardiopulmonary 
bypass wes short (290 seconds) indicating initial heparin sodium 
resistance. He consumed heparin rapidly (2.46 units/kg/min). If 
supplemental heparin had not been given (monitored by ACT), 
ACT world presumably have decreased disastrously as 
projected. 


The mean rate of heparin sodium consumption ranged 
from 0.5 to 2.2 units/kg/min, with a mean + standard 
deviation of 0.79 + 0.28 units/kg/min (Fig 3 and 4). The 
rate of cmsumption was not affected by the initial dose of 
heparin given (Fig 3). The slope of the heparin dose- 
response curve was determined for each patient and 
plotted against the rate of consumption (Fig 4). No corre- 
lation ex sted. Similarly, the type of operation, age, or 
weight of the patient did not relate to either heparin 
resistance or consumption. 
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Units of Blood (Mean + Standard Deviation) Used in 
Patients Undergoing Cardiopulmonary Bypass 


Postopera- 
No. of Intraopera- lively 
Patients tively (24 hr) Total 


116 5.30+1.83 2.74+2.38 8.04+3.12 
4.58+2.08 2.33+1.93 684+2.94 


With ACT, 119 





*ACT. indicates ACT five minutes after cardiopulmonary bypass. 


COMMENT 


Heparin is unlike most drugs in that inadequate dosage 
is more dangerous than the reverse. In addition, its 
manufacture from animal sources ensures variability in 
potency despite attempts at standardization." Surgeons 
have for years used heparin for intraoperative anticoagu- 
lation with little regard to these facts. Surprisingly, there 
is almest no literature on clotting during CPBP. Neverthe- 
less, isolated instances of intraoperative clotting during 
CPBP have occurrec similar to that which occurred in our 
own institution. Yet, the main concern has been bleeding 
from either exeessive anticoagulation or inadequate 
neutralization with protamine. This problem has been 
investigated by ethers who have suggested monitoring 
heparin reversal with various standard coagulation 
tests. ^ Hill et al,“ in 1974, used the then newly intro- 


duced ACT to ensure adequate anticoagulation in patients 


undergoing long-term support with a membrane oxygena- 
tor. He noted considerable individual variation in his 
patients’ response to heparin. Bull et al^? in 1975 used an 
ACT dose-response curve to obtain more precise and 
uniform heparinization. 

We, like most surgeons who perform open heart surgery, 
had always administered a standard dose of heparin before 
instituting CPBP. The amount given increased over the 
years, with longer procedures, from 200 to 300 units/kg. 
The death of a young man during CPBP from clotting 
despite our usual heparin dosage raised a number of 
questions. First, are patients with endocarditis peculiarly 
resistant to heparin? Second, since it was almost an hour 
before clotting occurred in this patient, was the problem 
one of too rapid consumption despite adequate initial 
heparinization? Finally, how could we prevent a recurrence 
of such a tragedy? 

Patients with endocarditis often exhibit abnormal coag- 
ulation.^^' They may have excessive bleeding, increased 
thrombotic tendency, or both. The following several causes 
of hypercoagulation in sepsis have been identified: activa- 
tion of platelets, disseminated intravascular coagula- 
tion,” ** reduced antithrombin III (heparin cofactor), and 
binding of heparin by antibiotics." Some of our patients 
with endocarditis were resistant to heparin. However, 
others were not and a similar proportion of individuals 
undergoing coronary artery bypass or valve replacement 
required excessive amounts of heparin. Therefore, endo- 
carditis alone does not appear to cause increased consump- 
tion ef heparin. 

Although other eoagulation tests have been used in 
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CPBP (eg, the BART, BaSon, and aPTT tests) Pto y we 


have found the ACT that was first described by Hattersly,’ 3 
to be simple and rapid, as have others." Anasanat E 
Heparin levels calculated by us using this technique were . 


accurate within 10%. The "safe" level of ACT for patients 
undergoing CPBP has been empirically set by many 
groups at 300 seconds since gross clotting has not been 
observed above this threshold. However, Doty et al," 
Young et al, and Kisker et al” have recently detected 
intraoperative coagulation by demonstrating low levels of 
fibrin monomer at ACT levels less than 400 seconds. 
Accordingly, we have increased our "safe" level of antico- 
agulaticn. There was an unpredictable threefold spread in 
the dose of heparin required for initial heparinization. Such 


heparin resistance has been noted by others^*5*s*5im — | 





a variety of conditions. Some individuals were overly — | 


sensitive to heparin; however, hypocoagulability has not — 


posed a problem, since protamine-reversal monitored by 
the ACT has consistently prevented excessive postopera- 


tive bleeding from residual heparin. In fact, ACT- _ 


controlled heparinization has reduced blood require- 
ments. 


coagulation, dilution, absorption by body tissues, metabo- 
lism, and exceretion.*"'*-* Consumption of heparin 


Decay of heparin levels during CPBP has been related to ; 5 i 


varied substantially in our patients (0.01 to 3.86 units/  . 4 


kg/min). In some it was so rapid that even though initial 
heparinization was adequate, the patients’ ACTs would 


have fallen into dangerously low levels (< 300 seconds) if — ra 


additional heparin had not been supplied (Fig 6). We 
believe this phenomenon rather than initial resistance to 
heparin was responsible for the death of the patient 
described here since clotting did not ensue until 45 minutes 
aftr CPBP was instituted. Interestingly enough, in our 
patients, there was no relationship between initial 
resistance to heparinization and subsequent consumption. 


The range of heparin consumption agrees with that 


reported by others (0.2 to 2.1 units/kg/min).*  !*?** 


Did our monitoring of coagulation during CPBP with the - = 


ACT test benefit the patient? Certainly, we had no further 
instances of intraoperative clotting. In addition, it was our 
impression that even though we used a higher threshold for 
heparinization during the procedure, the blood loss in the 
postoperative period decreased after we adopted the ACT 
technique. This observation was confirmed by an analysis 
of cases performed before and after ACT monitoring was 
introduced (Table). The Table shows that despite mainte- 
nance of a known heparin level during surgery, the blood 
replacement was less intraoperatively, postoperatively, 
and overall. 

In peripheral vascular surgery, heparin was first applied 
topically. It was later administered peripherally to prevent 
clotting during interruption of blood flow. Only recently 
has systemic heparinization by IV injection been recom- 
mended to obviate washout from collateral flow. How much 
heparin should be given? Manny et al monitored anticoag- 
ulation during PVS using the PTT. They studied 15 cases 
and concluded that 75 units/kg was adequate. Jacobsen et 
al" used ACT monitoring in 16 patients undergoing vascu- 
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lar surgery. They showed significant patient variation in 
response to heparin and described this test as an accurate 
and valuable procedure for measuring anticoagulation 
intraoperatively and reversing it after surgery. Since with 
the use of 85 to 180 units/kg of heparin 16 of our 84 
patients required supplemental heparin to maintain their 
ACT twice normal, we now recommend a higher standard 
dose of 120 units/kg. The rate of heparin consumption 
tended to be lower than that obtained with CPBP, probably 
due to pump-related trauma to the circulating blood releas- 
ing procoagulants. 


CONCLUSIONS 


Our results indicate the following: (1) The ACT is an 
accurate way of monitoring anticoagulation and can be 
easily performed by a technician in the operating room. 
During CPBP it should be held longer than 400 seconds by 
supplemental heparinization. (2) The response to heparin is 
twofold, an initial sensitivity or resistance is followed by 
an independent and variable rate of consumption. (3) The 
patient's heparin dose-response curve should be used to 
calculate heparin levels and, therefore, the amount of 
protamine to be used for neutralization. (4) Systemie 
heparinization, maintaining an ACT twice the control, is 
adequate for PVS. Protamine is given only if the final ACT 
exceeds 150 seconds. 


The ACT determinations were done by pump technicians Jane Calloway, 
Sherry Faulkner, John Williams, Joe Womble, and Elvis Wright. 
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Invited Editorial Comment 


The authars report extensive experience with the technique of 
Bull et al using the ACT and construction of a dose-response curve 
for regulation of heparin administration during CPBP. They find 
the method convenient and practical, and they believe that they 
have thereby reduced postoperative blood loss. One cannot quarrel 
with the theoretical merit of individualization of heparin dosage, 
in view of patient variation in response to the drug, although the 
proper intensity of therapeutic effect for optimal results remains 
unknown. Further studies will be required to clarify the latter 
issue. 

EDWIN W. SALZMAN, MD 


Boston 
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Daearbazine and Melphalan 


Enharcement by Dosage Scheduling of the Effect in Combination 
Treatment on the Harding-Passey Melanoma in C3D2F1 Mice 


Helene Z Hill, PhD; George J. Hill II, MD; John Szramowski 


* The best combination and schedule for dacarbazine and 
melphalzn with the Harding-Passey melanoma in C3D2F1 mice 
is achiewed when dacarbazine is administered first, followed by 


melphalen, given on either the day of dacarbazine therapy or the | 


first three days after dacarbazine is given. When dacarbazine is 
given first, followed by melphalan on day 0, 1, 2, or 3, the effect of 
the two drugs is considerably more than additive. Other sched- 
ules reduce the outcome to a simple additive effect, or to an 
outcome that is less than additive, in which the combination is 
less effective than melphalan used alone. The effect of variations 
in the order and schedule of drug administration should be 
investigeted in future trials of cancer chemotherapeutic agents, 
since prefound effects may occur with these variations. 
(Arch Surg 114:135-138, 1979) 


Hz melanoma exhibits a response rate to dacarba- 
zine of approximately 2595. This agent is the most 
extensively used for chemotherapy of disseminated mela- 
noma. I- has been studied in combination with a number of 
other chemotherapeutic agents and the general consensus 
is that combination therapy has been no more effective 
than da^arbazine alone. Melphalan was designed to be an 
antimelanoma agent. It has not been particularly effective 
systemizally, but has produced signifieant tumor regres- 
sions in some patients when utilized in limb perfusions. 
The combination of dacarbazine and melphalan does not 
appear -o have been studied in therapeutic trials. 

The present study represents a continuation of our 
studies of mouse melanoma chemotherapy with use of 
three ar timelanoma agents that have been utilized against 
human tumors. In our first report,’ we studied the effects 
of dacarbazine, semustine and melphalan against the B16, 
Cloudman S91, and Harding-Passey (HP) mouse melano- 
mas. We found that the HP tumor was the most responsive 
to all three antimelanoma agents. Few chemotherapeutic 
studies have used the HP tumor, B16 being the tumor of 
choice Ey most investigators. In our studies, HP was the 
only one of the three tumors that exhibited significant 
respons> to single doses of dacarbazine and was quite 
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responsive to multiple injections. In the present communi- 
cation, we report that dacarbazine and melphalan enhance 
the prolongation of survival beyond the expected additive 
effect based on survival after either drug alone and that 
this effect is dependent on the schedule of the drugs. 


MATERIALS AND METHODS 


We obtained C3D2F1/J and C57BL/6J female mice under 3 
months of age. The HP tumor was obtained and serially passaged 
subcutaneously. The B16 BX strain was described previously.’ 
Single cell suspensions were obtained by mincing the excised 
tumor and passing the cells through a sterile 80-mesh stainless 
steel screen in alpha modification of Eagle’s minimal essential 
medium containing 3-(N-morpholino) propane sulfonic acid, 4.08 
g/L. The donor mice for each experiment were inoculated with 10° 
viable cells intraperitoneally about three weeks prior to day 0 of 
the experiment. Cells were harvested from these mice and inocu- 
lated intraperitoneally into the experimental mice at 10° viable 
cells (as determined by trypan blue exclusion) per mouse on day 0. 
Experimental cages contained five mice each. There were three 
cages of untreated control mice. The first control cage was 
injected at the start of the series of tumor cell injections, the 
second cage was injected in the middle, and the third cage was 
injected last. 


Drugs 


Dacarbazine (NSC-45388, 5-(3,3-dimethyl-1-triazeno)-imidazole- 
4-carboxamide) was dissolved in 1% citric acid and 0.5% mannitol 
at a concentration of 10 mg/mL. Melphalan (NSC-8806, L-phenyl- 
alanine mustard) was dissolved in melphalan solvent, as follows: 
for every 100 mg of melphalan there were 10 mL containing 0.046 
mL of hydrochloride (36%), 1 mL of ethyl alcohol, 108 mg of 
potassium dibasic phosphate, and 5.4 mL of propylene glycol 
brought to volume with sterile distilled water. For injection, this 
solution was appropriately diluted with 0.15M saline. Drugs were 
given intraperitoneally in a volume not exceeding 0.25 mL. Drugs 
administered on day 0 were given within three hours of tumor 
injection. 

For beth drugs administered on day 0, all mice in the cage were 
given the first drug and this was immediately followed by 
administration of the second drug. Cage counts were made daily 
until all mice were dead or until the experiment was terminated, 
at which time the survivors were killed. 


Tabulation of Results 


The median survival time for each treatment was determined. 
Increase in life span is the difference between the median survival 
time of the experimentally treated mice and their respective 
controls, expressed in units of time (days) or as a percentage of the 
median survival time of the controls. An additive effect (occurs if 
mice given drug 1 and drug 2 have life span increases equal to the 
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_ alone. Enhancement (synergism) is seen when the increase in life - 
span of mice given drug 1 plus drug 2 is a significant (P < .05) 
improvement over the anticipated additive effect of the two 
drugs. This definition is based on the assumption that there exists 


a linear relationship between the logarithm of the number of cells 
surviving the single drug treatment and the median survival 
time.’ In our previous communication,’ we demonstrated that this 
relationship existed for the HP tumor for the range of viable 
tumor cells from 3 x 10° to 3 x 10°. We consider increase in life 
span of 25% to be the margin of significance.'^ 


RESULTS 
Dose Response 


The percent increase in life span as a function of the dose 
of dacarbazine and of melphalan is shown in Table 1. There 
was a significant increase in life span (greater than 25% 
inerease over control survival) for dacarbazine at 150 


Table 1.—Single Drug Therapy of Harding-Passey 
Melanoma With Either Dacarbazine or Melphalan* 


Average 
ILS, 
Controls %t 


Average MST, Days? 

Drug Dose, 
mg/kg 

Dacarbazine 

100 28.8 + 2.2 


Long-term 


Experimental Survivors 


Melphalan 
0.5 27 


1.0 35.0 

2.0 37 

5.0 39.4 + 4.8 
7.5 415+ 7.8 





*C3D2F1 mice were injected with 10° tumor cells intraperitoneally, 
followed within three hours by drugs. Long-term survivors were counted at 
100 days. 

TMedian survival time (mean + SD). 

ilncrease in life span. 
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tive. We selected 100 mg/kg of dacarbazine for combina- 
tion studies, as this dose was nontoxic and potentially 
effective as a single dose. Melphalan produced significant 
increase im life span for doses greater than 1 mg/kg. We 
selected 5 to 7.5 mg/kg for combination studies, as these 
doses were nontoxie, therapeutically effective, and 
produced a low frequency of long-term survivors. We 
hoped thereby to produce an all-or-none effect with combi- 
nations that might produce a large percentage of cures. 





Combination Treatment With 
Dacarbazine and Melphalan 


Table 2 summarizes the results of three experiments 
using eombinations of dacarbazine and melphalan. The 
first experiment was a preliminary one to test whether 
there was any possible scheduling effect when these two 
drugs wer» used together. The dose of melphalan in this 
first experiment was 7.5 mg/kg and the two drugs were 
administered simultaneously on day 0. The data from 
experimen£s 2 and 3, in which 5 mg/kg of melphalan was 
used, are cualitatively similar to each other, but differ to 
some degr»e quantitatively. 

In both of these experiments, when dacarbazine was 
administered on day 0, followed by melphalan, there was 
probable care of the mice if melphalan was administered 
on day 1. If melphalan was administered on day 0, imme- 
diately after dacarbazine, the median survival of the mice 
exceeded tae termination day of the experiment in experi- 
ment 2, while in experiment 3, only two of five mice 
survived uatil the end of the experiment. In experiment 2, 
there was z decline in effectiveness as the interval between 
dacarbazine and melphalan administration was prolonged, 
so that the median survival time of the mice receiving the 
combinatim (with melphalan administered on day 3 or 
later) was paradoxically less than the median survival of 


Table 2.—Combination Therapy of Harding-Passey Melanoma With Dacarbazine and Melphalan* 


MST, Days Survival, Day MST, Lays Survival, Day MST, Days Survival, Day 
Schedule (Experiment 1): 120 (Experiment 2)1 100 (Experiment 3)7 140 


Controls (no treatment) 24.5 0/15 25.8 0/15 20.5 0/15 


Dacarbazine day 0, 100 mg/kg 27.3 28.5 0/5 26.5 0/5 


0/5 
Melphalan day 0, 7.5 mg/kg 35.5 0/5 SRA T 
Melphalan day 0, 5.0 mg/kg brats ; 43.5 37.8 
Additive effect, calculated 38.3 : 46.5 ; 43.8 


D atas 0/5 
i Sate 0/5 
















acarbazine day 0 plus melphalan day 10 «s die 41.5 





Melphalan day 0 plus dacarbazine day 3 te 47.£ 1/5 54.5 
Melphalan day 0 plus dacarbazine day 4 Brava 62.6 0/5 53.5 1/5 
Melphalan day 0 plus dacarbazine day 7 oe 42.8 0/5 38.5 0/5 


A 59.5 1/5 


Melphalan day 0 plus dacarbazine day 10 





*Mice were injected with 10* viable tumor cells intraperitoneally on day zero, followed by the drugs as indicated. Experiment one terminated at 120 days, 
experiment two at 100 days, and experiment three at 140 days. The survivors on the last day ofeach experiment are indicated in the column adjacent to the 
median survival time. The additive effect (calculated) of the two drugs represents the sum of the increases in median survival time produced by each drug 
when used as a single agent. 

TMedian survival time. 

iOne mouse died on day 14. Autopsy showed no sign of tumor. 
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Day of Second Drug 


Fig 1.—Effect of scheduling of dacarbazine and melphalan: 
C3D2F1 mice were given 10* viable tumor cells intraperitoneally 
(IP) on day 0, followed by dacarbazine on day 0 (open circles) and 
melphalan on day 0 or subsequent days, or melphalan on day 0 
(closed circles), followed by dacarbazine on day 0, or on subse- 
quent days. Numbers under each point represent number of mice 
out of total number surviving beyond 100 days for two experi- 
ments combined. Vertical arrows denote median survival of 
greater than 100 days. Second experiment was continued for 140 
days, with no further deaths (triangle indicates dacarbazine 
alone; inverted triengle, melphalan alone). 


Fig 2.—Effect of day cf treatment of single agents: C3D2F1 mice 
received 10° viable tumor cells intraperitoneally (IP) on day 0, 
followed by either dacarbazine (top) or melphalan (bottom) on 
day 0 or on subsequent days. Upper control line represents 
median survival time of controls for experiment 1 (open circles); 
lower control line, median survival time of controls for experiment 
2 (closed circles). Dose of dacarbazine in these experiments was 
150 mg/kg. In experiment 1, there was one long-term survivor 
(longer than 120 days) for dacarbazine administered on day 0, 
and one long-term survivor for melphalan administered on day 1. 
In experiment 2, there were no long-term survivors (longer than 
120 days). 
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Fig 3.—Effect of scheduling of dacarbazine and melphalan on B16 
melanoma. No mice in this experiment survived beyond 50 days 
(open circles indicate dacarbazine on day zero; closed circles, 
melphalan on day zero; IP, intraperitoneally). 


those mice receiving melphalan alone. In experiment 3, the 
mice receiving melphalan on later days still exhibited a 
prolonged increase in survival that did, however, drop 
within or below the additive range by day 7. The number of 
long-term survivors in both experiments also dropped as 
the interval between administration of the two drugs was 
increased. 

When melphalan was administered on day 0 and was 
followed by dacarbazine in experiment 2, survival flue- 
tuated, but in general, an additive effect was seen. In 
experiment 3, there was an increase in survival beyond the 
additive level for all schedules except melphalan on day 0 
and dacarbazine on day 7, in which case the median 
survival time was less than additive. However, there were 
no increases in survival as dramatie as were seen when 
dacarbazine was the first drug administered. In both 
experiments, there were more long-term survivors when 
the interval between the two drugs was one day than there 
were for other intervals. Again, as the interval between the 
drugs increased, the number of long-term survivors 
decreased. The results of experiments 2 and 3 are averaged 
and displayed graphically in Fig 1. 

For pooled data from experiments 2 and 3, the x? test 
was applied to each dosage interval, compared with the 
combination of dacarbazine on day 0, and melphalan on day 
1. All schedules differed significantly (P < .01) from the 
most successful schedule, except for dacarbazine day 0 and 
melphalan day 2, for which the P value was <.05, and 
dacarbazine day 0, melphalan day 0, for which P = .05. 


Effect of Day of Administration of Single Agents 


We considered the possibility that the enhanced survival 
produced when melphalan was administered after dacarba- 
zine could be due to a greater effectiveness of melphalan 
alone administered on the days subsequent to tumor cell 
injection. Two experiments were therefore performed to 
determine the effect of day of treatment of each agent 
when administered singly. In these experiments, the dose 
of dacarbazine was increased to 150 mg/kg to produce a 
more definitive response. These are shown in Fig 2. When 
dacarbazine was administered on day 0 or on subsequent 
days, there was no significant difference in the median 
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.. effective when administered on day 13 in one experiment. 


Melphalan, on the other hand, appeared to be most effec- 
tive when administered soon after tumor cell injection. 
Melphalan appeared to be maximally effective when 
administered on days 0 through 4 and was possibly most 
effective when administered on day 1 or 2. Administration 
beyond day 5 was less effective at prolonging survival, 
although there was an upward trend at later times. 


Effect of Scheduling of Dacarbazine and 
Melphalan on B16 Melanoma 


To determine whether the enhancement of survival 
observed with these two drugs against the HP melanoma 
was a phenomenon applicable to other transplantable 
melanomas, the scheduling experiment was repeated with 
use of B16 melanoma grown in C57BL/6 mice. With this 
tumor, single injections of dacarbazine alone at 100 mg/kg 
have been only marginally effective? whereas melphalan 
has been an effective chemotherapeutic agent. The results 
are shown in Fig 3. It is apparent from Fig 3 that, when 
melphalan was administered first, dacarbazine had no 
additional effect on survival. On the other hand, when 
dacarbazine was administered first, there was a trend 
suggesting that the combination was more effective at 
early times (but not significantly so), becoming less and 
less effective as the interval inereased between the drugs, 
so that when melphalan was administered on day 10, the 
increase in survival was not significantly different from 
that in controls. 


COMMENT 


The HP tumor was used in these experiments because it 
is a melanoma that, like approximately 2576 of human 
melanomas, is responsive to dacarbazine. Our research 
suggests that this tumor also responds well to melphalan. 
It is apparent that the effectiveness of these two drugs in 
combination treatment of the HP melanoma can be greatly 
improved by proper scheduling. Our results suggest that 
improper scheduling can actually be deleterious. Thus, 
when dacarbazine was administered on day 0, followed by 
melphalan on days 0, 1, 2, or 3, there was a considerable 
inerease in life span, compared with the survival that 
would have been predicted by a simple additive effect of 
the two drugs given individually. However, beyond day 
four, there appeared to be a decrease in the effectiveness 
of the combination, since survivals fell below the additive 
level. Both the order of administration and the interval 
between the two drugs appear to have important conse- 
quences with respect to survival. The trend toward 
improvement in survival occurred no matter which drug 
was administered first, provided the interval was short 
(zero to three days). The improvement was far greater, 
however, when dacarbazine was the first drug adminis- 
tered. 

The days that melphalan was most effective following 
dacarbazine on day 0 correlate with the days that melphal- 
an was most effective when administered alone. In some 
way, then, the initial dose of dacarbazine may enhance the 
natural effectiveness of melphalan. 

Melphalan is not commonly used in human melanoma 
treatment because its therapeutic ratio (toxic vs beneficial 
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group (LD,,) for melphalan in mice ranges from 9 to 18 
mg/kg per single dose in several mouse strains.’ The 5 
mg/kg dose used in these experiments is thus well below 
the LD,,. The Southern Research Institute in Birmingham, 
Ala, reports an LD,, for dacarbazine ranging from 374 to 
408 mg/kg per single dose. However, none of our mice have 
tolerated a dose greater than 300 mg/kg and many did not 
tolerate 200 mg/kg. We are currently investigating the 
therapeutic effect of lower doses of both melphalan and 
dacarbazine. 

Dacarbazine and melphalan combination therapy of B16 
melanoma was not as effective as combination therapy for 
HP melanoma, but there are some qualitative similarities 
in the results. There appears to be some enhancement of 
survival when dacarbazine was given on day 0, followed by 
melphalan, if the interval between the two drugs was 
short. Increase in the interval resulted in progressively 
decreased survival times. And as with HP melanoma, when 
melphalan was given first followed by dacarbazine, no 
enhancement of survival occurred. 

The question may be raised regarding the suitability of 
this system as a model for human melanoma chemothera- 
py. Certainly, the state of the cells when they are initially 
injected into the mice is different from that of the cells in 
spontaneous tumors. There may indeed be some selection 
for atypical cells in the peritoneal cavity of the host after 
mincing and injection of the donor tumor. On the other 
hand, potential synergisms may be recognized in such a 
system, while they may be missed when therapy is studied 
in well established tumors, which are proportionally larger 
when first detected. 

It is interesting to note that the B16 tumor does not 
exhibit as good a response as the HP tumor to dacarbazine 
and melphalan. In humans, not all melanomas are alike, 
and this clearly is the case with respect to mouse melano- 
mas, as well. It is hoped that the HP tumor will be a good 
model for ene class of human melanomas, while the B16 
melanoma may represent some other class. 

Dacarbazine was provided by Dome Laboratories, West Haven, Conn. 


Melphalan was provided by Drug Synthesis and Chemistry Branch, Division 
of Cancer Trestment, National Cancer Institute, Bethesda, Md. 


Nonproprietary Names and Trademarks of Drugs 


Dacarbazine—DTIC-Dome. 
Melphalan—Alkeran. 
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ERE Amikacin] also has the remarkable “Amikacin sulfate...should be 
property...of being inactivated by only the empiric agent of choice for patients 
one amincglycoside-inactivating enzyme." with serious sepsis. 


Yow MD, An Overview of Pediatric Experience with Hewitt WL, Gram-Negative Sepsis Symposium, Boston, 
Amikacin. Am J Med (special issue): 167-171, June 1977. Massachusetts, January 24, 1976 


“All isolates were inhibited by amikacin and 
95% were killed by concentrations achievable 
in serum with recommended doses. 


“The standard dose of amikacin usually 
produces a peak serum concentration which 
is five times the MIC of most pathogens.” 


Leonard JM, McGee ZA, Alford RH: Gentamicin-resistant bacillary intection 


Trenholme GM, McKellar PP, Rivera N, et al: Amikacin in the treatment of Arch Intern Med 138:201-205, Feb. 1977 
gram-negative pneumonia. Am J Med 62:949-953, June 1977. 


“All serum levels obtained within three hours 

“When these 17 patients, who had previously following a dose of amikacin exceeded the 
failed to respond to gentamicin therapy, were MIC’s of the infecting organisms...’ 
treated with amikacin, the response was Pollock AA, et al: Amikacin therapy for serious gram-negative infection, JAMA 
favorable Ta 16.” 237:562-564, Feb. 1977. 


Tally FP, Gorbach SL: Reviewof 152 patients with bacteremias treated with 


amikacin. Am J Med 62:940-944, June 1977. “High serum levels of amikacin were obtained 


with no evidence of renal or ototoxicity.’ 


Eller JJ, et al: Amikacin treatment of pseudomonas pneumonia in cystic fibrosis 


"In general, against many gra m-negative patients with advanced pulmonary involvement. Am J Med (special issue): 
bacterial species, amikacin is the most jr at d i 
effective antibiotic currently available for 
use..." “..amikacin is effective therapy for severe 
Marget W. Reindxe B, Versmold H: use of amikacin in a hospital for children: gram-negative infections and is no more 
Nee oae as clinical studies. J Infect Dis 134 (suppl): 8412-8419, ototoxic or nephrotoxic than gentamicin.’ 


Smith CR, Baughman KL, Edwards CG, et al: Controlled comparison of amikacin 
and gentamicin. N Engl J Med 296:349-353, Feb. 1977 


“in combination with high doses of carbeni- 
cillin or ticarcillin in patients 
with renal failure, there 


is less chance of interac- "d 
tion... wisn tis tieiikacin.” obtaining therapeutic blood levels 


Holt HA. Britsshall JI. McGiitie M. ot ak above and beyond the MIC 
Interactions etwa aninollfoseido [^ of the organism 


eer RI US gg. cac T — 
Klainer AS, Five questions: A comparative 
analysis of the newest aminoglycoside, 
“Despite extensive use Him Sept. 1977. 
over a three year 
period...we MuR not ` “only one enzyme found 
encountered additional in gram-negative bacteria 
instances of affected amikacin potency, 
Enterobacteriaceae " iet ge vm seid piis 
resistance to amikacin ano wm 
therapy..." sisomicin; five, kanamy- 
Doughty SC. Martin RR, Greenberg SB: cin and tobramycin and 
Treatment oí hospital-acquired E four, netilmicin.’ 
Am Med eect issue): 53-57. Price K, et al: Amikacin activity, Am J Med 
June 1977. na | ic (special issue) 14-24 June 1977. 


“amikacin provides the physician 
with a better chance of 





In-vitro superiority " 






against today's ` 
gram-negative | 
hospital pathogens” ` 
Against 409 bacterial isolates, Amikin® __ 


(amikacin sulfate) activity was compared 
to leading injectable antibiotics. None of 
these agents inhibited as high a percentage 40 





of strains as did Amikin. z z 7 
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COMPARATIVE AMINOGLYCOSIDE 
INACTIVATION IN SERUM* 
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in combination : 
8 
When carbenicillin or ticarcillin is 
combined in vitro with ordinary 70 
aminoglycosides, a significant reduction in 
aminoglycoside activity may occur. 60 
Virtually unaffected in the presence of 
ticarcillin, Amikin is also minimally a. 
compromised by carbenicillin...while other 
aminoglycosides may lose up to 50% of their 
activity. 40 
30 
20 
10 
Adapted from Holt HA, Broughall JM, McCarthy M, et 0 
al: Interactions between aminoglycoside antibiotics 0 6 12 18 24 
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E 3 roacer 
2M PB therapeutic index 
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8 ô Amikin’s Toxic-to-Therapeutic Index 
8 [ (ratio of toxic serum level to Mean MIC) 
= SU. d E is three times greater than the next leading 
a Amikacin 500 mg IM c inoalvcoside! 
(7.5 mg/Kg)” 5 aminogly ! 
^A (in volunteers Ex EX 
Si Because individual patient serum levels may 
20 20 vary from statistical averages, Amikin's broader 
margins reduce the risk of subtherapeutic 
or toxic dosage. 
GENTAMICIN TOXIC LEVEL 
10 10 
Gentamicin 1 mg/Kg IMt 
AMIKACIN 
MEAN MIC GENTAMICIN 
MEAN MIC* 
* Data on file, Bristol Laboratories 
0 0 TConcentration curves adapted from: Winter RE, 
NAE VY 2 3:4 8.8.7.8 UM - ete 4748 €. 1..8 Litwack KD, Hewitt WL: J infect Dis 124 (suppl): 
AMIKACIN GENTAMICIN 590-595, December 1971 


COMPARISON OF O7O- AND NEPHROTOXICITY 
IN ONE STUDY AS DETECTED BY AUDIOMETRIC 
& RENAL FUNCTION MONITORING 


Well tolerated 


As with other aminoglycosides, 
adverse auditory and renal reac- 
tions may occur at higher doses, 
reversible in some instances. But, 
in a study comparing the cto- and 
nephrotoxicity of amikacin and 
gentamicin among 53 monitored 
patients, Amikin demonstrated a 
significantly reduced side effects 
risk. (Other published stucies 
have shown little or no differences 
in toxicity). 

Special Note: In Amikin clinical trials, hearing 


loss was rarely clinical and usually an audiogram 
was needed to identify such a loss. Adverse 





23.1% renal reactions due to Amikin usually consisted 
of elevations of serum creatinine and/or BUN, 
which were usually reversible. 

Adapted from Lerner SA, Seligsohn R, and 
Matz GJ. Comparative clinical studies of 
MED AMEN ototoxicity and nephrctoxicity of amikacin 
PATIENTS and gentamicin. Am J Med (special issue): 
(26) 113-117, June 1977. 


Probably today's most 
important hospital antibiotic. 


Please see brief summary of prescribing information following. 
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AMIKACIN SULFATE 


_ Probably today's most important hospital antibiotic. 


BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 
AMIKIN®(amikacin sulfate) 

For complete information, consult Official 
Package Circular. (1) AMIKIN 5/24/76 


Warnings: 

Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential ototoxicity and 
nephrotoxicity associated with their use. 

Ototoxicity, both auditory and vestib- 
ular, can occur in patients treated at 
higher doses or for periods longer than 
those recommended. The risk of amikacin- 
induced ototoxicity is greater in patients 
with renal damage. High frequency deaf- 
ness usually occurs first and can be 
detected only by audiometric testing. 

The ototoxicity potential of amikacin in 
infants is not known. Until more safety 
reports become available, amikacin 
should be used in infants only in those 
specific circumstances when suscepti- 
bility testing indicates that other amino- 
glycosides cannot be used or are 
otherwise contraindicated, and when the 
infant can be observed closely for 
evidence of toxicity. 

Aminoglycosides are potentially nephro- 
toxic. Renal and eighth-nerve function 
should be closely monitored in patients 
with known or suspected renal impairment 
and also in those whose renal function is 
initially normal but who develop signs of 
renal dysfunction during therapy. 
Evidence of impairment in renal, vestib- 
ular or auditory function requires discon- 
tinuation of the drug or dosage adjustment. 

Serum concentrations should be 
monitored when feasible, and prolonged 
concentrations above 35 mcg./ml. should 
be avoided. Urine should be examined 
for increased excretion of protein, cells 
and casts. 

Concurrent and/or sequential use of 
topically or systemically neurotoxic or 
nephrotoxic antibiotics should be avoided. 

Amikin should not be given concur- 
rently with potent diuretics. 

Usage in Pregnancy: Amikin should be 
used in pregnant women only when 
clearly needed. 


Indications: 
Serious infections due to susceptible strains 
of Gram-negative bacteria including pseu- 
domonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., 
klebsiella-enterobacter-serratia sp., and 
acinetobacter sp. Culture and sensitivity 
studies should be performed. 

Clinical studies have shown Amikin to be 
effective in bacteremia and septicemia 





(including neonatal sepsis); in serious infec- 
tions of the respiratory tract, bones aad joints, 
central nervous system (including meningitis) 
and skin and soft-tissue; intra-abdom.nal 
infections (including peritonitis); and in 
burns and post-operative infections ( nclud- 
ing post-vascular surgery). Clinical studies 
have shown Amikin (amikacin sulfate) also to 
be effective in serious complicated and re- 
current urinary tract infections due tc these 
organisms. Aminoglycosides, includiag 
Amikin injectable, are not indicated i» un- 
complicated initial episodes of urinary tract 
infections unless the causative orgarisms 
are not susceptible to antibiotics hav ng less 
potential toxicity. 

Bacteriologic studies should be pe-formed 
to identify causative organisms and taeir 
susceptibilities to amikacin. Amikin rray be 
considered as initial therapy in suspected 
Gram-negative infections and therapy may 
be instituted before obtaining the results of 
susceptibility testing. Clinical trials demon- 
strated that Amikin was effective in irfections 
caused by gentamicin and/or tobram cin 
resistant strains of Gram-negative orcanisms, 
particularly Proteus rettgeri, Providercia 
stuartii, Serratia marcescens and Pseudo- 
monas aeruginosa. The decision to continue 
therapy with the drug should be based on 
results of the susceptibility tests, the severity 
of the infection, the response of the ratient 
and the important additional considerations 
contained in the "Warning" box above. 

Amikin has also been shown to be effective 
in staphylococcal infections and may be 
considered as initial therapy under certain 
conditions in the treatment of known or 
suspected staphylococcal disease such as, 
severe infections where the causative organ- 
ism may be either a Gram-negative becterium 
or a staphylococcus, infections due tc 
susceptible strains of staphylococci ir 
patients allergic to other antibiotics, end in 
mixed staphylococcal/Gram-negative 
infections. 

Amikacin may be indicated in the trsatment 
of neonatal sepsis when susceptibility testing 
indicates that other aminoglycosides sannot 
be used. In certain severe infections such as 
neonatal sepsis, concomitant therapy with a 
penicillin-type drug may be indicated be- 
cause of the possibility of infections que to 
Gram-positive organisms such as streoto- 
cocci or pneumococci. 


Contraindications: 
A history of hypersensitivity to amikacin. 


Warnings: 
See “Warning” box above. 


Precautions: 
Amikin is potentially nephrotoxic, ototoxic, 
and neurotoxic. The concurrent or seral use 


of other ototoxic or nephrotoxic agents should 
be avoided either systemically or topically 
because of the potential for additive effects. 
Such agents include antibacterial drugs such 
as kanamycin, gentamicin, tobramycin, 
neomycin, streptomycin, cephaloridine, 
paromomycin, viomycin, polymycin B, colistin 
and vancomycin as well as certain diuretic 
agents such as ethacrynic acid or furosemide. 


Adverse Reactions: 
Ototoxicity —See "Warning" box. 

Nephrotoxicity — Albuminuria, presence of 
red and white cells, casts, azotemia and 
ongure have been reported. 

ther—Skin rash, drug fever, headache, 

paresthesia, tremor, nausea and vomiting, 
eosinophilia, arthralgia, anemia, hypotension. 


Dosage and Administration: 

The usual I.M. or I.V. dose with normal renal 
function is 15 mg./Kg./day divided into 2 or 
3 equal doses administered at equally- 
divided intervals. For the heavier individual 
(greater than 100 Kg.), the total daily dose 
should not exceed 1.5 Gms. per day. 

When amikacin is indicated in newborns 
(see box "Warning )), it is recommended that 
a loading dose of 10 mg./Kg. be admin- 
istered initially to be followed with 7.5 mg. / 
Kg. every 12 hours. 

The usual duration of treatment is 7 to 10 
days. The total daily dose by all routes of 
administration should not exceed 15 mg // 
Kg./day for the average-weight person. In the 
unusual circumstances where treatment be- 
yond 10 days is considered, the use of Amikin 
should be reevaluated and, if continued, 
renal and auditory functions should be 
monitored daily. 

For patients with impaired renal function, 
whenever possible, serum amikacin concen- 
trations should be monitored by appropriate 
assay procedures. Doses may be adjusted in 
patients with impaired renal function either 
by administering normal doses at prolonged 
intervals or by administering reduced doses 
at a fixed interval. 

The solution for intravenous use is pre- 
pared by adding the contents of a 500 mg. 
vial to 200 ml. of sterile diluent such as 
Normal Saline or 5% Dextrose in Water or 
any other compatible solution. 

The solution is administered over a 30- to 
60-minute period. 


Supplied: 

Rubber-capped vials as a ready-to-use 
sterile aqueous solution: 100-mg., 500-mg., 
and 1.0-Gm. vials. 


BRISTOL LABORATORIES 
BRISTOI? Division of Bristol-Myers Co. 
Syracuse, New York 13201 


Wound Dehiscence 


Pathophysiology and Prevention 
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A. Gerson Greenburg, MD, PhD; Richard P. Saik, MD; Gerald W. Peskin, MD 


e A review of 32 abdominal wound dehiscences in a five-year 
period shows an incidence of 0.5196. Important factors are 
preexisting pulmonary disease, “malnutrition,” intraoperative 
contamination (often minimal), gastrointestinal distention, and 
aggressive tracheobronchial toilet in the postoperative period. 
Incision direction and type of closure have little influence on 
dehiscence rates. Wound dehiscence results in a substantial 
prolongation of hospital stay. Promptly recognized and treated, 
wound dehiscence is no longer a highly lethal complication. 

(Arch Surg 114:143-146, 1979) 


f: Sta surgical techniques have evolved and surgical 
seience has developed, the basis for wound dehiscence 
has variously been attributed to systemic or local factors. 
This study was undertaken to define factors associated 
with dehiscence ir terms of systemic, local, and patient 
management influences that might identify the patient at 
high risk and thereby provide the basis for a rational 
management approach. 


DATA AND RESULTS 


A restrospective review of 32 abdominal wound dehiscences 
occurring at our two major teaching hospitals between January 
1973 and January 1978 was accomplished. Only dehiscences occur- 
ring on the general surgical service were included. For our 
purposes, wound dehiscence is defined as a wound disruption with 
evisceration occurring in the immediate postoperative period 
requiring closure to reduce the extraperitoneal bowel. During this 
time, 6,250 intra-abdominal procedures were performed yielding 
an ineidence of dehiscence of 0.51%. There were 27 men and five 
women in the series, with an average age of 60.68 + 14.53 years 
(range, 23 to 88 years). Indications for exploration were emergent 
in 15 cases (47%) and elective in 17 (53%). The organs involved at 
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primary surgical procedure are given in Table 1. The small bowel 
or colon was involved in 17 cases (53%). In reference to the original 
operation, dehiscence occurred in eight "clean" cases (25%), 19 
“clean-centaminated” cases (59%), and five “dirty” cases (16%). A 
clean-comtaminated case is one in which the gastrointestinal (GI) 
tract is opened in a planned or unplanned fashion in what 
otherwise is a clean case. For purposes of this study, electively 
prepared colon resections are in this category. 

Neopbsia was the primary pathology in six patients (19%), 
primary inflammatory disease in seven (22%), trauma in two (6%), 
acute CI bleeding in seven (22%), and some component of GI 
obstruccion was present in seven (22%). The associated diseases 
were as follows: severe obstructive pulmonary disease, ten; obesi- 
ty, eigFt; hepatic insufficiency (cirrhosis), seven; malignancy, six; 
cardiac six; major weight loss (greater than 20%), five; and 
diabetes, two. Two of the patients were operated on for morbid 
obesity and two were receiving chronic steroid medications for 
their pulmonary problems. 

MidLne incisions were used in 21 patients (66%) and transverse 
in 11 (2496). This corresponds in distribution to incisions in general 
use on our services. Four patients in each group had retention 
sutures (25%), corresponding to the general incidence of use. 
Primary fascial closure was aecomplished in all wounds using 
nonabsorbable suture as indicated in Table 2. A running fascial 
closur2 was used in 18 (56%) and an interrupted closure in 14 (44%). 
Table 2 gives the closures and represents essentially the distribu- 
tion o£ current practice in our institution. 

No differences could be detected between elective and emergen- 
cy groups based on day of week or time of day. Mean duration of 
surgery was identical for both groups, 2.9 hours. Intraoperative 
antib oties by irrigation were used equally in elective and emer- 
gencr cases independent of classification. Postoperative antibiot- 


ics were used three times more frequently in emergency cases, yet 


frank infection was present in only 16% at original procedure. 
Recal, however, that 59% of the patients had their GI tract 
opened, with only nine of 19 (47%) receiving antibiotics. 

At the time of dehiscence, 22 of the patients (68%) had positive 
cultures and ten of these were described as grossly purulent—45% 
of positive and 31% of the total population. Clean-contaminated 
cases demonstrated positive cultures in a ratio of 3:1 over the 
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| Table 2.—Original Fascial Closure 


grossly contaminated cases. Recovered organisms were as 


follows: 
Escherichia coli 13 
Bacteroides fragilis 12 
Staphylococcus aureus 5 
Klebsiella 3 
Streptococcus faecalis 3 
Salmonella typhi 1 
"Mixed," more than three types 7 


Dehiscence occurred between two and 11 days, mean, 7.03 days. Six 
dehiscences occurred at four or less days (19%), five at five or six 
days (16%), and 21 at seven or more days (66%). 

All dehiscences were reclosed in the operating room. Description 
of the findings at that time showed intact sutures with fascial 
disruption in 22 patients (68%), necrotic infected fascia in six 
(19%), and a broken running suture in four (13%). The latter, three 
of four, occurred in less than four days. Dehiscence repair was with 
through-and-through sutures in 25 patients (78%) and fascial 
resuturing in seven (22%). The closures with through-and-through 
sutures were different in 70% from the original closure: 18 of 25 
(72%) were wire and seven of 25 (28%) were nylon. Four wounds 
were reclosed with interrupted fascial sutures and three with 
running fascial sutures, 57% exactly as the primary closure and 
43% different. In none of these latter seven closures was gross 
purulence or necrotic fascia observed. 

Potentially important postoperative events are given in Table 3. 


In the patients with GI distention, two had no nasogastric tube 


and three had the tube discontinued at less than 36 hours 
postoperation. One patient had delirium tremens in the immediate 
postoperative period. No patient’s dehiscence was preceded by a 
major wound infection. In those dehiscences associated with 
grossly purulent drainage, an intra-abdominal abscess was the 
cause. Leakage of this serosanguinous ascites was noted in only six 
patients prior to presentation with a wound disruption. 

Of importance in this series is the fact that all patients had their 


_ operation under general endotracheal anesthesia despite the fact 


that about one third of them had substantial obstructive pulmo- 
nary disease. Equal numbers of elective and emergency proce- 
dures were performed on these patients. In general, spinal or 


D Table 1.—Organs Involved at Primary Operation 


Site Total Elective Emergency 
Colon 11 8 3 
Small bowel 6 2 4 








Type 










Total Midline Transverse 

Running 

Polypropylene 17 12 5 

Nylon 1 1 0 
Interrupted 

Wire 7 4 3 

Polyester 5 3 2 

Polypropylene 2 
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epidural anesthesia have been used for this high-risk group, 
especially for elective procedures. 

Prolonged hospitalization is the hallmark of the morbidity 
associated with dehiscence. Ten patients (31%) required less than 
29 days ef total hospital stay, whereas 22 patients (69%) were 
hospitalized for 30 days or more, mean stay, 45 days with a range 
of ten to 90 days. There is one death attributed directly to the 
dehiscenc+ complication occurring in a patient undergoing intesti- 
nal bypass for morbid obesity (3.1%). Two other patients died of 
respiratory failure not at all related to the dehiscence or infection. 
Of the remaining 29 patients, 72% were known to be alive at the 
time of review and eight have been lost to follow-up. Ventral 
hernias heve been noted in three of the 21 patients available for 
evaluation and all have been repaired primarily. Interestingly, all 
three were in wounds closed by fascial reapproximation and not 
the through-and-through closure. In the latter group, no hernias 
are yet apparent. 


COMMENT 


Abdommal wound dehiscence continues to haunt the 
general surgeon. With newer and more sophisticated pre- 
operative 2valuation and preparation techniques the inci- 
dence seens to have stabilized at about 0.5%. However, 
since the report of Halasz’ in 1968, there seems to be no 
substantial advance despite the availability of newer 
suture material and a wide ranging retinue of closure 
techniques 

Systemic and local factors seem to exert the same 
influences aow as they did ten years ago. The considerable 
decrease in mortality associated with dehiscence is proba- 
bly more a reflection of better perioperative and postoper- 
ative care rather than technical advances in wound closure. 
The curren- study further indicates that it is exactly these 
factors tha: may also contribute to the dehiscence rate. 

The need for and the implementation of assertive 
tracheobrorchial toilet, including nasotracheal suction and 
intermittent positive pressure breathing with or without 
humidified air in the immediate postoperative period, 
could be in part responsible for the wound's disruption. 
More than cne half of our patients were in this category. 
Increased irtra-abdominal pressure, forced coughing, and 
strain on abdominal wounds independent of direction 
secondary te these measures and accompanied by early 
ambulation can be viewed as factors contributing to dehis- 
cence. That s not to say these should be avoided. Rather, 
the perioperetive management of the patient at risk must 
be perfect ia every way so that should the problem of 
dehiscence appear, its effects are minimized. 

At obvious risk is the older man undergoing a colonic 
procedure or an emergency abdominal operation that is 














Table 3.—Postoperative Events 
Petentially Contributing to Dehiscence 


Events No. (96) 
On mechanical ventilator — 24 hr 13 (41) 


Aggressive tracheobronchial toilet, 
nasotracheel suction, 
intermittent 5ositive pressure breathing, etc 18 (56) 


Pneumonia ard atelectasis 10 (31) 


7 (22) 








lleus, gastrointestinal distention 
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complicated by or involves entrance into the GI tract. The 
so-called “clean-contaminated” case must be recognized 
and appropriate intraoperative irrigations used. This is 
comparable to the information in the prospective report by 
Goligher et al* of 1975. There is little firm evidence to 
support antibiotic irrigation as superior to balanced salt 
solution. With the high incidence of infection in the 
clean-eontaminated cases, 15 of 19 cases (79%), it seems 
reasonable to use antibiotie irrigation for this situation. 
The patient with severe chronic obstructive pulmonary 
disease obviously constitutes an increased risk and must be 
managed more carefully. These patients often require 
surgical intervention despite their high-risk status. Vital 
to the success of the procedure is a well-organized, preoper- 
ative, perioperative, and postoperative management plan 


designed to assure minimum compromise to respiratory 


function. Recall that this group often uses the abdominal 
muscles as accessory respiratory muscles and despite the 
advantages of transverse incision on pulmonary function, 
midline incisions shculd be considered. rst 


Preoperative tracheobronchial toilet is mandatory for 


this group of patients, particularly so in the elective 
situation. Obviously, this is not always feasible in the 
emergency situation. If at all possible, regional or conduc- 
tion block anesthesia should be used for elective and 
emergency procedures. Many midabdominal and lower 
abdominal procedures can be performed under adequate 
spinal or epidural aresthesia. In fact, high thoracic contin- 


uous epidural anesthesia, if available, can be used for most 
abdominal surgery with the catheter left in place for use in- 


postoperative pain management. 
The patient with obstruetive pulmonary disease should 
avoid general anesthesia if at all possible. Allowing such 


patients to breathe on their own and control pain provide a 


mechanism for prevention of the pulmonary complications 


that are associated with a large percentage of dehiscences. 


We recognize this is not a clear cut management situation. 
There are cases where the patient with severe pulmonary 
disease also has cardiac compromise. In this subset of 
patients, a general anesthetic with the attendant risks to 
pulmonary function is preferable because the cardiovascu- 
lar system is under better control than it might be with a 
regional anesthetic. We recognize the difference of opinion 
and propose this management as a mode, not necessarily 
the mode. 
Malnutrition either as obesity or weight loss is yet 
another factor te be dealt with in the area of prevention. If 
one considers obesity as a form of malnutrition, then 13 
patients (41%) of this series can be so classified. Converting 
the wasted anorectic patient to positive nitrogen balance 
preoperatively in the elective situation can only help 
wound healing. The obese patient is a recognized risk for 
wound infection and very little can be done to close the 
huge dead spaee between skin and fascia. The use of 
suction drains in this area seems to afford some degree of 
protection in this situation. 
1 That four of our dehiscences were associated with “bro- 
— ken suture" material, three of which were polypropylene, 
and that six ne occurred between two and four 

oe ae | 
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days address the need for more attention to the technical 
aspects of wound closure. Fascial disruption with “intact 
sutures” found in the absence of fascial necrosis may also 
be a technical problem related to poor suture placement. 
One could argue that broken sutures or "pulled through" 


running sutures would not occur if an interrupted closure 


technique was adopted. That we have seen as many 
disruptions with either technique tends to discount the 
argument. Dehiscence is probably a function of more than 
closure technique! 

Failure to adequately decompress or maintain GI decom- 


— pression is yet another aspect of management to be 


considered. Gastric and small-bowel distention must be 
decompressed if present to provide safe abdominal closure. 
Prevention of reeurrent distention is crucial if one is to 
prevent dehiscence. Enterotomy is not always necessary 
for bowel decompression. A simple enterotomy can convert 
a clean case to clean-contaminated and raise the risk of 
dehiscence. Passage of a long tube from above or "milking" 
contents retrograde to stomach or forward to the colon 
often is feasible and effective decompression while obviat- 
ing an enterotomy. Maintenance of a nasogastric tube 
postoperatively prevents swallowed air and gaseous disten- 


tion and is desirable. 


The technique of abdominal incision, especially of the 
fascia, is worthy of comment. In six of the eight most 
recent dehiscences, the electrocautery in coagulation mode 
was used in opening the fascia. In these six cases, there 
was obvious fascial necrosis without purulence where the 
suture material had pulled through at reexploration occur- 
ring on day 6 or 7. Of interest is that all of these were 
emergency procedures in younger patients than the series 
as a whole and all had retentions placed. Whether the 
dehiscence was due to fascial necrosis secondary to cauter- 
ization or poorly placed sutures cannot be explicitly 
stated. — . 

There seems to be no difference in the rate of dehiscence 
relative to incisional direction. Dehiscence occurs in 
approximately the same ratio as these incisions are used. 
Of interest is the total lack of paramedian incisions in the 
series. 

A large number of cases were either clean-contaminated 
or dirty, 75%, and the incidence of infection at time of 
dehiscence was 68%. Obviously, infection plays some role in 
the pathogenesis of the dehiscence. The use of routine 
irrigation with or without antibiotic irrigation in these 
cases is advocated. Our preference is to use antibiotic 
irrigation. In the patient with pulmonary compromise, 
recent infection, substantial infection, or major blood loss, 
special attention to wound closure details is in order. The 
older patient with these factors present is at particular risk 
for dehiscence, especially if pulmonary complications occur 
and vigorous tracheobronchial toliet is required. If at all 
possible the avoidance of general anesthesia is desirable 
for it tends to exaggerate pulmonary difficulties. 

Not surprising is that our results are quite similar to 
those of Keill? in that a single causative factor is difficult 
to identify. The pathophysiology of wound dehiscence is no 
doubt a combination of factors that, when taken together, 
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produce the complication, whereas any one alone is not 
quite sufficient to accomplish the deed. 

In recent reviews, two factors seem to be of major 
importance in wound dehiscence. These are infections as 
noted by Halasz, Higgins et al,‘ and Reitamo and Moller,’ 
and postoperative pulmonary complications as emphasized 
by various authors.** Our data would support these 
concepts. 


We have no evidence to support a preference for midline 


over transverse incisions nor can we implicate anemia or a 


particular underlying cause. What we do recognize is the 
patient at risk and the profile of this patient is as follows: 


man, older than 60 years of age, malnourished, with 
moderate to severe obstructive pulmonary disease who is 
subjected to a colon operation or in whom the GI tract is 


entered at emergency procedure. In this patient, develop- ^ 


ment of considerable postoperative pulmonary complica- 
tions, pneumonia and atelectasis, 
tracheal-bronchial toilet is most frequently associated with 
wound disruption. 

Modern surgical management has made it possible to 
treat effectively and efficiently a complication previously 
associated with high mortality. Wound dehiscence, when 
properly managed, is no longer a lethal situation. 


CONCLUSION 


Wound dehiscence occurs most frequently in older male 
patients undergoing abdominal surgery for colon or small- 
bowel problems who have associated chronic obstructive 
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requiring vigorous 


pulmonary disease and some degree of malnutrition. Open- 
ing of the GI tract in an otherwise | clean case seems to be 
an additonal factor. The mode of closure and the direction 


of incisien seem to bear little influence « on the problem. - ba a 


Importaatly, pulmonary complications and early removal 
of GI desompression tubes correlate well with the occur- 
rence of dehiscence. Prolonged hospitalization is the main 


i morbiditz, and mortality is low (396), probably because of 
 improvec management techniques. To the list of causes for 
dehiscence we can add those related to management. It is 
an enigma that techniques used for improving patient 


survival lso contribute to morbidity. 


This resezreh was supported in part by a grant from the Veterans 
Administrat.on Medical Research Service. 
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Percutaneous Decompression of Benign and 


Malignant Biliary Obstruction 


Thomas W. Pollock, MD; Ernest R. Ring, MD; Juan A. Oleaga, MD; 
David B. Freiman, MD; James L. Mullen, MD; Ernest F. Rosato, MD 


* Percutaneous transhepatic catheterization of the biliary tree 


. was performed in 41 patients with obstructive jaundice. In 39 


patients, the catheter was successfully advanced past the 
obstructing lesion into the distal common duct and duodenum to 
establish internal biliary drainage. The remaining two patients 
had the obstructed biliary tract drained externally. Chronic 
internal catheter drainage was instituted in five patients with 
stricture and ten with malignant obstruction as a means of 
palliating symptomatic jaundice. Twenty-two patients had 
marked reduction in serum bilirubin levels and pruritis, eight 
patients had moderate decreases in serum bilirubin levels, and 
six patients did not improve despite adequate catheterization 
due to hepatic parenchymal disease. This procedure effectively 
decompresses the severely obstructed biliary tree prior to 
surgery and can also palliate patients with unresectable malig- 
nant biliary obstruction and stent high-risk, benign strictures. 


(Arch Surg 114:148-151, 1979) 


P ereutaneous transhepatie cholangiography  affords 
. rapid, safe access to the obstructed biliary tree as well 


. as accurate diagnosis of the level, extent, and cause of the 


obstruction.'* Molnar and Stockman’ first reported suc- 
cessful pereutaneous transhepatic internal biliary drainage 


_in 11 patients with obstructive jaundice. Others have more 
. recently reported on the safety and diagnostic and thera- 


peutie potential of percutaneous transhepatie external 


— (retrograde)*"* or internal (antegrade) drainage of the 
biliary tract. Using these techniques, catheters can be 


introduced into the intrahepatic biliary tree and advanced 
through obstructing lesions to act as a conduit for internal 
drainage of bile into the gastrointestinal tract.* This report 


. updates our experience with the use of percutaneous 


transhepatic internal drainage of the bile ducts in the 
management of patients with benign and malignant bili- 


ary obstruction. 
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MATERIALS 


Forty-se-en jaundiced patients underwent percutaneous trans- 
hepatic chelangiography at the hospital of the University of 
Pennsylvaria and the Philadelphia Veterans Administration 
Hospital between January 1977 and April 1978. No biliary radicle 
was entered in one patient and no obstruction was found in three 
others. The diagnosis of obstruction was confirmed in 43 patients 
and an attempt to catheterize the biliary tree was made in this 
group. Theme were 35 men and 18 women ranging in age from 22 to 
19 years (mean age, 64 years). The cause of biliary obstruction for 
these 43 patients is given in Table 1. 


TECHNIQUE 


The patient is placed in a supine position on a fluoroscopic table 
with the mght arm extended. After the right upper lateral 
abdomen is prepared and draped, a percutaneous transhepatic 
cholangiogram using a 22-gauge “Chiba” needle’ is performed to 
visualize the level, extent, and cause of obstruction. In the 
presence o: obstruction, the ducts remain filled with contrast 
material thas facilitating the introduction of the drainage cathe- 
ter. 

When ductal obstruction is demonstrated, a 16-gauge needle 
within a thin-walled polyethylene sheath is introduced in the liver 
(Fig 1). The needle/sheath is directed through the liver under 
fluoroscopic guidance toward the right intrahepatic duct. Once the 
needle/sheath has been observed fluoroscopically to cross the 
desired duct, the needle is removed and a syringe is attached to the 
sheath. Thesheath is then slowly withdrawn until free flow of bile 
into the sy~inge indicates an intraductal position. If the right 
hepatic duet is not entered on the first pass, the sheath is 
withdrawn slightly and the needle is reinserted. The needle/ 
sheath is then redirected and advanced with slightly more anterior 
or posteriorangulation. Complete removal of the sheath from liver 


Table 1.—Cause of Obstruction 


No. (%) of 
Patients 


15 (36) 
7 (16) 
6 (14) 
6 (14) 
4 (9) 
3 (7) 
1 (2) 
1 (2) 

43 (100) 


Pancreatie carcinoma 
Benign strcture 


Obstructing common duct stones 
Metastatic carcinoma to porta hepatis 
Cholangiczarcinoma 

Recent operative trauma 

Carcinome of gallbladder 

Duodenal diverticulum 

Total 
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Fig 1.—Technique 3f percutaneous transhepatic 
catheterization. After 22-gauge "Chiba" needle 
percutaneous transnepatic cholangiogram, 16- 
gauge needle wit» thin-walled polyethylene 
sheath is introduced irto liver and directed under 
flouroscopic guidance toward right hepatic 
duct. 


is to be avoided se that only a single puncture of the hepatic 
capsule is required. 

Once the sheath is eonfirmec to be intraductal by free aspiration 
of bile, a special cerved-tipped guidewire is directed through it 
toward the commen bile duet (Fig 2). The guidewire can be 
rotated, and its curwed tip can usually be directed into the entrance 
of a tract through the obstructing lesion. If the guidewire cannot 
be advanced past the cbstruction, a catheter should be left within 


the intrahepatic duet to establish external drainage. After 48 - 


hours of external «rainage, it is usually possible to advance the 
guidewire through the obstrueting lesion. 

Once the guidewire tip lies within the duodenum, it can be 
replaced using Seleinger technique with a No. 8.3 F polythylene 
pigtail catheter. The pigtail eenfiguration of the catheter tip helps 


to anchor it withim the duodenum and prevent its inadvertent — 


withdrawal (Fig 3). Sideholes are made in the catheter prior to its 
insertion so that multiple sideholes will be located above and below 
the obstructing lesion. It is important that no sideholes in the 
catheter be locatee within the hepatic parenchyma (outside the 
duct) since this siteation may lead to intermittent bleeding from 
hepatie veins into che catheter. After successful catheterization, 
external biliary drainage is established for 24 hours. Internal 
drainage is later accomplished by closing the stopcock to the 
outside so that bile can flow through the catheter and bypass the 
obstruction. Great zare should be taken to anchor the catheter at 
the skin with a suture and an occlusive dressing. 

Patients underg»ing percutaneous catheterization should have 
normal prothromb time, partial thromboplastin time, and plate- 
let count prior to study. Bread spectrum antibiotie coverage is 
instituted 24 hours prior to the procedure and continued for three 
to four days after catheterization. Abdominal roentgenograms are 
obtaimec for several days after the procedure to observe any 
change in catheter position. | 


RESULTS 


The biliary tre» was suceessfully catheterized in 41 of 43 
cases. In one unsuccessful case, there was extensive meta- 
static disease within the liver and the catheter could not be 
advanced toward the ductal system. The other case showed 
extensive biopsy proved cholangiocarcinoma and a diffuse- 
ly narrowed intrahepatic ductal system. In two early cases 
(one with postoperative stricture and one with widespread 
hepatic metastases), the eatheter could not be advanced 
beyond the obstraetion and was left within the intrahepat- 
ic duct for extermal drainage. The distal common bile duet 

i Esnid 
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Fig 2.—Technique of percutaneous transhepatic 
catheterization. Needle is removed and sheath is 
slowly withdrawn until free flow of bile indicates 
intraductal position. Guidewire is then advanced 
through sheath and directed into duodenum. 


Fig 3.—Technique of percuta- 
neous transhepatic catheteriza- 
tion. Sheath is replaced using 
Seldinger technique with No. 8.3 
F pigtail catheter. Multiple side- 
holes in the catheter proximal 
and distal to obstruction allow 
internal drainage of bile through 
catheter into duodenum (ar- 
rows). 


Table 2.—Results of Catheterization 


l No. (%) of 
4 l AS Patients 
Long-term (>3 days) decline in total bilirubin level, 
mg/di/day 
22 


GEN 2 

= Short-term (<3 days) 
Common duct stones (4 patients) 
. Duodenal diverticulum (1 patient) 


^ Total 41 (100) 


Table 3.—Complications of Catheterization 
No. of 
Patients (%) 
Transient fever 
Bacteremia  — 
. No complications - 


and duodenum were successfully catheterized and internal 
biliary drainage was established in 39 patients (91%). 

Once internal or external drainage was established, 22 
patients had marked reductions in total serum bilirubin 
levels of greater than 2 mg/dl/day and diminished symp- 
toms. Mean total bilirubin level decreased from 19.9 + 2.5 
mg/dl to 4.7 + 1.4 mg/dl (P< .01). Eight patients had 
moderate decreases in serum bilirubin levels (1 to 2 mg/ 
dl/day) and six patients had little or no decrease in serum 
bilirubin levels (Table 2) These six patients, despite 
adequate catheter position and patency, did not become 
less jaundiced because of hepatic parenchymal disease 
(metastases, biliary cirrhosis, etc). 

Five patients underwent surgery within three days of 
catheter placement so the response could not be adequately 
measured. This group is included to show the relative ease 
of establishing internal drainage and because it includes 
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Fig 4.—Internal drainage in malignant obstruction in 67-year-old 
man judged unresectable by transhepatic portography. Skinny 
needle biopsy specimen was positive for pancreatic carcinoma. 
Transhepatic catheter passes through obstruction and drains bile 
into duodenum (arrows): total hospitalization, seven days; total 
bilirubin level decreased from 18 to 2 mg/dl; and palliated for 
three months at home. 


some of the complications of catheterization (Table 2). 
Fifteen patients had the internal drainage catheter left in 
place chronically as a form of endoprosthesis, including 
five with strictures and ten with malignant obstruction. 

The five patients with strictures had internal drainage 
for an average of 7.8 months (range, two to 14 months). 
This includes four patients with high strictures after 
multiple unsuccessful operations in whom the endoprosthe- 
sis is still in place. The ten patients with biliary obstruction 
secondary to tumor had chronic internal drainage for an 
average of 3.3 months (range, two to six months). This 
group includes five patients in whom the catheter is still in 
place. One stricture patient had surgery after two months 
of internal drainage and five tumor patients who had 
end-stage disease subsequently died of their disease with- 
out any catheter-related complications. The remaining 21 
patients with long-term catheterization had internal drain- 
age for an average of 22 days (range, 15 to 33 days) prior to 
a definitive curative or palliative operative procedure. 

No emergency operation was required as a result of the 
catheterization in 41 patients. Bleeding was not a major 
complication in this series and no blood transfusions were 
required as a result of the procedure. In two patients, a 
small subeapsular hematoma surrounding the catheter 
insertion site was incidentally noted at surgery. Two other 
patients had intermittent bleeding through the catheter 
from sideholes placed within the hepatic parenchyma. In 
both of these cases, bleeding was easily controlled by 
replacing the catheter with one which had sideholes 
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Fig 5.—Inte-nal drainage for benign stricture in 32-year-old 
woman with stricture and intermittent cholangitis after cholecys- 
tectomy andisubsequent choledochoduodenostomy. Transhepat- 
ic catheter passes through stricture at choledochoduodenostomy 
site into duodenum. Total bilirubin level decreased from 9.5 to 1.1 
mg/dl. 


arranged only in the intraductal segment. No clinieal or 
biochemica evidence of pancreatitis was observed in the 39 
patients with long-term internal drainage. 

The major complication of percutaneous transhepatic 
catheteriza-ion is exacerbation of preexisting infection in 
the obstructed ductal system at the time of catheter 
placement. Transient fever developed in three patients 
despite prestudy antibiotic coverage and four had bactere- 
mia, inclucing two with sepsis and hypotension, which 
responded to volume replacement and broad spectrum 
antibiotics ‘Table 3). The danger of sepsis from catheteri- 
zation in petients with common duct stricture and choledo- 
cholithiasis where obstruction develops fairly acutely 
should be appreciated. This group of patients should have 
adequate intravascular volume replacement, Gram-nega- 
tive antibiotic coverage, urinary catheters, and central 
venous catheters prior to undergoing percutaneous trans- 
hepatic cataeterization. 


COMMENT 
Malignant Biliary Obstruction 


Percutan2ous transhepatic internal drainage of unre- 
sectable mzlignant biliary obstruction offers an attractive 
alternative to palliative surgical bypass. Mean survival 
after electize surgical bypass is short'*'* averaging five to 
eight months and operative mortality is high ranging from 
10% to 20%." Once transhepatice internal drainage has 
been established, total serum bilirubin levels usually 
decrease by 2 to 3 mg/dl/day. Chronic catheterization is 
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well tolerated, since pain at the skin puncture site lasts 
only three to four days ard most patients can leave the 
hospital within one week of the procedure (Fig 4). The No. 
8.3 F catheter rarely obstructs secondary to sludging. 
. Patients irrigate the catheter every other day at home with 


25 ml of sterile saline solution. Repeated cholangiograms 
. are obtained every two months after internal biliary- 


drainag= is established. Total serum bilirubin and alkaline 
phosphatase levels ere determined monthly. No long-term 
oral antibiotic prophylaxis is used and ascending cholangi- 
tis has not beem a problem. Chronic internal drainage 
catheters are well tolerated much like T-tubes. 

Operative mortality for pancreatoduodenectomy in 
patients with total serum bilirubin levels approximating 20 
mg/dl'*' has been reported to be twice that of less 
jaundiced patients. Some authors have recommended an 
initial surgical drainage procedure followed by pancreato- 
duodenectomy when the serum bilirubin level has reached 
near nermal levels. *-'* In patients with resectable tumors 
and marked jaundice, temporary preoperative transhepatic 
internal drainage may provide an effective way to lower 
the serum bilirubin level and eliminate the first operative 
stage. Temporary transhepatic drainage provides time for 


correction of nutritional and metabolic derangements - 


<= 


preoperatively while liver function is recovering. — 


Since most authors agree that tumor invasion of major - 


arteries or veins indicates an unresectable lesion, other 
roentgenographic techniques can be incorporated in the 
diagnestie workup. Arteriography or transhepatic portog- 
raphy may therefore be performed to determine resectabil- 
ity.'** Cytologic diagnosis of malignant neoplasms can be 
obtained in many cases without surgery" since a thin- 


needle aspiration biopsy can be performed by aiming. 


toward the obstructed duct. Brush biopsy specimens can 
also be obtained through the transhepatic drainage cathe- 
ter in primary ductal malignant neoplasms. 

Patents with malignant biliary obstruction most suited 
for transhepatie internal drainage include those with 
unresectable tumors with late ductal obstruction, meta- 
static tumors that encase the porta hepatis, cholangiocarci- 


nomas involvimg the intrahepatic ducts, and resectable 


tumors associated with severe jaundice (total serum biliru- 
bin level greater than 20 mg/dl). 


Ben gn Strictures 


Benign strictures of the common duct are ME related 
to operative trauma. Satisfactory long-term results after 
surgieal repair are attained in only approximately 60% of 
the eases.” Transhepatic internal catheter drainage 
should help improve liver function and allow time for 
repletion of nutritional status in patients with operable 
strictures and severe jaundice (total serum bilirubin level 
greater than 20 mg/dl. The catheter provides a useful 
landmark for ocating tae often small distal common duct 
at surgery. The transhepatic catheter may also be left in 
place for long periods after operative repair of strictures to 
help stent the surgical anastomosis. When a very high 
striccure follows multiple unsuccessful surgical repairs, the 
transhepatic catheter may be left in place for prolonged 
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periods to establish internal drainage and relieve symp- 
toms (Fig 5). 

Our experience indicates that transhepatie internal 
drainage of benign and malignant biliary obstruction 
carries an acceptably low risk of hemorrhage and infection 
and is well tolerated for long periods without catheter 
change. It is an attractive means of palliating inoperable 
malignant obstruction or benign strictures in poor-risk 
patients or in patients with strictures which would be 
technically difficult to repair. Temporary biliary decom- 
pression in patients with resectable tumors or operable 
strictures allows subsidence of jaundice prior to the defini- 
tive surgical procedure. 
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. Mayo — to 1972 195 96 100 100 
8H. ligu SEDE 92 93 100 100 
. Wadsworth to1972 123 89 96 - 100 
poss i 4922-75 76 84 96 100 

. Tufts 1973-76 26 100 100 100 
1977 59 98 98 98t 

1978 37 100 100 100 
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pz Five years: 
of clinical experience 
for the serious . 
anaerobic infection 
you treat today 


Extensive research and clinical experience have  . 
established that anaerobic bacteria, once thought ^ 
innocuous, are often the cause of serious infections. 
During this time, clinical experience has 
also established the efficacy of Cleocin* Phosphate  - 
(clindamycin phosphate injection, NF) in serious 
anaerobic infections— primarily intra-abdominal a 
sepsis and female pelvic infection—used concomitantly 
with appropriate surgical procedures. 
Clindamycin has maintained an excellent record 
of in vitro activity against Bacteroides fragilis, the most 
commonly isolated anaerobic pathogen in these infections. 


In Vitro Susceptibility of B. fragilis at Three Infectious Disease Centers* 
as Determined by Agar or Broth Dilution Method 


Cumulative Percentage at 
Various Concentrations (ug/ml) 


— 8.0 





Number of 
Strains 
Tested 





* Published data or data on file with The Upjohn Company. The use of this data does not 
constitute, imply, or suggest a recommendation of Cleocin by these centers. 


*Of 678 strains tested at these centers, only one resistant strain, with an MIC of 32 ug/ml, 
was encountered. 


In a study of six healthy male volunteers receiv- 
ing 600 mg intravenous infusions of Cleocin Phosphate 
every six hours, the mean peak serum concentration 
following the fourth dose was 10.42 ug/ml. The mean 
serum concentration immediately before infusing the 
fourth dose was 3.27 ug/ml. 

The parenteral route is recommended initially. 
Oral Cleocin* HCI (clindamycin HCI capsules, USP) ei 
may be instituted when the patient's clinical status 
has improved. 

As there is no cross-allergenicity to the 
B-lactam antibiotics, such as the penicillins and 
cephalosporins, Cleocin is useful in seriously ill 
patients infected with susceptible organisms and who 
are sensitive to drugs in those classes. Hypersen- 
Sitivity to clindamycin has been reported; if a hypersen- 
sitivity reaction occurs, the drug should be discontinued. 
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T WARNING | || 
| Clindamyzin therapy ^as been associated |- 
with sevese colitis which may enc fatally. = | 
Therefore it should be reserved for serious 
infections where less-toxic antimicrobial 
agents ars inapproprate. as described in the 
INDICATIONS section. It should rot be usec 
in patients with nonbacterial infections, such 
as most . pper respiratory tract infections. 
Studies irdicate a tomin(s) produced by Clos- 
tridia is ome primary cause of antidiotic-asso- 
ciated coitis. See WARNINGS section. The 
Colitis is : sually characterized by severe, per- 
sistent diarrhea and severe abdominal 
cramps and may be associated with the pas- 
sage of biood and mucus. Endoscopic exam- 
ination may reveal pseudomembranous 
colitis. | 

When significant diarrhea occurs, the drug 
should be discontinued or, if necessary, con- 
| tinued orly with close observation of the 
patient. Large-bowel endoscopy has been 
recommended. 

Antipeistaltic agemts such as opiates and 
dipheno»ylate with atropine (Lomotil®) may 
prolong and/or worsen the concition. 

Diarrhea, colitis, and pseudomembranous 
Colitis have been observed to begin up to 
several weeks following cessation of therapy 
with clincamycin. 











ate. Because of the risk of colitis, as described in 

the WARNING box, before selecting clindamycin 
the physician should consider the nature of the 
infection and the suitability of less-toxic alter- 
natives (eg, erythromycin). 

Anaerobes: Serious respiratory tract infections 
such as empyema, anaerobic pneumonitis and 
lung abscess; serious skin and soft-tissue infec- 
tions; septicemia; intra-abdominal infections such 
as peritonitis and intra-abdominal abscess (typi- 
cally resulting from anaerobic organisms resident 
in the normal gastrointestinal tract); infections of 
the female pelvis and genital tract such as endo- 
metritis, nongonococcal tubo-ovarian abscess, 
pelvic cellulitis and postsurgical vaginal-cuff 
infection. 

Streptococci: Serious respiratory tract infec- : 
tions; serious skin and soft-tissue infections; 
septicemia. 

Staphylococci: Serious respiratory tract infec- 
tions; serious skin and soft-tissue infections; sep- 
ticemia; acute hematogenous osteomyelitis. 

Pneumococci: Serious respiratory tract 
infections. 

Adjunctive Therapy: In the surgical treatment of 
chronic bone and joint infections due to suscep- 
tible organisms. Indicated surgical procedures 
should be performed in conjunction with antibi- 

otic therapy. 

Bacteriologic studies should be performed to 
determine the causative organisms and their sus- 
ceptibility to clindamycin. 

Contraindications: History of hypersensitivity to 
clindamycin or lincomycin. 


Warnings: See WARNING box. Studies indicate 
a toxin(s) produced by Clostridia is one primary 
Q) cause of antibiotic-associated coiitis. Mild 
cases of colitis may respond to drug discon- 
tinuance alone. Moderate to severe cases 
should be managed promptly with fluid, 
electrolyte, and protein supplementation 
as indicated. Systemic corticaids and corti- 
coid retention enemas may help relieve 
the colitis. Other causes of colitis should 
also be considered. 

A careful inquiry should be made con- 
cerning previous sensitivities to:drugs and 
other allergens. Antagonism has been dem- 
onstrated between clindamycin and erythro- 
mycin in vitro. Because of possible clinical 
significance, these two drugs should not be 
administered concurrently. 

Usage in Pregnancy: Safety for use in preg- 
nancy has not been establishec. 
Usage in Newborns and Infants: When clinda- 
mycin phosphate is administered tc newborns 
and infants, appropriate monitoring of organ sys- 
tem functions is desirable. 
Nursing Mothers: Clindamycin has been 
reported to appear in breast milk in ranges of 0.7 
to 3.8 ug/ml. 

Usage in Meningitis: Since clindamycin does 
not diffuse adequately into the cerebrospinal 
fluid, the drug should not be used m meningitis. 


SERIOUS ANAPHYLACTOID REACTIONS 
REQUIRE IMMEDIATE EMERGENCY TREAT- 
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Each ml contains: 
clindamycin phosphate 


equuaiptitto- Ee uda aa 150 mg 

clindamycin 
besPyEdlcohol. ote... RR rra ts 9 mg 
disodium edetate .... ....... T ESPERE A 0.5 mg 


weler tor MOCHO oos ree pres 
When necessary, pH adjusted with NaOH 
and/or HOI. 

i Indicatians: Clindamycin is indicated in the 
treatmerr of serious infections caused by sus- 
ceptible enaerobic bacteria. 

Clindamycin is also indicated in the treatment 
of serious infections due to susceptible strains of 
Streptococci, pneumococci, anc staphylococci. 


Its use should be reserved for penicillin-allergic J-6816-9 
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. change in bowel frequency. Prescribe with cau- 


In serious anaerobic infections... 


Cleocin Phosphate — 
(clindamycin phosphate injection, NF) . 
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less well. When clindamycin is indicated in these — 
patients, they should be carefully monitored for 


tion in individuals with a history of gastrointestinal — 
disease, particularly colitis. "c 
Do not inject intravenously as an undiluted — 
bolus; infuse as directed in package insert. Indi- 
cated surgical procedures should be performed — - 
in conjuriction with therapy. Patients with very | 
severe renal disease and/or very severe hepatic — 
disease accompanied by severe metabolic aber- — 
rations should be dosed with caution and serum — 
clindamycin levels monitored during high-dose — 
therapy. 4l 
Prescribe with caution in atopic individuals. — 
During prolonged therapy, periodic liver and kid- 
ney function tests and blood counts should be — 
performed. Use may result in overgrowth of non- — 
susceptible organisms, particularly yeasts. a 
Should superinfection occur, adjust therapy as — . 
Clinical situation dictates. Clindamycin has been - " 
shown to have neuromuscular blocking proper- — 
ties that may enhance tne action of other neuro- — 
muscular blocking agents. Use with caution in - J 
patients receiving such agents. 


Adverse Reactions: Gastrointestinal: Abdominal — 
pain, nausea, vomiting and diarrhea. (See T 
WARNING box.) Hypersensitivity Reactions: pS 
Maculopapular rash and urticaria have been a: 
observed. Generalized mild to moderate morbilli- 
form-like skin rashes are the most frequently ) 
reported of all adverse reactions. Rare instances 
of erythema multiforme, some resembling S 
Stevens-Johnson syndrome, have been asso- 
ciated with clindamycin. A few cases of anaphy- 
lactoid reactions have been reported. Ifa = 
hypersensitivity reaction occurs, the drug should 
be discontinued. The usual agents (epinephrine, 
corticosteroids, antihistamines) should be avail- — 
able for emergency treatment of serious reac- 4 
tions. Liver: Jaundice and abnormalities in liver — 
function tests have been observed during clinda- — - 
mycin therapy. Hematopoietic: Neutropenia, — — 
eosinophilia, agranulocytosis and thrombocyto- — . 
penia have been reported; no direct etiologic 
relationship to concurrent clindamycin therapy 
has been made. Local Reactions: Pain, indura- — 
tion, and sterile abscess have been reported after — 
intramuscular injection, and thrombophlebitis — 
after intravenous infusion. Reactions can be min- 
imized or avoided by giving deep intramuscular, 
injections and avoiding prolonged use of indwell- — 
ing intravenous catheters. Musculoskeletal: Rare — 
instances of polyarthritis have been reported. — 
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How Supplied: Available as a sterile solution — 


with each ml containing clindamycin phosphate 
equivalent to 150 mg clindamycin. Ampoules 

of 2 and 4 ml. D. 
Caution: Federal law prohibits dispensing without — 


prescription. MED 8-6S 4 
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Bacteriologic and Systemic Effects 


of Intraoperative Segmental 


Bowel Preparation With Povidone Iodine 


Abelardo Arango, MD; J. Lancelot Lester III, MD; Octavio V. Martinez, PhD; Theodore I. Malinin, MD; Robert Zeppa, MD 


è A technique for intraoperative segmental preparation of the 
large bowel, using 10% povidone iodine, was evaluated in 25 
patients undergoing elective colon resection. 

Qualitative and quantitative bacteriology was obtained from 
the normal bowel content and from segments of colon treated 
with povidone iodine or normal saline. Forty-five of 50 segments 
treated with povidone iodine demonstrated no growth, whereas 
the segments injected with normal saline maintained bacterial 
counts of 3.5 x 10* colony forming units per milliliter. There were 
no septic complications in this group of patients and the levels of 
triiodothyronine and thyroxin remained unchanged despite a 
substantial absorption of iodine, as demonstrated by protein- 
bound iodine determinations. Intraoperative segmental prepara- 
tion of the colon with 1096 povidone iodine is a simple technique 
that may be useful in the enhancement of other methods of bowel 
preparation by further reducing the endogenous bacterial inocu- 
lum at the time of transection of the colon. 

(Arch Surg 114:154-157, 1979) 


great deal of controversy exists in regard to the ideal 
modality of bowel preparation for patients who 
undergo surgery of the colon.'? This type of surgery is still 
plagued with septic complications, most of which arise 
from endogenous bacteria that contaminate the operative 
field during the surgical procedure. Avoidance of endog- 
enous bacterial contamination during large bowel surgery 
has been a goal of many surgeons throughout this century. 
To this end, multiple regimens of mechanical and antimi- 
erobial preparations have been designed to abolish, or at 
least reduce the inoculum below some critical level. Howev- 
er, in practice the most vigorous preparations and the 
various antibiotic regimens fall short of achieving sterility 
of the bowel, with the bacterial concentration commonly 
remaining more than 1 x 10° organisms per gram of 
feces.*^ 
Accepted for publication June 22, 1978. 
From the Department of Surgery, University of Miami School of Medi- 
cine, and the Veterans Administration Hospital, Miami. 
Presented at the meeting of the Association of Veterans Administration 
Surgeons, St Louis, May 1-2, 1978. 


Reprint requests to Department of Surgery, University of Miami School 
of Medicine, PO Box 520875, Miami, FL 33152 (Dr Arango). 
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This aim of this study was to evaluate a technique of 
segmental »owel preparation using 10% povidone iodine in 
patients undergoing elective colon resection. The following 
three aspeets were analyzed: (1) the local bacteriocidal 
action of this substance in the segments of colon around 
the margins of resection; (2) the systemic absorption of 
iodine and ts effect on the levels of thyroid hormones; and 
(3) the clin eal course of the patients in whom this tech- 
nique was used. 


MATERIALS AND METHODS 
Subjects and Technique 


Between 1373 and 1977, 25 patients scheduled for elective colon 
surgery and indergoing resection and primary anastomosis were 
studied. The indications for operation were as follows: carcinoma 
in 14 cases, Giverticular disease in five, volvulus in three, stenotic 
ischemic segment in one, and granulomatous colitis and polyps in 
one. The age in this group of patients varied between 42 and 72 
years. The preoperative bowel preparation in the patients was 
solely mechanical and consisted of the following regimen: full 
liquid diet fo> 48 hours, changing to clear liquids on the day before 
surgery; sodiim phosphate and biphosphate in buffered aqueous 
solution giver in a volume of 30 ml three times a day during the 24 
hours preceding the operation; saline enemas given until clear the 
night prior te surgery; and fluid and electrolyte replacement for 
the last 12 haurs administered to correct any possible side effects 
of the vigoroas cathartic administration. 

During the procedure in the areas around the proximal and 
distal ends of resection, a 10-cm segment of colon was stripped of 
its content ard isolated between totally occluding umbilical tapes. 
Fifty milliliters of 10% povidone iodine were then injected intra- 
luminally in »oth segments using a 19-gauge scalp vein needle. 
Transection cf the bowel was delayed until the specimen was fully 
mobilized and the mesenteric dissection was completed; this 
allowed the pevidone iodine to remain in the segments for at least 
20 minutes. Aliquots of the contents of each segment were 
obtained pricr to the transection of the colon for bacteriologic 
culture. The r»sected specimen was placed on a side table where an 
aliquot of unaltered bowel content was collected for culture and 
another 10-c segment of colon isolated and injected with 50 ml of 
normal saline to obtain a dilution control. The technique of 
specimen collection is schematically illustrated in Fig 1. 
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Fig 1.—lliustration of technique: 10% povidone iodine is injected 
in segment at proximal and distal ends of resection. Saline is 


injected in specimens as NE ion control. 
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E Analysis 


A 1-mi aliquot was taken from 2-ml samples for serial dilution 
10' to 10° in nutrient broth containing 1% sodium thiosulfate to 
inactivate the povidone iodine. The calibrated loop method was 


used te inoculate .01 from each dilution into nutrient ener pines 


for quantitative determination. 


The original samples were zlso inoculated for microbial identifi- | 
cation into plates ef the follcwing substances: (1) trypticase soy - 


agar with 5% sheep blood (BAP); (2) eosin methylene blue (EMB); 
and (3) phenylethy! aleohol bleod agar (PEA). All plates and tubes 
were incubated at 37 *C under normal atmospheric conditions for 


24 hours. At this time, colony counts were determined and 


reported as colony forming units (CFU) per milliliter of inoculum 
(CFU /ml). Definite identifications of all isolates were performed 
by standard biochemical procedures. After 24 hours, the tubes 
containing the highest dilution with evidence of growth were 


again subcultured for identification of predominant or een 


organisms in BAP, EMB, and PEA media (Fig 2). 
Thyroid Hormone Studies 


The patients hac determinations of serum protein-bound iodine 
(PBI), triiodothyronire (T,), and thyroxin (T,) the day before the 
operation and postoperatively at 24 hours and seven days. 


Clinical Course 
The patients were followed for 60 days for any evidence of 


wound or intra-abdominal infection, anastomotic disruptions, or 
any evidence of tcxic effects secondary to the povidone iodine. 


RESULTS 
Quantitative Bacteriology 


Our regimen of mechanical bowel preparation resulted in 
an average bacterial count of 3.5 x 10'^ CFU/ml of feces. 
This represents minimal variations from reported normal 
bacterial counts in colonic content (Table 1). In the 
segment injected with normal saline, the average count 
was 3.5 x 10° CFU/ml, which demonstrates a considerable 
reduction i in the bacterial population all explained on the 
basis of dilution (Table 1). The most striking finding, 
however, was noticed in che segments injected with 10% 
povidone - iodine. Forty-five of the 50 samples demon- 


# »- 


strated no ‘growth after 24 hours (Table 1 and Fig 3). 
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Fig 2.—Schematic illustration of quantitative and qualitative 
bacteriological analysis. 


Qualitative Bacteriology 


Specimens of the bowel content of all 25 patients showed 
a normal facultative microflora. For all cases Escherichia 
coli, Enterobacter, and Proteus species were the predomi- 
nant organisms (Table 2). 

_A substantial difference between the microbial composi- 
tion of saline and povidone iodine-treated segments was 
observed (Table 3). For the initial cultures, the saline- 
treated samples showed a predominance of E coli, Proteus 
sp, coagulase negative staphylococci, and latobacilli, in that 
order. Escherichia coli continued to be the predominant 
isolate in the highest dilution after 24 hours of incubation. 
In contrast, the povidone iodine-treated samples from 
which any isolates were obtained showed E coli, Bacillus, 
and Pseudomonas species as the organisms most commonly 
found in the initial sample, whereas B subtilis were the 


only isolates obtained from the highest dilution after 24 


hours of incubation. 
Thyroid Hormone Changes 


All patients demonstrated a considerable rise in the 
values of PBI from an average of 682.1 + 336 mg/dl to a 
minimum 1,407.58 after 24 hours. It should be noted that 
the SD of the basal levels was very large due to the fact 
that some patients, but not all, have had intravenous 
pyelogram studies as part of their preoperative work- -up. 
After seven days, the PBI levels were still elevated, but 
below the 24-hour volumes. In contrast, the T, and T, values 
remained unchanged during the obuery ation period 
(Table i 
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Table 1.—Bacterial Concentrations 
Sample, 20 Minutes Posttreatment, CFU/ml* 
1096 Povidone lodine 


pA 
Proximal Distal 


Case Bowel 
No. Content 


8.0 x 10” 
3.6 x 10"? 
2.2 x 10* 
1.8 x 10* 
3.6 x 10" 
2.4 x 10" 
1.5 x 10* 
21x" 
dan 10" 
10 5.4 x 10" 

11 4.8 x 10* 

12 TH oc4 D tn 

13 1.5 x 10" 

14 1.2 x 10” 

1715 2.6 x 10" 
16 4.6 x 10" 

17 52. x 107 

18 1.8 x 10° 

19 1.2 x 10* 

20 4.0 x 10° 

8.0 x 10" 

2.2 x 10° 

4.8 x 10' 

24 6.2 x 10* 

4.6 x 10” 


Saline 
1.8 x 10* 
2.2 10 
8.0 x 10* 
1.2 x 10° 
2.8 x 10' 
1.8 x 10? 0 
9.8 x 10° 6.0 x 10* 
1.2 x 10° 1.2 x 10? 
4.0 x 10* 0 
3.2 x 10° 
2.4 x 10* 
8.0 x 107 
1.2 x 10° 
2.2 x 10" 
1.8 x 10* 
3.4 x 10’ 
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6.0 x 10* 
4.6 x 10° 
1.8 x 10* 
2.0 x 10' 
2.6 x 10' 
5.8 x 10* 
30x10 
3.0 x 10* 
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*CFU indicates colony forming units. 


Bowel Content 
Highest Dilution 
Ecol a 
P vulgaris 
K pneumoniae 
S epidermis — 


First Dilution 


Escherichia coli 

Proteus mirabilis 
Enterobacter sp 

Klebsiella pneumoniae 

P morganii 

Staphylococcus epidermidis 
Lactobacillus sp 
Streptococcus B hemolytic 
Streptococcus group D 


*Qualitative bacteriology in bowel content after 48 hours of mechanical 
preparation. 


Clinical Results 


There were no anastomotic disruptions, intra-abdominal 
abscesses, or wound infections in this group of patients. 
Minor postoperative atelectasis developed in three 
patients, one had a urinary tract infection and a serous 


collection developed in the wound of one patient, which . 


drained 16 days postoperatively; this fluid was cultured 
aerobically and anaerobically and did not demonstrate 
bacterial growth. The only complications related to the 
technique were intramural injection of the povidone iodine 
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Fig 3.—Logarithmic count of colony forming units (CFU) in bowel 
content after mechanical preparation and in segments of colon 
treated with saline or povidone iodine. 


IW 
Povidone iodine segments 
First dilution 
Escherichia coli 
Bacillus subtilis 
. Pseudomonas sp - 
Highest dilution 
B subtilis 
Saline segments 
First dilution 
E coli 
Proteus mirabilis 
Staphylococcus epidermidis 
Lactobacillus sp _ 
Highest dilution 
E coli 


*Comparative bacteriology in segments of colon treated with norma! 
saline or 1096 povidone iodine. 


. Table 4.—Changes in Thyroid Hormones* 


Thyroxin, 


Protein-bound Triiodothyronine, 
% mg/dl 


Time . i lodine, mg/dl % 
Baseline 682.1 + 336 12.15 + 0.92 


24hr 1,407.58 
7 days 1,108.6 


* After intraluminal preparation of bowel with 10% povidone iodine. 


in two patients and one patient who complained of “iodine 
taste” for 72 hours postoperatively. l 


COMMENT 


The cause, and, therefore, the prevention of postopera- 
tive infecticns depend largely on the nature of the surgical 
procedure. It has been clearly demonstrated that in elec- 
tive, clean operations, such as hip replacements, the reduc- _ 
tion of air-borne bacteria by the use of ultraviolet light and 
laminar flow ventilation dramatically decreases the inci- _ 


A 
= 4 
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dence of infection However, in colon surgery, the most 
likely source of bacterial contamination leading to clinical 
infections is from within the colon itself.** Prevention of 
infection in these eases, then, depends on the ability to 
. control the intestinal microflora and the intraoperative 
. spillage of bowel content.' 

The colon is the argest reservoir of bacteria in man, with 
viable micro-organisms accounting for more than 20% of 
the wet weight of the feces, therefore, complete steriliza- 

- tion of the entire colonic content is probably impossible.*-'* 
However, transient reductien of the endogenous bacteria is 
feasible and would seem to be a logical and desirable goal. 
To this end, multiple regimens of preoperative bowel 
preparation and antisepsis have been designed; A 
commonly accepted method of achieving this is the 
mechanical preparation of the colon by adjustments of the 
diet and administration of purgatives and enemas. This 
results in a frank reduction of the fecal mass and a variable 
but limited reduetion of tae bacterial concentrations. 

A more controversial and highly debated issue is that of 
intestinal antisepsis.'* The advent of sulphonamides in the 
late 1930s gave hope for a substantial suppression of the 
colonic microflora. Garlock and Seley'' observed a lower 
incidence of wound infections with the use of sulphanila- 
mides; Poth anc Knotts' and Firror' reported consider- 
able dramatic reduction m anastomotic breakdowns with 
the use of oral sulphonamides. Since then, various methods 
of intestinal amtisepsis 1ave been introduced, including 
oral, parenteral, and topical antibiotics. In spite of all the 
advances made and the multiple regimens proposed, post- 
operative sepsis continues to be the most common compli- 
cation of colon surgery.* 

It seems that an intraoperative technique designed to 
potentiate the antibacterial effects of any given bowel 
preparation, previding regional antisepsis in the area of 
transection of the colen without altering the general 
balance of the intestinal microflora would be a very useful 
surgical technique. Such a technique would be particularly 
indicated in cases found at operation to have a suboptimal 
colon preparation or, in urgent situations with limited 
preoperative time. Segmental sterilization of the bowel 
lumen by injections of antiseptic substances was done by 
Malinin” in an effort to prevent contamination of the 
tissues during aseptic autopsies. Intraoperative instillation 
of antibiotics was proposed by Poth, who performed 52 
repairs or anastomoses in unprepared colons without 
suture line failures. Mere recently, segmental intraopera- 
tive bowel preparations have been achieved experimentally 
with the use of 10% powidone iodine injected intraluminally 
in the unprepared sigmoid colon of dogs (J. L. Lester, MD, 
personal oral communication, 1973).?'* Because of the 
apparent effectiveness and simplicity of this technique, 
the present study evaluated its use in 25 patients undergo- 
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ing elective colon resections. A short but intensive period — 
of mechanical preparation resulted in marked reduction of 


the fecal mass, but there was no change in bacterial  - 


composition and concentration of the bowel content. 
Segmental injection of 10% povidone iodine produced 
negative cultures in 45 of 50 treated colon segments, a 


substantial change when compared with the saline-injected 


segments. This striking reduction of the bacterial popula- 
tion in the areas of transection of the bowel probably will 
translate in a lower intraoperative contamination of the 
surgical field. No serious toxic effects were noted and, 
although a considerable amount of iodine was absorbed 
from the lumen, it did not produce alterations in the 
normal levels of thyroid hormones. 

The technique of isolation and segmental sterilization of 
the bowel lumen as previously described is simple, expedi- 


tious, and highly effective from the bacteriologic point of — 5 


view. Although the initial clinical results in this study are — 
encouraging, a much larger series of patients is required to 
establish the possible impact of this technique on the 
incidence of wound infections, intraabdominal sepsis, or 
anastomotic disruptions associated with colon surgery. 
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Periorbital Ultrasound Findings 


Hemodynamies in Patients With Cerebral Vascular Disease 


Jonathan B. Towne, MD; Sergio Salles-Cunha, MSc; Victor M. Bernhard, MD 


e The direction of supraorbital and frontal artery flow and its 
response to compression of the superficial temporal, facial, and 
angular arteries were measured in 250 carotid arteries in 114 
patients. All patients had arch and/or selective carotid arteriog- 
raphy. The carotid arteries were placed into the following three 
groups: hemodynamically normal, greater than 60% occlusion of 
the internal carotid artery, and total occlusion of the internal 
carotid artery. The test's accuracy was 94.596 in the hemodynam- 
ically normal group, 68.8% in the totally occluded group, and 
only 51.4% in the group with hemodynamically significant steno- 
sis. 

Although the carotid Doppler examination is not reliable in 
detecting hemodynamically significant lesions of the internal 
carotid artery, it is valuable in assessing the adequacy of collat- 
eral cerebral circulation. 

(Arch Surg 114:158-160, 1979) 


[ere examination of the periorbital arteries gives 
important hemodynamic information in internal 
carotid artery occlusive disease and establishes the adequa- 
cy of collateral cerebral circulation. The periorbital anasto- 
moses between the branches of the external carotid artery 
and the ophthalmic branch of the distal internal carotid 
artery have been described.'* Normally in the absence of a 
hemodynamically significant internal carotid artery steno- 
sis there is antegrade flow from within the orbit outward 
to the face that inereases or augments when branches of 
the external carotid artery are compressed. With internal 
carotid artery stenosis, the direction of flow is reversed as 
these vessels supply collateral flow to the distal internal 
carotid system. This prospective study assessed the value 
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of the supraorbital Doppler examination in determining 
the adequacy of collateral cerebral circulation in patients 
with totally occluded or hemodynamically significant 
stenosis of the internal carotid artery by comparing roent- 
genographic anatomic findings with clinical symptoms. 


MATERIALS AND METHODS 


We performed carotid Doppler examinations on all patients 
undergoing acrtic arch and selective carotid artery arteriography 
for the evaluation of extracranial carotid occlusive disease 
between November 1975 and March 1978. This group included 
patients with neurologic symptoms as well as patients with 
asymptomatic carotid bruits. We performed the Doppler test as 
described by 3rockenbrough’ with the compression maneuvers 
described by Barnes et al.’ 

The patient was examined while in a supine position with his 
head on a small pillow. A directional Doppler was used to 
determine the direction of flow of the frontal and supraorbital 
arteries. While continuing to listen over these arteries, the 
ipsilateral and contralateral superficial temporal artery, facial 
artery, and anzular artery were sequentially compressed. The 
effect of the compression maneuvers on the direction and velocity 
of periorbital flew was noted. The superficial temporal artery was 
compressed anterior and superior to the external auditory meatus, 
the facial artery was compressed just anterior to the angle of the 
mandible and the angular artery at the inferior medial aspect of 
the orbit. 

When two peoole performed these tests, both superficial tempo- 
ral arteries ard both facial arteries were simultaneously 
compressed to orevent movement of the head. If a positive 
response was noced, each artery was compressed individually to 
determine the scurce of the collateral flow. Normal response was 
antegrade flow o^ blood from within the orbit outward to the face 
that was either augmented or unaffected by the compression 
maneuvers. A henodynamically significant stenosis caused retro- 
grade flow in the frontal and supraorbital vessels, which was 
diminished or ooliterated by the compression maneuvers. In 
addition, retrograde flow reverting to antegrade flow with 
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compressien as well as antegrade flow diminishing with compres- 
sion were »ositive responses. All studies that demonstrated abnor- 
mal direction of flow but were unaffected by compression of the 
ipsilateral and contralateral external carotid branches were 
repeated to eliminate the possibility of inaccurate probe place- 
ment. Common carotid artery compression was not used. 

All patients had aortic arch and selective carotid arteriography 
with standard biplane films of the carotid bifurcation most often 
performec through right femoral artery catheterization. A few 
patients with diffuse aortoiliac occlusive disease were studied by 
the transaxillary approach. Occasionally, spot films were obtained 
to further delineate the pathologic anatomy. The amount of 
stenosis vas measured by comparing the diameter of the narrow- 
est portion of the internal carotid artery to the diameter of the 
normal lumen distal -o the stenosis. The arteriograms were 
evaluated without knowing the results of the Doppler evaluation, 
and the arteries were placed in the following three groups: (1) 
totally occluded, (2) greater than 60% stenosis, and (3) hemody- 
namically normal vessels. This later category included all patients 
with less than 60% stenosis as well as all normal vessels. A 
60%-stenesis represents an 84% decrease in the cross-sectional 
area and is hemodynamically important. 

Two hundred and fifty carotid arteries were evaluated in 114 
patients. Several patients had multiple Doppler examinations to 
determine the reproducibility of the test. 


RESULTS 


The Doppler evaluation was normal in 171 of 181 hemo- 
dynamieally normal vessels for an accuracy of 94.5% 
(Table). There were ten false-positive results (5.5%). Of the 
37 internal carotid arteries with greater than 60% stenosis, 
the tesz was positive in 19 (514%) and negative in 18 
(48.6%). In 32 totally occluded vessels, the test was positive 
in 22 (68.8%) and negative in ten (31.2%). 

We evaluated the examinations in which both frontal 
and supraorbital flow were antegrade and did not change 
with compression maneuvers. This group contained 44 of 
the 250 arteries (17.6%), only nine of which had hemody- 
namieally significant occlusive disease of the internal ca- 
rotid artery for an incidence of 20%. Therefore, an evalua- 
tion with antegrade flow without augmentation has an 80% 
chance of being normal. 

There were 28 false-negative examinations in this series. 
This group's resporses to the compression maneuvers were 
as follews: of the ten totally occluded arteries, three had 
antegrade flow without augmentation and seven had ante- 
grade Jow with augmentation, and of the 18 arteries with 
greater than 60% occlusion, six had antegrade flow without 
augmentation and 12 had antegrade flow with augmenta- 
tion. Five of the nine arteries that had antegrade flow 
withovt augmentation were in neurologically asymptomat- 
ie patients. Four cther patients had the following neuro- 
logie symptoms: vague arm weakness (one), vertebral 
basilar symptoms (one), transient ischemic attack (one), 


Results of Supraorbital Doppler Evaluation 


False False- 
Accuracy, 96 Negative, 96 Positive, 96 


Normal 94.5 "P 5.5 
> 6296 stenosis 51.4 48.6 
Total occlusion 68.8 31.2 
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and amaurosis fugax (one). There were 19 arteries with 
antegrade flow and augmentation of periorbital flow on 
compression of branches of the external carotid artery. 
Thirteen patients were asymptomatic and six had the 
following neurologic symptoms: amaurosis fugax (two), 
nonspecific neurologic symptoms (two), cerebrovascular 
accident (one), and decreased memory (one). 


COMMENT 


The accuracy of the supraorbital Doppler examination in 


the detection of hemodynamically significant internal 


carotid artery stenosis has been quite variable in the — 


several published series ranging from 58% to 98%.°* There - " : 


are several causes of false-negative examinations. The test 


is technically difficult to perform because the periorbital 
vessels are small, approximately 1 to 2 mm in diameter, 


whereas the probe is 7.5 mm in diameter. The signal is — 
altered by the slightest movement of the probe or by a — 


slight increase in the pressure applied by the probe over 
the artery, which may decrease the flow in the artery. 
However, we have not noted an increase in the diagnostic 
accuracy during the 2!? years we have been using this test. 
The number of ambiguous tests that had to be repeated has 
decreased in this interval, but the number of false-negative 
examinations in the totally occluded and stenotic internal 
carotid artery group has not changed substantially. 

Barnes et al‘ recommended common carotid artery 
compression to detect those patients whose collateral flow 
is primarily through the circle of Willis. In his experience, 
7% of the patients with hemodynamically significant 
stenosis will have collateral flow through the circle of 
Willis, which is not detected by the compression maneuvers 
of both the ipsilateral and contralateral branches of the 
external carotid artery. We do not feel this small increase 
in accuracy justifies even the slight risk of inducing a 
neurologic defieit by dislodging atheromatous debris by 
common carotid artery compression. 


Lye et al'? reported concomitant stenosis of the ipsilater- 


al external carotid artery as a cause of false-negative 
examinations. This was present in four of our 28 false- 


negative tests. However, the contralateral compression of 


the superficial temporal, facial, and angular arteries should 
detect the collateral except in those patients with bilateral 
external carotid artery stenosis. 

Despite this lack of accuracy, supraorbital Doppler 
examination is a valuable tool to determine the physiologie 
importance of occlusive disease of the carotid bifureation 
by evaluating the adequacy of the collateral flow. The 
presence of antegrade flow, which normally augments with 
compression maneuvers in the presence of substantial 
occlusive disease, indicates that collateral flow to the brain 
is adequate at the time of examination. Of the 19 patients 
with false-negative examinations who had antegrade flow 
with augmentation, only six had neurologic symptoms, two 
of which had amaurosis fugax most likely secondary to 
emboli and unrelated to flow. Knowledge of the physiology 
of periorbital blood flow is helpful in selecting for opera- 
tion those high-risk patients with asymptomatic carotid 
stenosis. Also, in patients with asymptomatic bruit 
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detected during admission for other vascular or major 
surgical procedure, the presence of a normal Doppler with 
augmentation to compression maneuvers assures adequate 
cerebral perfusion. 

These Doppler findings provide a better understanding 
of the dynamics of cerebral blood flow. An evaluation of 
the periorbital flow and response to compression of the 
branches of the external carotid artery can help differen- 
tiate flow related problems from embolic disease. In 
patients with equivocal symptoms, this test can help 
distinguish symptoms secondary to decrease flow from 
other problems not related to large vessel flow in the 
neck. 

This data also suggest that the Doppler evaluation can be 
used to select patients for superficial temporal to intra- 
eranial artery bypass who have total occlusion of the 
internal carotid artery. In the absence of occlusive disease 
of the carotid siphon, a patient with a totally occluded 
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artery w30 has antegrade flow with augmentation would 
not be expected to benefit from extracranial- intracranial 
bypass. Further evaluation of this group of patients is in 
progress to evaluate this hypothesis. = é 
A positive Doppler examination is quite important TUM 
should be-evaluated by arteriography if clinically indicated. 
In a symotomatic patient, a negative Doppler evaluation 
does not contraindicate angiography. In this study, the 
periorbital evaluation was only able to detect a hemody- 
namically significant stenosis 51% of the time. Also, an 
ulcerative plaque associated with a nonstenotic occlusion 
could shower the brain with emboli and not be detected by 
Doppler examination. Presently, we are following patients 
with asymptomatic bruits who have a negative Doppler 
test. The periorbital Doppler evaluation is a useful adjunct 
in the evaluation of patients with extracranial carotid 
occlusive cisease and is a useful means of studying collat- 


eral cereb-al circulation. 
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in moderate fo severe pain Stadol 


Bristol Laboratories is pleased to an- 
nounce a new, extensively studied, ^* 
nonnarcotic, parenteral agent that 
comes closer to the ideal analgesic— 
combining a high degree of potency 
in the relief of moderate to severe 
pain, with a low potential for unde- 
sirable side effects. 


Important new option when 
potent parenteral analgesics 
are indicated 


E Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine * and 
meperidine.*^ 7 


W By either I.M. or I. V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


Bi Distinguished by its favorable side 

effects profile, ^^ ?!7*:0*?—low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 


3.5 





Moderate to severe pain, all doses |. V. 

«us Butorphanol tartrate 0.5 mg 

mmm Butorphanol tartrate 1.0 mg 

3.0 aum Butorphanol tartrate 2.0 mg 
«m Morphine sulfate 
ums Morphine sulfate 


2.5 


2.0 


Pain relief score 


0.5 


0 1.0 2.0 Lagi 4.0 


Hours ofter administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study "... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg.” (DelPizzo') 





Morphine 





HO 


and vomiting, and low incidence of 
CNS effects other than sedction. 


E 2 mg. of Stadol produces an order 
of respiratory depression similar to 
that caused by 10 mg. of mcrphine. 
In contrast to morphine, inc-easing 
Stadol doses yield greater analgesic 
effect,’ without appreciably increas- 
ing liability for respiratory depres- 
sion.'^ 


wale ce te pain relie“ 


3.5 (——— 


Moderate to severe paim all doses I.M 


em tor phono! | mg./70 kg 
=m Butorphanol 2 mg. 70 kg 
3.0 =m Butorphano! 4 ma. /70 kg 


sms Meperidine 40 mg./70 kg 
eai i 80 mg./70 kg 


N= 104 
2.9 


2.0 


Pain relief score 





0 "128 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrcte 
and meperidine hydrochloride 


In moderate to severe pain, butorphanol 
tartrate provided relief ’’... that was not 
statistically distinguishable frem that 


achieved with 80 mg/70 kg meperidine.” 
(Gilbert et al’) 


Please see last page for a brief summary of prescribing information. 
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B The low addictive potential of 
Stadol** is underscored by its narcotic 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effect 


7.0 


5.0 


3.0 


Displacement of PACO; (Torr) 





Placebo 





30 60 150 300 
log dose (jig./ kg.) 
Log dose PACO; displacement curves 


In this graph based on alveolar carbon 
dioxide tension (PACO;) measurements, 
the flatter the curve, the less respiratory 
depression. “The flat dose-response curve 

.. of butorphanol may indicate that, 
because of its antagonistic properties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Nagashima et al'5) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 
piratory depression does not increase in a 
dose-related manner with Stadol, within 
the range of recommended doses. 
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Initial days on drug 


Preference scores completed by subjects 
during chronic butorphanol tartrate 
administration compared with scores 
from three other groups of subjects re- 
ceiving 30, 120 and 240 mg. of morphine 
daily. (Adapted from Jasinsxi et al2+) 
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another step closer to the ideal 


The following table shows a side-by-side clinical comparison 
of Stadol with both morphine and meperidine. 


Clinical 
parameters Meperidine 


moderate to moderate to moderate to 
severe pain severe pain severe pain 
Standard I.M. 75-100 mg. 8-10 mg. 2 mg. 
dose (1 to 4 mg.) 
Standard I.V. | 50-100 mg. 4-10 mg. ! ] mg. 
dose (0.5 to 2 mg.) 
LM LY. 4.M./1.V. I.M./I.V. 


Morphine Stadol 









Usual route of 
administration 


























Onset of pain . 30 minutes 30 minutes less than 30 
relief I.M., very I.M., very minutes I.M., 
rapidly I.V. rapidly I.V. very rapidly I.V. 











within 1 hour within 1 hour 


I.M., within I.M., within 
20 minutes I.V. | 30 minutes I.V. 
Duration of pain _ slightly less 


about 4 hours | 3-4 hours 
relief I.M./I.V. | than morphine 
Addicting low 
potential 


Respiratory 
effects 


within 1 hour 
I.M., within 
. 30 minutes I.V. 


Peak analgesic 
activity 
















dose-related 
depression 


dose-related 


limited depres- 
depression 


sion—no appre- 
ciable dose- 
related increase 
within the range 
of recommended 
doses. 




















Data for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 
antagonists, in The Pharmacologiccl Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
pp. 325—339; and from manvfactuser recommendations. 
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INDICATIONS AND USAGE — 

Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 
been shown to be hypersensitive to it. 

WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closel a sables It is important to avoid in- 
creases in dose and frequency of injections ^ the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief cf pain. 
Head injury and increased intracranial pressure: Although there is no clinical ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in cases of 
head injury can produce effects (e.g., miosis) which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is deemed essential. 

Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 

Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the usual clinical dose, pos- 
sibly the result of decreased metabolism of the drug by the liver. 

Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 

Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 


lished. 
ADVERSE REACTIONS—The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 

Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 

Re Y^ dizziness (23, 296), lethargy (19, 296), confusion (15, 196), lightheadedness 
12, 1%). 

Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS effects: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye; diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 
fluids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION —Adults: Intramuscular —The usual recom- 
mended single dose is 2 mg. This may be repeated eyery three to four hours, as neces- 
sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to four hours as necessary. The effective dotoge range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three to four hours. 
Children: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stadol (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-ml. vial; 1 mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose vial. 
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NDC 0015-5645—1 mg. per ml., 1-ml. vials 
NDC 0015-5646—2 mg. per ml., 1-ml. vials 
NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule. 
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Determination of Intestinal Viability by 


Doppler Ultrasound 


Robert W Hobson II, MD; Creighton B. Wright, MD; Joseph A. O'Donnell, MD: 


Zafar Jamil, MD; Wade C. Lamberth, MD; Zia Najem, MD 


* The Doppler ultrasonic flowmeter was used to determine 
intestinal! serosal and mesenteric blood flows in 130 patients 
who underwent abdominal aortic vascular procedures and in 14 
patients who underwent general surgical procedures. Temporary 
occlusion of the inferior mesenteric artery (IMA) during aortic 
surgery resulted in the absence or marked diminution of collat- 
eral blood flow over the left s de of the colon in eight patients. 
One patient had the flow im the IMA preserved by proper 
placement of an end-to-side aortofemoral Dacron prosthesis, 
whereas the other seven patients underwent replantation of the 
IMA into the Dacron prosthesis. All patients did well postopera- 
tively. in the 14 general surgical patients, intestinal viability and 
collateral mesenteric blood flows were determined, which 
demonstrated that the preserce of audible arterial blood flow 
correlated with ultimate bowe' viability. We recommend the use 
of the Doppler ultrasonic flowmeter in abdominal aortic reyascu- 
larization procedures to determine the need for IMA reconstruc- 
tion as well as in general surgical procedures where the surgeon 
desires a more objective assessment of intestinal viability. 

(Arch Surg 114:155-168, 1979) 
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jperative determination of intestinal viability after 
relief of strangulated obstruction or mesenteric 
vascular occlusion can be difficult in some cases. Use of 
clinical predictive criteria such as the color of the bowel and 
the presence or absence of mesenteric arterial pulsations 
and of intestinal peristalsis may lead to unnecessarily 
extensive resections, whereas more limited resections of 
questionably viable bowel may lead to anastomotie 
leakage, intestinal perforation, and other subsequent 
intra-abdominal complications. 

Several techniques have been recommended to assist the 
surgeon in making an objective assessment of intestinal 
viability. Moosa et al' and Zarins et al? have used *™Te- 
labeled albumin microspheres to predict the viability of 
intestinal loops in dogs and monkeys. Surface tempera- 
ture** as well as the results of electromyography and 
injection of vital dyes’ have been correlated with intestinal 
viability and neuromuscular function. Since the just- 
reported techniques reflected the adequacy of intestinal 
blood flew, we were stimulated to use the Doppler ultra- 
sonic flewmeter’? for the detection of mesenteric and 
serosal blood flows directly in a canine model. We then 
related the presence of blood flow to ultimate intestinal 
viability. In addition, we* have also reported the use of the 
Doppler technique in the determination of collateral 
mesenteric blood flow and the potential for left colonic 
ischemia during abdominal aortic reconstructive proce- 
dures. 





Fig 1.—Operative demonstration (left) and artist's conception (right) of use of Doppler ultrasonic flowmeter to 
detect arterial blood flow over left side of colon during temporary occlusion of inferior mesenteric artery. 
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This article describes our further clinical experience with 
the Doppler ultrasonic flowmeter during abdominal aortic 
vascular procedures as well as during a separate group of 
general surgical procedures. 


SUBJECTS AND METHODS 
Colonic Ischemia 


During the period from July 1976 to July 1978, 130 patients who 
underwent abdominal aortic vascular reconstructive procedures 
were studied. This series of patients included 110 male and 20 
female subjects, whose mean age was 64 years. Indications for 
operation were abdominal aortic aneurysms in 59 cases (45.4%) and 
aortoiliae occlusive disease in the other 71 cases (54.6%). During 
the operation, the gas-sterilized probe of a Doppler ultrasonic 
flowmeter was used to evaluate arterial blood flow in the inferior 
mesenteric artery (IMA), the large-bowel mesentery, and the 
serosal surface of the left colon. In patients with patent IMAs, the 
artery was temporarily occluded (Fig 1) and the evaluation of 
blood flow was repeated. When arterial blood flow remained 
unchanged over the base of the large-bowel mesentery and the 
serosal surface of the left side of the colon, collateral blood flow 
was considered adequate and the IMA was divided if necessitated 
by the operative procedure. If the arterial blood flow signal was 
greatly diminished or absent on temporary occlusion of the IMA, 
its patency was maintained by proper placement of the aortofem- 
oral bypass graft or by replantation of the IMA (Fig 2). 


General Surgical Procedures 


The Doppler ultrasonic flowmeter was used to assess intestinal 
viability and blood flow in the following group of 14 procedures: (1) 
seven colon esophageal bypasses; (2) two acute and one chronic 
superior mesenteric arterial occlusions; and (3) four strangulated 
small-bowel obstructions (localized intestinal ischemia). In each 
ease, a sterile Doppler probe was applied to the intestinal mesen- 
tery, the mesenteric border of the bowel, and the serosal surface of 
the bowel for detection of the blood flow. These data were used to 
guide the surgeon as to the viability of the bowel as well as to the 
determination of the limits of intestinal resection. 

In colon esophageal bypass procedures, use of the Doppler 
ultrasonic flowmeter (Fig 3), as initially reported from our 
institutions,’ was evaluated in four additional patients with 
obstructing esophageal disease who were treated during 1977. In 
three men, esophageal carcinomas were bypassed with colonic 
segments and in one patient, a 10-year-old boy, a colonic segment 
was used to reconstruct the esophagus following esophagectomy 
for lye burn. Superior mesenteric vascular occlusion occurred 
abruptly in two men. In both cases, arterial blood flow was 
assessed as a guide to the determination of the limits of resection. 
One patient underwent a second-look procedure to assess the 
viability of the proximal jejunum and the duodenum by clinical 
means and to determine the accuracy of the Doppler findings. 
Another man with chronic mesenteric vascular insufficiency 
underwent aortomesenteric bypass, after which intestinal blood 
flow was evaluated by Doppler ultrasound. Strangulated small- 
bowel obstructions that were caused by intra-abdominal adhesions 
were evaluated in four men. In each patient, the limits of 
intestinal resection were determined by the use of the Doppler 
ultrasonic flowmeter. 


RESULTS 
Colonic Ischemia 


At operation, the IMA was patent in 105/ 130 (81%) of the 
patients who underwent aortic reconstruction. In all 
patients with chronic occlusion of the IMA, collateral 
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Fig 2.—Rep anted inferior mesenteric artery (top) and postopera- 
tive arteriocram (bottom) to confirm patency. Arterial blood flow 
was absen on occlusion of inferior mesenteric artery and 
returned to 10rmal after reconstruction. Patient did well postoper- 
atively. 


arterial bleod flow could be detected over the distal large- 
bowel mesentery and mesenteric border of the left side of 
the colon. in 6/59 (10.2%) of the patients with abdominal 
aortic aneurysm, temporary occlusion of a patent IMA 
resulted in loss (four cases) or sharp diminution (two cases) 
of audible arterial blood flow over the left side of the colon. 
In these cases, the IMAs were replanted into the Dacron 
prostheses In 2/71 (2.8%) of the patients who underwent 
operation for aortoiliac occlusive disease, temporary occlu- 
sion of the IMA resulted in marked diminution of audible 
arterial bleod flow over the left side of the colon. In these 
two patients with aortofemoral bypass, the first patient’s 
graft was positioned by end-to-side anastomosis to main- 
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Fig 3.—Use of Doppler device during mobilization of colon, right or left side, and after 
retrosternal tunneling is recommended as outlined in this series of drawings. 


tain patency of the IMA. in the second patient, the IMA 
was replanted inte the Dacron prosthesis. In addition, two 
IMAs were replanted becaase of their relatively large size 
although no chamges were observed in collateral arterial 
blood flow along the left sice of the colon during temporary 
occlusion of the IMA. These data are summarized in Ta- 
ble 1. 

All patients did well poszoperatively without substantial 
postoperative diarrhea or evidence of rectal bleeding Two 
of the patients with replantation of the IMA underwent 
postoperative arteriography (Fig 2, bottom), which 
confirmed pateney of the IMA. Proctosigmoidoscopy was 
performed on six of the patients who underwent replanta- 
tion of the IMA and the results of these examinations were 
normal during the postoperative period. 


General Surgical Procedures 


All patients did well afzer colon esophageal bypass. The 
presence of audible arter.al blood flow as determined by 
the use of the Doppler device confirmed the clinical 
impression of ccloric viability during mobilization of the 
bowel and after retroszernal tunneling. No ischemic 
complications occurred pcstoperatively. Limits of intesti- 
nal resection were defined in the two patients with acute 
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mesenteric occlusions. One patient's condition improved 
after an original operation that included thrombectomy of 


the proximal superior mesenteric artery and aortomesen-  - 


teric bypass with saphenous vein. However, viability of the 
proximal jejunum and distal duodenum remained question- 
able on the basis of clinieal criteria. Presence of audible 
arterial blood flow. In the four patients with strangulated 
intestinal obstruction, segments of less than 100 cm of 
procedure 18 hours later. The second patient required 
massive small-bowel resection on the basis of clinically 
apparent intestinal infarction and the absence of audible 
arteria! blood flow. In the four patients with strangulated 
intestinal obstruction, segments of less than 100 cm of 
small bowel were resected in each patient. Clinical criteria 
adequately delineated the limits of resection. Anastomoses 
were placed several centimeters proximal and distal to the 
devitalized segments of bowel in areas where arterial blood 
flow was normal by the Doppler technique. All patients did 
well postoperatively without anastomotic complications. 


COMMENT 


The Doppler ultrasonic flowmeter is capable of detecting 
blood dow in small peripheral arteries and has been in 
commen clinical usage for measurement of segmental limb 
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Colonic Ischemia During Aortic Surgery 


No. (%) i 
With No. (%) With 

Absent Diminished With 
Colonic Colonic Replanted 

Blood Flow Blood Flow IMAs 


No. (%) 


No. (%) of 
Patients 

Aortoiliac 

occlusive 

disease — 71 (54.6) 0 (0) 
Abdominal 

aortic 

aneu- 

rysm 59 (45.4) 


130 (100) 


2 (2.8) 2* (2.8) 


4 (6.8) 
4 (3.1) 


2 (3.4) 
4 (3.1) 


6 (10.2);27 
10 (7.7) 
*Patency of inferior mesenteric artery (IMA) was maintained by end- 
to-side anastomosis of the bypass graft above the orifice of the IMA in one 
case. 


1Two arteries were replanted due to the size of the IMAs (no change in 
collateral blood flow). 


pressures.* Other investigators^* have also reported its use 
in the detection of mesenteric and serosal blood flows in 
canine small bowel, with an important correlation between 
the presence of flow and intestinal viability. Its use in the 
determination of collateral mesenterie blood flow is also 
related to the question of intestinal ischemia. The presence 
of arterial blood flow as determined by the Doppler 
technique along the left side of the colon confirms presence 
of collateral mesenteric flow, while absence of flow during 
temporary occlusion of the IMA (Fig 1) suggests the 
potential for left colonic ischemia. Left colonic ischemia is 
a complieation of abdominal aortic surgery, which can be 
caused by an inferior mesenteric arterial ligation that is 
performed in the presence of inadequate collateral blood 
flow.’® No readily applicable and reliable operative test was 
available for recognition of this complication until our? 
initial report on use of the Doppler ultrasonic flowmeter. 
Data from this preliminary report of 25 cases has been 
confirmed by the current series of 130 cases. Replantation 
of the IMA was performed on the basis of blood flow 
determination in approximately 896 of the 155 cases stud- 
ied, which is consistent with the 10% incidence for all 
ischemic complications reported by Smith and Szilagyi." 
No ischemic complications occurred in this series of cases, 
demonstrating that the presence of arterial blood flow as 
determined by the Doppler technique reliably predicts 
viability. Although we have not tested this hypothesis 
prospectively, we recommend use of the Doppler ultrasonic 
flowmeter for selection of patients who require IMA 
replantation, with the recognition that ischemic colitis may 
not have actually developed in some of these patients. 
Ernst and associates" have recently reported that 
measurement of inferior mesenteric arterial stump pres- 
sure may be another useful technique for operative iden- 
tification of left colonic ischemia. Although transmural 
infaretion that required reoperation was not observed, 
apparent mucosal infarction in which pressure measure- 
ments were considered inadequate developed in one 
patient. Routine measurement of this pressure may 
provide additional accurate information for the operative 
selection of patients for IMA replantation. 

Suggested clinical applications for the Doppler ultra- 
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sonic flowmeter in vascular and general surgical proce- 
dures are outlined as follows: (1) operative determination 
of colonie ischemia during aortic reconstructive vascular 
procedures, (2) confirmation of adequacy of colonic blood 
supply ir eolon bypass procedures, (3) determination of 
limits of 7esection in acute mesenteric arterial occlusion or 
strangulated bowel obstruction, and (4) confirmation of 
adequacy of collateral circulation after mesenteric revascu- 
larization procedures. 

Its use during colon esophageal bypass procedures was 
further ccnfirmed in this report. Determination of colonic 
blood flow during mobilization of the colon as well as after 
retrosterral tunneling has proved to be a useful adjunctive 
technique which has helped to limit ischemic complica- 
tions. Use of the Doppler ultrasonic flowmeter to deter- 
mine limics of intestinal resection in strangulated bowel 
obstruction or mesenteric vascular occlusion is a direct 
application of the experimental work in the dog.’ We 
recommend resection of all clinically apparent nonviable 
bowel; however, in cases where intestinal viability is 
questionable, assessment of bowel viability by use of the 
Doppler wtrasonic flowmeter appears to be an aecurate 
and useful technique. Results of the Doppler assessment of 
a patient with acute mesenteric occlusion were confirmed 
at a second-look procedure. In addition, placement of 
intestinal anastomoses in areas of the bowel where normal 
blood flow has been demonstrated by the Doppler tech- 
nique may reduce anastomotic complications, as recently 
reported by Cooperman and associates.* 

Assessment of intestinal viability and collateral mesen- 
teric blood flow by the Doppler technique appears to be a 
valuable surgical adjunct. The success of its application in a 
variety of general and vascular surgical procedures has 
been descr bed. 
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Diagnosis and Surgical Treatment of 
Colonic Endometriosis 


William C. Meyers, MD; Freder ck M. Kelvin, MD; R. Scott Jones, MD 


® Endometriosis is sufficient y common that it should always 
be considered in the differential diagnosis of colon lesions of 
women of childbearing age. Seven selected cases illustrate 
problems in diagnosis and management of endometriosis of the 
colon. Characteristic of colon endometriosis are large bowel 
symptoms frequently associated with gynecologic complaints, 
usual sigmoid and rectosigmoid location, extramucosal radio- 
logic appearance, and difficult diagnosis by endoscopic biopsy. 
Suspicion of malignancy and presence of a symptomatic colon 
lesion are ndications fcr bowe! resection, which is an effective 
form of therapy. 

(Arch Surg 114:169-175, 1979) 


Ithougn benign and maliznant neoplasm or inflamma- 
tory bowel disease are more common colon abnormal- 
ities, endometriosis may occasionally be a consideration in 
the differential diagnosis of esions of the colon in women. 
Despite this observation, many publications on colon 
diseases do not mention the diagnosis and management of 
endometr osis of the bowel. While there may be controver- 
sy regard ng the management of endometriosis, there are 
clear indications for bowel resection in the management of 
colonic endometriosis. 

The Aastrian pathologist von Rokitansky in 1860! 
provided the first description of pelvic endometriosis 
involving the uterus, tubes, end ovaries, but not the bowel. 
Mackenrodt in 1909 probably performed the first resection 
for obstructing sigmoid endometriosis, described as "an 
extensive. benign pro.iferation of intestinal epithelium up 
to the roct of the mesocolor.'"* Photomicrographs in that 
report are characteristic of endometriosis. Lockyer,’ Cul- 
len, and Sampson ^ all made early contributions to the 
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understanding of the pathophysiology and distribution of 
pelvie endometriosis. Over the past 40 years, it has become 
elear that 8% to 15% of menstruating women have endo- 
metriosis* and 395" to 34%" of these have bowel involve- 
ment. This report describes seven particularly instructive 
eases of colonie endometriosis to illustrate some points of 
diagnosis and management of the disease. 


REPORT OF CASES 


Case 1.—This 44-year-old woman was referred to Duke Univer- 
sity Medical Center in February 1977 (Table 1). She had undergone 
an abdominal hysterectomy and unilateral oophorectomy for 
severe dysmenorrhea two years prior to admission and her uterus, 
tubes, and ovary were normal histologically. After surgery, cram- 
py abdominal pain, intermittent constipation and diarrhea, small- 
ealibre stools, periodic vaginal bleeding, and occasional rectal 
bleeding developed. She was admitted to her local hospital and 
barium enema examination showed a lesion involving the sigmoid 
eolon. Exploratory celiotomy revealed a large “inflammatory mass 
of the sigmoid colon intimately involved with the left ureter,” and 
no further surgery was performed. The following day, the patient 
was referred to Duke Hospital. Physical examination, proctoscopy, 
repeat barium enema, and intravenous pyelogram (IVP) revealed 
no diagnosis. The patient was discharged and allowed to recuper- 
ate for six weeks, when she returned with worsening pain. Repeat 
barium enema examination showed a mass compressing the 
sigmoid coion (Fig 1). The study was unchanged from the previous 
examination. After suitable bowel preparation, her abdomen was 
reexplored and the involved colon and remaining ovary removed. 
A cavity in the pelvis was drained of dark liquid, the reetal stump 
was closed, and a colostomy was performed. Both anaerobic and 
aerobic cultures grew no organisms. Permanent pathologic 
sections revealed endometriosis. The patient did well postopera- 
tively, returned three months later for closure of her colostomy, 
and has had no subsequent bowel symptoms. 


With preoperative suspicion of endometriosis, a frozen 
section examination would have revealed the diagnosis, 
permitting resection and primary anastomosis. 


Case 2.—For two years, this 3l-year-old woman had urinary 
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Table 1.—Pertinent Clinical and Labcratory Data 


Patient/ Associated 
Present Age, Bowel Gynecologic 
yr Symptoms Symptoms 








Intermittent pain, constipa- 
tion, small-calibre stools, 
hematochezia 

Episodes of pain, constipa- 
tion, diarrhea with men- 
strual periods, hemato- 
chezia 

Episodic abdominal pain, Menometrorrhag- 
diarrhea, tenesmus, ia, 
small-calibre stools, he- dyspareunia 
matochezia 


Episodes of bloody diar- 
rhea, pain, hematochezia 


Vaginal 
bleeding 


Dyspareunia 


Dysmenorrhea, 
dyspareunia 


Episodic pain, constipa- 
tion, and pressure sen- 
sation 

Episodic mucoid, bloody 
stools, abdominal pain, 
tenesmus 


Hematochezia, pain 


Previous 
Gynecologic or 
Obstetric 
Surgery 


Hysterectomy and uni- 


lateral oophorectomy 
for dysmenorrhea 


Hysterectomy, ocphor- 


ectomy for encome- 
triosis 


Cesarean sectior for 


placenta previe, dila- 
tion and curettage for 
menometrorrhagia 


Hysterectomy, urilater- 


al salpingo-oophorec- 
tomy for endonetrio- 


Endoscopy 
Proctoscopy 


Proctoscopy 


Colonoscopy 


Colonoscopy 


Proctoscopy 


Colonoscopy 


Proctoscopy 


Operative 
Procedure 
Resection and co- 

lostomy 


Interval 
6 mo 


Resection 


Resection, hyster- 2/5 yr 
ectomy, and bilat- 
eral salpingo-oo- 
phorectomy 

Resection and left 


oophorectomy 


7 yr 


Resection, hyster- 
ectomy, and bilat- 
eral salpingo- 
oophorectomy 

Resection, right sal- 
pingo-oophorec- 
tomy 


4 yr 


9 mo 


Follow-up 


SIS 





frequency and dysuria. She was otherwise in good health, except 
for three visits to the emergency room in four months because of 
episodes of crampy left lower quadrant abdominal pain with 
constipation and diarrhea, occurring about the time of her 
menstrual periods. A large pelvic mass was found on physical 
examinatien, which was otherwise normal. Evaluation included 
IVP and abdominal ultrasonic examination that showed a large, 
solid pelvic mass causing left ureteral obstruction. Large left and 
right adnexal endometrial masses markedly adherent to the 
sigmoid co-on were found and excised at time of hysterectomy and 
bilateral salpingo-oophorectomy. The patient did well postopera- 
tively and was treated with conjugated estrogens. During a return 
visit, she complained of similar erampy abdominal pain associated 
with hematochezia and severe dyspareunia. Rectovaginal exami- 
nation revealed a 2 x 3 cm firm, nodule in the posterior cul-de-sac. 
Barium en2ma examination showed a filling defect in the anterior 
wall of th» rectosigmoid (Fig 2) There was a "golfball" sized 
extramucosal mass at 13 em on proctoscopy. The patient was given 
a course of medroxyprogesterone acetate, which was not success- 
ful in reducing the size of the colonie lesion, nor alleviating 
symptoms She is presently being followed up in the clinic. 


Appropriate evaluation of the patient's bowel complaints 
before gynecologic surgery would have revealed endome- 
triosis of the colon, which eould have been resected at the 
time of hysterectomy. 


Case 3.—This 36-year-old gravida 2, para 1, abortus 0, woman 
was admitted to the hospital in January 1976 with a 12-month 
history of abdominal pain and menometrorrhagia. The pain was 
crampy, sometimes associated with menstrual periods, and usually 
accompanied by loose stools. Pelvic examination revealed a thick- 
ened, nodular cul-de-sac and “a bead” on the right uterosacral 





Fig 1.—Case 1. Barium enema examination shows extrinsic 
impression with irregular border along superior margin of sigmoid 
colon (arrows). Two diverticula are seen more distally. These 
findings were considered to most likely represent diverticulitis. 
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Fig 2.—Case 2. Rectosigmoid during barium enema showing 4 cm 
submucosal filling defect in anterior wall of rectosigmoid junction 
(arrows). 


ligament. Barium enema examination demonstrated extramucosal 
filling defects in the sigmoid, cescending, and transverse colons 
consistent with endometrial implants (Fig 3, top left). Colonoscopy 
was attemoted, but the scope could not be advanced proximal to 20 
em because of severe terderness. At surgery, pelvie endometriosis 
was found, and hysterectomy, bilateral salpingo-oophorectomy, 
and excisien of all gross implarts were performed, but the bowel 
was not resected. For the five months following discharge, the 
patient hed severe, crampy abdominal pain, tenesmus, small- 
calibre stools, occasional bloody stools, and dyspareunia. A pseudo- 
pregnancy regimen of exogenous hormone administration failed 
to help. Barium enema examinazion in May 1976 showed no change 
in size of tne lesions (Fig 3, bottom left). In June, she underwent a 
left-sided eolectomy tə include zn endometrioma of the transverse 
colon. Pathology revealed threc 2 x 3 em ulcerated lesions inter- 
preted as ' effectively treated endometriosis." The patient has had 
no further problems related to endometriosis. 


This ease and the previous case suggest that symptomat- 
ic endometriosis of the colon should be removed surgically. 
Endocrine therapy does nct seem to be effective treat- 
ment. 


CASE 4.— This 29-year-old gravida 2, para 2, abortus 0 woman was 
admitted 1o the hospital in August 1975 with a four-year history of 


bloody diarrhea. The patient related 24-hour episodes of crampy, - 


left lower quadrant abdominal pain, followed by painful hemato- 
chezia. Ske also had dysmenorrhea and dyspareunia. Physical 
examination was normal, except for mild adnexal tenderness. 
Barium emema examination revealed a 3-em filling defect in the 
sigmoid eclon (Fig 4). On colonoscopy, there was an extrinsic lesion 
at 30 em -hat discolored but dd not seem to invade the mucosa. 
The patient's bowel was prepared and she underwent a low 
anterior wmesection. Frozen section of the colonic lesion showed 
endometr osis, despite absence of other pelvic implants. Hysterec- 
tomy and bilateral salpingo-ocphorectomy were also performed. 
She did well postoperatively, was placed on a regimen of conju- 
gated estrogens, anc to this daze, has had no further problems. No 
other foet s of endometriosis was in the specimen. 
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Hysterectomy and bilateral salpingo-oophorectomy are 


not indicated for treatment of endometriosis of the colon, - 


particularly in the absence of other pelvic implants in a 
premenopausal woman. The hysterectomy was performed 
in this case for severe dysmenorrhea and for sterilization. 
It is not known whether conjugated estrogens will prevent 
recurrence of endometriosis of the colon. 


Case 5.—This 47-year-old woman was admitted to the hospital in 
May 1969 with episodes of painful constipation and diarrhea of one 
year’s duration. A year earlier, she had undergone a hysterectomy 
for pelvic endometriosis. A portion of one ovary was not removed. 
Her bowel symptoms began shortly after surgery and seemed to 
recur every three weeks, lasting about a week. She also complained 
of continual “pressure sensation” in the left lower quadrant. 
Physical examination was normal. A proctoscope could not be 
advanced past an area of "stenosis" at 14 em. Barium enema 
examinatien revealed an obstructing lesion of the sigmoid colon. 
Sigmoid colectomy and left oophorectomy were performed. 
Pathology showed endometriosis of the colon and ovary. The 
patient has remained asymptomatic. Barium enema examination 
in November 1976 was normal. 


This patient represents a rather typical case of endome- 
triosis of the colon. She has had a seven-year radiologic 
follow-up. 


Cask 6.—This 33-year-old woman was admitted to the hospital in 
July 1972 with a five-year history of “ulcerative colitis,” character- 
ized by episodic mucosal and sometimes bloody diarrhea, crampy 
abdominal pain, and tenesmus. Obstetric and gynecologic history 
was remarkable for two cesarean sections, the first for placenta 
previa, and a dilation and curettage in 1971 for menometrorrha- 
gia. Physical examination was normal, except for guaiac positive 
stool and “beading of the uterosacral ligaments.” Barium enema 
examination demonstrated a short stricture of the sigmoid colon, 
without evidence of mucosal destruction (Fig 5). An extramucosal 
mass was seen protruding at 30 em on colonoscopy. An intramural 
sigmoid endometrioma and other pelvic implants were found at 
celiotomy, the involved bowel was resected following frozen 
section, and a hysterectomy and bilateral salpingo-oophorectomy 
were performed. The patient did well until the summer of 1976, 
when she returned complaining of loose stools. A large, adenoma- 
tous polyp was found and removed during colonoscopy. 


This case represents a problem of diagnosis. The patient 
was followed up for five years with the diagnosis of 
inflammatory bowel disease. 


Case 7.—This 40-year-old woman was hospitalized in April 1976 
with a two-year history of passing bright red blood per rectum at 
monthly intervals. She had undergone an abdominal hysterectomy 
with left salpingo-oophorectomy for endometriosis three years 
earlier at another hospital. She also complained of vague, chronic 
right lower quadrant abdominal pain. Physical examination was 
normal, including no significant masses or tenderness. Colonic 
endometriosis was suspected. A sigmoidoscope could not be 
advanced past 17 em because of exquisite tenderness. Barium 
enema examination showed a polyp (Fig 6) at the rectosigmoid 
junction. At colonoscopy, a lesion was well visualized at 20 em and 
numerous biopsy specimens yielded normal colon mucosa. The 
patient was discharged, placed on a regimen of hormonal therapy, 
but continued with the same complaints. In September, she 
underwent celiotomy. The lesion, on a 4- to 5-mm stalk, was 
removed. Right salpingo-oophorectomy was also performed. Path- 
ologic diagnosis was endometrial polyp. The patient was 
discharged and was doing well when last seen in February 1977. 
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Fig 3.—Case 3. Top left, Barium enema examination demonstrates 
extrinsic filling defects in sigmoid and descending colon (arrows) 
and distal transverse colon. Bottom left, Reexamination five 
months later showing size of lesions to be essentially unchanged 
(arrows). Bottom right, Pathologic specimen. 
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Fig 4.—Case 4. Barium enema examination of sigmoid colon with 
slightly irregular extramucosa! filling defect on inferior border of 
sigmoid colon. 


Fig 5.—Case 6. View of sigmoid colon to show short irregular 
stricture-in its midpart. 


Endoscopic diagnosis of endometriosis was not possible 
in this patient, as is typical of endometriosis of the large 
intestine. 


COMMENT 


The age of onset of bowel Symptoms in these patients 
varied between 25 and 46 years. Symptoms were mani- 
fested in four patients prior to any gynecologic surgery, in 
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Fig 6.—Case 7. intraluminal polyp projecting from anterior wall of 
rectosigmoid junction on double contrast barium enema. 





Table 2.—Barium Enema Findings 


Mucosal 
Filling Stric- Mucosal  Irregu- 
Patient Defect ture Location Invasion larity 


—  Sigmoid colon -— t 
Ea 


1 + 
2 + Rectosigmoid co- 
lon din 
c 


3 —  Sigmoid, de- 
scending, trans- 
verse colons = M 














4 + — . Sigmoid colon 

5 - — . Sigmoid colon — + 
6 E + X Sigmoid colon — + 
7 E = Rectosigmoid co- 






lon 






two patients after hysterectomy and unilateral oophorecto- 
my, and in one patient after dilation and curettage. 
Previous reports indicate that the vast majority of patients 
with endometriosis are premenopausal, although patients 
as old as 76 have been reported"? with severe involvement 
of the bowel. 


Diagnosis 


Crampy lower abdominal pain was the most common 
symptom of endometriosis severely involving the bowel. 
Six of our seven patients were referred to the general 
surgery service because of pain. The other patient had 
long-term right lower quadrant abdominal pain, but her 
primary complaint was of episodic bloody stools. Intermit- 
tent constipation and diarrhea, small-calibre stools, abdom- 
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i Table 3.—Pathologic Findings 


Presence of Bowel 
i Location of Extracolonic Colonic Lesion(s) Bowel Mucosal Serosal 
Patient Endometrioma Endometriosis Excised Involvement Involvement 


1 Sigmoid colon + + em a 


ES 2 Rectosigmoid colon 


3 Sigmoid, descending, transverse colons * — 


+|+ 


+ A S M 


E 
E- 
Ei 
E 
p 
E 





4 Sigmoid colon 
5 Sigmoid colon 
6 Sigmoid colon 
7 Rectosigmoid colon 


+|+|+|1 





inal distention, and tenesmus are also common complaints. 
Six of our seven patients had a history of bloody stools, 
although according to some previous reports, ^" rectal 
bleeding is an uncommon symptom. Henriksen" reported 
rectal bleeding in 19 of 21 patients with colonic endome- 
triosis. ' 

There were cyclic bowel symptoms in all seven patients; 
the symptoms occurred at regular, usually monthly, inter- 
vals. Only one patient's symptoms were definitely tempor- 
ily related to her menstrual periods. Any premenopausal 
woman with episodie bowel symptoms associated with 
gynecologic complaints such as dyspareunia, dysmenor- 
rhea, menorrhagia, or metrorrhagia should be suspected of 
having endometriosis of the colon. Physical examination is 
helpful to diagnose coexistent urogenital endometriosis by 


‘palpation of typical tender nodules on pelvie examina- 


tion. 
Endoscopy 


Patients 3, 4, 6, and 7 were examined with a flexible 
fiberoptic colonoscope, and patients 1, 2, and 5, with the 
standard rigid proctoscope. Evidence of a partially 
obstructing extramucosal mass was visualized in patients 
2,4, 5, 6, and 7. Extreme tenderness in the region of the 
lesion was encountered in patients 3 and 7. In no case did 
endoscopic biopsy prove the diagnosis of endometriosis. 
We could not find a case report in the literature of 
endometriosis of the colon or rectum diagnosed by endo- 
scopic biopsy, although endometrial glands may sometimes 
be seen microscopically in bowel mucosa." 


Roentgenology 


= The roentgenologie findings on barium enema are 
summarized in Table 2. The location of the lesions, sigmoid 
colon in five patients and anterior wall of the rectosigmoid 
colon in two, reflects the distribution of endometriomas 
reported by others. Patient 3 had lesions in the sigmoid, 
descending, and transverse colons. Endometriosis is seen 
less frequently in the cecum and right side of the colon. 
Filling defects were present in six of the seven patients 
and a sigmoid stricture was noted in one patient. The 
barium enema examination of patient 7 showed an intra- 
luminal polypoid lesion at the rectosigmoid junction (Fig 
6). Radiologic evidence of obstruction, ie, delay in passage 
of barium past the lesion, was demonstrated in only one 
case, although six of the seven patients had crampy 
abdominal pain. Complete colonic obstruction from endo- 
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metriosis is rare. Mucosal destruction was not evident in 
any of the barium enema examinations, but in five of the 
patients, there was irregularity in the outline of at least 
part of the lesion as in an inflammatory process (Fig 1). 
The barium enema examination of patient 1 (Fig 1) showed 
several diverticula adjacent to the lesion, which led to an 
erroneous radiologic diagnosis of diverticulitis. A striking 
feature in the barium enema examination of patient 3 (Fig 
3) was the asymmetric constriction of the antimesenteric 
margin of the transverse colon, produced by the intense 
fibrosis that sometimes accompanies endometrial im- 
plants. 

The differential diagnosis of a filling defect or stricture 
in the sigmoid colon includes primary carcinoma, metastat- 
ic implant, pelvic abscess, diverticulitis, inflammatory 
bowel disease, ischemic stricture, amebiasis, radiation 
colitis, and benign polyps. Demonstration that the lesion is 
extramucosal should raise the possibility of endometriosis 
in a woman of childbearing age who has had chronic 
menstrual dysfunction. The double-contrast technique is 
useful in Gemonstrating the absence of mucosal involve- 
ment. Ultrasonic examination of the pelvis determined the 
precise location and consistency, ie, solid or cystic, of the 
palpable endometrial mass of patient 2. 


Pathologic Findings 


Colonic endometriomas were excised from six of the 
seven patients (Table 3). The location of the masses 
correlated well with barium enema examination findings. 
A single colonie tumor was found in six of the seven 
patients. Patient 3 had multiple colonie lesions correspond- 
ing to the filling defects on barium enema examination. 
Six of the patients had extracolonie endometriosis, and 
patient 4 had no evidence of other endometriosal involve- 
ment at surzery or in the pathologic specimen. 

Gross anc microscopic inspection of the involved colon 
revealed absence of mucosal invasion in five of six 
patients. In all six specimens, the mucosa was closely 
adherent to the submucosa. Gross mucosal ulceration was 
evident in the lesions of patient 3 (Fig 3, bottom left and 
right), who had undergone vigorous attempts of hormonal 
treatment of the lesions. In none of the seven cases was the 
serosa of the bowel involved, which made colotomy neces- 
sary for diagnosis of these lesions. When asymptomatic 
colonic lesions are found during gynecologic surgery, sero- 
sal involvement seems to be frequent. Concentric narrow- 
ing of the lumen of the colon, produeing a "napkin ring" 
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effect similar to carcinoma, has been reported,^ but was 
not present in any of our cases. Frozen section accurately 
diagnosed endometriosis of the colon in four patients. 
Rectal lesions suspected to be carcinoma should be diag- 
nosed pathologieally before abdominoperineal resections 
are performed. Unfortunately, abdominoperineal resection 
for undiagnosed endometriosis has been reported." 


. Treatment 


Although surgical castration, various hormone regi- 
mens,'*-^* and radiation” have been advocated for treat- 
ment of colonie or generalized endometriosis, we believe 
that excision of the involved colon should generally be 
performed for the following reasons: There is no radiologic 

finding specific for endemetriosis. Results of barium 
enema examinations of patients 4 and 5 strongly mimicked 
carcmoma; the result of barium enema examination of 
patient 1 closely resembled diverticulitis. Tissue for accu- 
rate diagnosis was not obtainable without surgery in any 
of these seven patients. 

The colon had to be opened in order to make a diagnosis 
in all seven patients. This is not always the case when 
colonie endometriosis is eoincidentally found at gyneco- 
logie surgery. Then, superficial excision is frequently 
possible* because of the lesions’ serosal locations. 

Bowel resecticn, or colotomy and excisional biopsy as 
favored by Gray," is an effective mode of therapy for 
symptomatic colonic lesiens. All six patients who have 
undergone resections are without clinical or radiologic 
evidence of recurrence at six months to seven years of 
follow-up. Previous reporzs indicate that many surgeons 
prefer resection of involved bowel as the treatment of 
endometriosis with intestinal involvement. Patient 3 was 
treated with surgical castration, and later, with exogenous 
hormone administration, which apparently eradicated all 
endometrial tissue in her colon, but did not help her 
symptoms or the radiologi? appearance of the lesions. This 
case suggested that endocrine therapy alone may not 
relieve the intestinal symptoms and indicated that resec- 
tion of involved bowel sheuld be carried out. 
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J. Bloem, MD, Division of Orthopedic Surgery, Duke University Medical 
Center, assisted in the German translations. 
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Tablets 
Percodan (t 


DESCRIPTION Each yellow, scored tablet contains 
4.50 mg. oxycodone HCI (WARNING: May be habit 
forming), 0.38 mg. oxycodone terephthalate (WARN- 
ING: May be habit forming), 224 mg. aspirin, 160 mg. 
phenacetin, and 32 mg. caffeine. 


INDICATIONS For the relief of moderate to moderately 
severe pain. 


CONTRAINDICATIONS Hypersensitivity to oxyco- 
done, aspirin, phenacetin or caffeine. 


WARNINGS Drug Dependence Oxycodone can pro- 
duce drug dependence of the morphine type and, 
therefore, has the potential for being abused. Psychic 
dependence, physical dependence and tolerance may 
develop upon repeated administration of 
PERCODAN®, and it should be prescribed and admin- 
istered with the same degree of caution appropriate to 
the use of other oral narcotic-containing medications. 
Like other narcotic-containing medications, 
PERCODAN® is subject to the Federal Controlled Sub- 
stances Act. 


Usage in ambulatory patients Oxycodone may 
impair the mental and/or physical abilities required for 
the performance of potentially hazardous tasks such 
as driving a car or operating machinery. The patient 
using PERCODAN® should be cautioned accordingly. 


Interaction with other central nervous system 
depressants Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS depres- 
sants (including alcohol) concomitantly with 
PERCODAN* may exhibit an additive CNS depres- 
sion. When such combined therapy is contemplated, 
the dose of one or both agents should be reduced. 


Usage in pregnancy Safe use in pregnancy has not 
been established relative to possible adverse effects 
on fetal development. Therefore, PERCODAN * should 
not be used in pregnant women unless, in the judg- 
ment of the physician, the potential benefits outweigh 
the possible hazards. 


a quick reference Usage in children PERCODAN® should not be 


administered to children. 


, bd Salicylates should be used with caution in the pre- 
to the AMA S large collection sence of peptic ulcer or coagulation abnormalities. 
PRECAUTIONS Head injury and increased intra- 
— 2 cranial pressure The respiratory depressant effects of 
O me ica 1 ms narcotics and their capacity to elevate cerebrospinal 
fluid pressure may be markedly exaggerated in the 
presence of head injury, other intracranial lesions or a 
` pre-existing increase in intracranial pressure. Further- 
more, narcotics produce adverse reactions which may 
and its yours free ae eal the clinical course of patients with head 
a . . * è 
Acute abdominal conditions The administration of 
with the coupon below PERCODAN® or other narcotics may obscure the 
diagnosis or clinical course in patients with acute ab- 
dominal conditions. 
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: i; i . . Special risk patients PERCODAN™ should be gi 
You'll find nearly 100 pages of on loan basis for a slight service Seral ton to certain patients such as the elderly or 
: : : : debilitated, and those with severe impairment of hepat- 
medical motion picture titles and charge. ic or renal function, hypothyroidism, Addison's disease, 
H H : i N an prostatic, ypertrophy or urethral stricture. 
descriptions n this new catalog Phenacetin has been reported to damage the kidneys 
well over 300 titles and many of when taken in excessive amounts for a long time. 


observed adverse reactions include light-headedness, 
dizziness, sedation, nausea and vomiting. These 
effects seem to be more prominent in ambulatory than 
in nonambulatory patients, and some of these adverse 
reactions may be alleviated if the patient lies down. 

Other adverse reactions include euphoria, dysphoria, 
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Whatis causing pain? How is it perceived by 
you and your patient? 


Select a readily-absorbed oral agent that 
usually acts within 15 to 30 minutes. 
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patients. 
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telephone Rx. Patients with persistent pain 
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needs. 
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PERCODAN* relief can last up to six hours- 
until time for next tablet. 
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Liver Resection for Hepatic Adenoma 


Richard Weil III, MD; Lawrence J. Koep, MD; Thomas E. Starzl, MD 


e Between 1970 and 1978, eight hepatic adenomas were 
resected. Four of the eight patients took oral contraceptive pills 
before the hepatic adenoma was identified; one patient was 
male. Four patients had evidence of bleeding at the time of 
presentation. The original histologic diagnosis in the first five 
patients was malignant hepatoma. There has been no known 
recurrence of tumor and all patients are well. The use of oral 
contraceptives in these patients has been prohibited. Formal 
anatomic resection is recommended for hepatic adenoma when 
this procedure can be done without mortality or serious morbid- 
ity; however, in the future, less drastic treatments, such as 
occlusion of the hepatic arterial circulation to the tumor or 
discontinuation of oral contraceptives, may prove as effective as 
tumor resection. 

(Arch Surg 114:178-180, 1979) 


Ty the eight-year period 1970 to 1978, eight patients 
with hepatie adenoma have been treated on the 
surgical service of the University of Colorado Medical 
Center, Denver. They are the subject of this report. 


SUBJECTS AND METHODS 


Seven of the eight patients who were treated for hepatic 
adenomas between 1970 and June 1978 were female, and one was 
male (Table). Their ages at the time of operation ranged from 16 
to 30 years. Six had fever as one of the presenting symptoms, six 
had abdominal pain, and three had palpable upper abdominal 
masses. One patient (case 6) was found to have gallstones and 
underwent her first operation elsewhere for presumed subacute 
cholecystitis; four additional patients (cases 3, 4, 5, and 8) under- 
went diagnostic laparotomies at other hospitals before the hepatic 
tumor was discovered. In two patients (cases 4 and 8), there was 
bleeding into the tumor preoperatively, with associated anemia; in 
two patients (cases 1 and 2), there was intraperitoneal hemorrhage 
and hypovolemie shock. Two patients had protracted diarrhea 
(cases 1 and 5) that was thought due to amebic colitis in one 
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patient, waose home was in Mexico. 

A history of oral contraceptive use prior to operation was 
elicited in “our of the seven female patients, for durations of a few 
months to 2ight years. As far as we know, the single male patient 
had never zaken androgens of any kind. 

Radionu-lide hepatography and hepatic angiography were done 
in some of che patients prior to transfer to Denver. In one patient 
(case 5) whose angiography was done in Denver, the findings were 
considered most consistent with malignant hepatoma. 

In all pacients, the tumor was single, rather than multicentric 
grossly ani the tumor in all cases was greater than 10 cm in 
diameter. All eight patients were treated by formal hepatic 
resection: r ght hepatic lobectomy in four cases, trisegmentectomy 
(extended ~ight lobectomy) in three, and left lobectomy in one. 


RESULTS 


In the first two patients, subphrenic abscesses developed 
following operation; there have been no postoperative 
complications in the six patients operated on during the 
last seven years. The initial histologic interpretation of the 
resected tamors was malignant hepatoma in the first five 
cases. The first two patients were each given fluorouracil 
chemotherapy for approximately three years following 
operation. In 1974, the first five cases were reviewed and in 
all cases, the revised diagnosis was hepatic adenoma. The 
initial histologic diagnosis in the last three Denver cases 
was hepat c adenoma. 

None of the patients have taken oral contraceptive pills 
since operation. None are known to have recurrent tumor 
and all are well one-half to eight years after resection of 
their tuma’s. 


COMMENT 


In a recent review of solid liver tumors,' 323 of the 621 
collected cases were primary liver tumors and 111 (84%) 
were benign; the records were reviewed from 127 patients 
at least 16 years of age who had undergone resections of 
primary li-er tumors in 49 hospitals. Histologic review of 
119 of these 127 patients resulted in reclassifying nine 
cases orig nally called malignant hepatoma as hepatic 
adenoma. The authors of this review commented that in no 
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: Initial 
Symptoms and Signs 


Fever, vomiting, jaundice, diarrhea, 
anemia, shock 


Acute abdomen, anemia, shock 
Fever, epigastric pain 


Fever, right upper quadrant pain, 
mass, anemia 


Fever, right upper quadrant mass, 
diarrhea 


Fever, right upper quadrant pain, 
gallstones 


Fever, right upper quadrant pain 
Right upper quadrant mass, anemia 


area cf liver tumors is there more controversy concerning 
classification them in the area of benign liver tumors. 
Although Edmondson,? Ishak and Rabin,’ and Kay and 
Schatzhi* have described the histology and ultrastructural 
characteristics of the hepatic adenoma, and although in 
fact kdmondson’s 1958 classification? is still very satisfac- 
tory, there has been chronic misunderstanding of this 
matemal and cerresponding difficulty with nomencla- 
ture.” The initial misdiagnosis of our first five cases as 
malignant hepatomas, rather than hepatic adenomas, is 
clearly not unique. 


Although the hepatic adenoma was observed prior to the - 


introduetion of aral contraceptives in 1960, the apparent 
increase in recognition of this tumor in recent years has 
suggested that oral contraceptives may have a part in the 
natural history of the hepatic adenoma. In 1973, Baum et 
al* suggested that the development of benign liver tumors 
might be caused by the use of oral contraceptive pills and 
since then, there have been many reports concerning a 
possible relationship between oral contraceptives and 
hepatic adenoma,"* focal nodular hyperplasia, +» and 
malignant hepatoma.** On the other hand, Guzman et al» 
have pointed out that the association described by Baum 
and co-workers is not found in all series of cases; in fact, 
only taree of ten patients of Guzman et al having hepatic 
adenomas had taken oral contraceptives before the devel- 
opment of their tumors. Four of our eight patients had a 
negat ve “pill” history. On the other hand, the reports of 
tumor regression following discontinuation of oral contra- 
ceptiwes'^*^' and tumor recurrence in two patients who 
continued oral contraceptives after apparently complete 
resections of the primary tumors" would argue for a 
promoting role of oral contraceptives. Edmondson et al"? 
have suggested estrogens, particularly mestranol, rather 
than progesterones as the major tumor promoter, but this 
concept remains cortroversial. 

Four of the eight Denver patients had fever and upper 
abdominal pain as the main presenting symptoms. One of 
our patients had gallstones (ease 6) and was initially 
operated at another hospital for that problem, but none of 
the otner seven patients were originally thought to have 
cholecystitis, although cholecystitis was part of the differ- 
ential diagnosis ir the early phases of evaluating most of 
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Original 
Histologic 
Diagnosis 


Hepatoma 


Oral Contraceptive 
History 
Preoperatively 


1964 to 1970 


Operation 
Right lobectomy 


Hepatoma 
Hepatoma 
Hepatoma 


Unknown Trisegmentectomy 
Left lobectomy 


None Trisegmentectomy 


Intermittent 1966 to 1974 Right lobectomy Hepatoma 


20 months (1966 to 1969) Right lobectomy Adenoma 


^ Adenoma 
Adenoma 


Trisegmentectomy 


Intermittent 1975 to 1976 Right lobectomy 





these patients. 


Four of our patients (cases 1, 2, 4, and 8) had evidence of 


bleeding into the tumor or peritoneal cavity and at least 


two of these patients had previously taken oral contracep- - 1 


tives; the contraceptive history is not known in one of 
these patients (case 1). It has been suggested that oral 
contraceptives may increase the frequency of bleeding in 
the hepatic adenoma”; the fact that only two of eight 
patients (25%) hemorrhaged from the tumor into the free 
peritoneal cavity (cases 1 and 2) is a lower frequency of 


hemorrhage than has been observed in some other 


series.* 11.12.18 ; 
Exploratory laparotomy was done at other hospitals in 
five of our eight patients, resulting in the diagnosis of 
hepatic tumor. In two of these patients, the wound was 
infected at the time of reoperation for tumor resection in 
Denver; one patient underwent trisegmentectomy (case 4) 
and the other patient, right lobectomy (case 6), both with 
wide drainage, and neither had postoperative infections. 
In our first patient, needle biopsy of the liver was done 
at another hospital for diagnosis and the biopsy specimen 
was interpreted as consistent with mild hepatitis. The 
question of needle biopsy for diagnosis of hepatic adeno- 
mas has been recently reviewed by Terblanche,” and he 
agreed with the suggestion of Edmondson et al" that this 


procedure may not be so likely to cause hemorrhage as was - à 


originally feared. Nevertheless, a skilled and experienced 
surgical pathologist is needed if the needle biopsy is to 
have any real diagnostic value. 

The eentral question in treating patients with hepatic 
adenoma is whether withdrawal of oral contraceptives is 
sufficient treatment for those patients who are taking 
such medication, or whether destruction of the tumor is 
necessary. In patients with no history of oral contraceptive 
ingestion, destruction of the tumor is the only therapeutic 


option other than observation in the hope of spontaneous 1 


tumor regression. 

Although some hepatie adenomas will involute following 
withdrawal of oral contraceptive hormones, 9-:112:1:.15.17.20 
removal of the tumor provides the most definitive therapy, 
if removal can be done without significant morbidity or 
mortality. Removal eliminates concern about the possibili- 
ty of observing a malignant tumor that has been incorrect- 
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. y diagnosed as benign and removal of the tumor elimi- 
. nates the risk of hemorrhage from the tumor during a 
= period of observation. 

— [f the patient with hepatic adenoma has symptoms or 
. signs of hemorrhage, mechanical control of the bleeding is 
.. urgently or emergently needed to save the patient's life. 
= Terblanche” has suggested laparotomy, frozen section 
= diagnosis of the tumor, and ligation of either the right or 
left hepatic artery as the initial treatment of the patient 
|. with active hemorrhage into the peritoneal cavity; he has 
. suggested radiologic embolization of the hepatic artery for 
. the patient with established diagnosis and pain without 
evidence of life-threatening hemorrhage. 

The eight major anatomic resections during an eight- 
year period in Denver were carried out using techniques 
that have been described previously.” There was no 
mortality, no serious morbidity, and there is no known 
recurrence of tumor. At the present time, formal anatomic 
resection of the benign hepatic adenoma is recommended 
as the preferred treatment, regardless of the manner of 
presentation of this tumor, when such resection can be 
earried out without mortality or signifieant morbidity. 
... However, in the future, less drastic ways of treating these 
|. . tumors, including angiographie embolization, hepatie 

— artery ligation, enucleation of the tumor, and discontinu- 
ing oral contraceptives, may prove to be as effective as 
anatomic hepatic resection. Oral contraceptive medications 
should be permanently prohibited in all patients with 
hepatic adenomas. 


This study was supported by research grants MRIS 8118-01 and 7227-01 
from the Veterans Administration, grants AM-17260 and AM-07772 from 
the National Institutes of Health, and grants RR-00051 and RR-00069 from 
the General Clinic Research Centers Program of the Division of Research 
Resources, National Institutes of Health. The first five cases were reviewed 
by Hugh Edmondson, MD, Los Angeles, and Robert H. Fennel, MD, 
Denver. 
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Transduodenal Sphincteroplasty 


J. S. Vassilakis, MD; K. Manolas, MD; J. Boundouris, MD 


* We report on the results of elective sphincteroplasty for 
benign stenosis of the sphincter of Oddi in a prospective study of 
32 consecutive cases. All patients underwent combined supra- 
duodenal exploration of the common bile duct and transduoden- 
al sphincteroplasty. All patients were followed up clinically and 
biochemically for from one to four years. Seventeen patients 
underwent a barium meal examination a year after surgery and of 
these patients, ten showed retrograde filling of the common bile 
duct and four had air in it. The intrabiliary pressures in six 
patients were abnormal, ranging from 210 to 230 mm H.O 
(normal, 80 to 130) intraoperatively before the exploration of the 
common bile duct, but were found to be normal after the sphinc- 
teroplasty. The mortality was 096 and no serious complications 
were observed. 

(Arch Surg 114:181-184, 1979) 


[y of the common bile duct into the duodenum 
may be aehieved surgically by choledochoduodenos- 
tomy or direct operation on the lower end of the bile duct 
(sphineteroplasty). Both methods have their proponents. 
Those who favor sohincteroplasty hope to avoid the possi- 
ble sequelae of stasis in the distal bile duct, which is 
bypassed by a choledochoduodenostomy. By ensuring a 
mucosa-to-mucosa suture between the opened out bile duet 
and the duodenum, the risk of restenosis can be minimized, 
as was suggested in 1948 by Ochsner in commenting on an 
early presentation on sphincterotomy by Doubilet and 
Mullholland.’ Most authors agree on this technique and 
several series have reported the use of sphincteroplasty in 
many conditions, rotably, benign stenosis of the ampulla of 
Vater^* The indications for sphincteroplasty are benign 
stenosis of sphincter of Oddi, multiple common bile duct 
stones, gallstone impacted in the ampulla of Vater, sludge 
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in the common bile duct, intrahepatic biliary stones, long- | 


standing biliary fistulae, and chronic relapsing pancreati- 
tis due to stenosis of the sphineter of Oddi. 

Aims of the operation include the release of any residual 
bile duct stone and the prevention of recurrence of bile 
duet stones that can occur in the presence of partial 
obstruetion, as was shown experimentally by Imamoglu et 
al.* 

In a proposed subdivision of the types of stenosis of the 
ampulla of Vater, Kourias*'^ studied 3,556 biliary opera- 
tions and found 62 cases that he called inflammatory 
functienal stenosis and 98 inflammatory fibrotic stenosis. 
The distinction between the groups was made on a histo- 
logical basis. It was thought that inflammatory functional 
lesions could be safely treated by dilation or papillotomy, 
but that inflammatory fibrotic lesions required formal 
sphincterotomy or sphincteroplasty. However, we have 
preferred to treat all types of benign stenosis of the 
ampulla of Vater by complete sphincteroplasty. 


SUBJECTS AND METHODS 


Thirty-two consecutive cases of benign stenosis of the sphincter 
of Oddi treated from 1969 to 1970 at the Athens Naval and 
Veterans Hospital by sphincteroplasty were studied. Fourteen 
patients were men and 18 were women, with ages ranging from 21 
to 72 years. 

All 32 patients studied had an abnormal operative cholangio- 
gram that indicated that an exploration of the common bile duct 
was necessary due to the presence of stones in the common bile 
duct or obstruction of the lower end of the common bile duct. The 
diagnosis of benign stenosis of the distal part of the common bile 
duct was made if a No. 2 Bakes' dilator (external diameter, 3 mm) 
could not be passed from the common bile duct into the duodenum. 
Additional findings at operation that were considered as a further 
indication for sphincteroplasty are as follows: 


No. (96) 

of Patients 

Dilated common bile duct (712 mm) 18 (57.51) 
Palpable common bile duct stones 11 (84.4) 
Impacted stone into the lower end 13 (40.6) 
Not possible passage of No. 2 Bakes' dilator 32 (100) 
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Sphincteroplasty was performed mainly by the technique 
described by Jones et al.* The ampulla was approached transduode- 
nally. By using a grooved probe and serial clamping with straight 
mosquito forceps, division and suture approximation of the 
common bile duct and duodenal walls was carried out to create a 
wide anastomosis, usually 14 to 18 mm in length. The first pair of 
clamps was placed in an anterolateral (slightly to the right) 
position to avoid pancreatic duct damage. An apex stitch was 
carefully placed to avoid leakage. Thus, the entire sphincter 
muscular mechanism was eliminated. The gallbladder was 
removed routinely, regardless of the presence of stones, since it 
would no longer function.’ Following exploration of the common 
bile duct, a small, short-limb T tube was used. All patients were 
given prophylactic antibiotics. All patients underwent a post- 
sphincteroplasty operative cholangiogram to demonstrate free 
passage of the contrast medium through the sphincteroplasty into 
the duodenum and to exclude any leakage. A postoperative 
cholangiogram was also done at the 11th or 18th postoperative 
day. 

Intraoperative and postoperative measurements of pressures in 
the bile duct in six patients were made using a central venous 
pressure catheter connected to a strain gauge transducer and a 


= pen writing recorder. The intrabiliary pressure was measured 


intraoperatively before the exploration of the common bile duct 
through the cystie duct or by needle puncture of the common bile 
duct in patients who had previously had the gallbladder removed. 
The pressures were also measured intraoperatively and immedi- 
ately after sphineteroplasty through the T tube. The pressures 
were measured postoperatively every six hours for ten days 
through the T tube. They were measured after the intravenous 
injection of 10 mg of morphine sulfate on the 11th postoperative 
day. A barium meal examination was done on 17 patients one year 
after surgery to demonstrate the incidence of retrograde filling of 
the common bile duct. All 32 patients were interviewed, with 
particular reference to recurrent symptoms, especially those of 
cholangitis, and all underwent biochemical assessment, especially 
in regard to liver and pancreatic function. 


RESULTS 


From 1970 to 1974, the sphincteroplasty operations made 
up 13.6% of the operations on the biliary tree (Table). The 
percentage of sphincteroplasties performed by Stefanini et 
al? in a series of 2,589 biliary operations was 28%. There 
were no operative deaths. The intrabiliary, intraoperative 
pressures before the exploration of the common bile duct 
were found to be abnormal, ranging from 210 to 289 mm 
H,O (normal, 80 to 130). The postsphincteroplasty, intra- 
operative pressures were found to be slightly lower, rang- 
ing from 140 to 260 mm H,O due probably to edema at the 
site of sphincteroplasty. The postoperative intrabiliary 
pressures were found to be normal after the third postop- 
erative day, when the edema and the adynamic ileus had 
settled down (Fig 1). The postmorphine pressures were 
found to be normal after a temporary increase lasting 
about 15 minutes, despite the fact that the patients were 
under the effect of morphine (Fig 2). Similar results were 
observed by Jones et al after sphincteroplasty, but not 
after sphincterotomy. This temporary increase is due to 
contraction of the duodenal wall and not to residual muscle 
of the sphincter." 

Seventeen patients underwent a barium meal examina- 
tion one year after surgery. Retrograde filling of the 


182 Arch Surg— Vol 114, Feb 1979 


7T 3S ry = 


No. of Patients 
Fr —— ———————————— —Ia 
Jndergoing 
Biliary 


With Stenosis 
of Sphincter 
Year Operations of Oddi 
1970 43 6 6 
7 7 


Undergoing 
Sphinctero- 

plasty 96 
13.95 





1974 42 6 6 14.28 


Total 243 32 32 13.6 


Endocholedochal bile pressure (mm H50) 
NORMAL 





Postoperative days 


Sphinctero -F-asty 
Intraoperatrely 


Fig 1.—Endccholedochal bile pressures (mean + SEM) for six 
patients undergoing exploration of common bile duct and sphinc- 
teroplasty. Measurements were made intraoperatively before and 
after sphincteroplasty and at six hourly intervals for ten postoper- 
ative days. 


common bile duct through the sphincteroplasty occurred in 
ten patients and in four, air was shown in the extrahepatic 
biliary tree both findings demonstrating the patency of 
the sphincteroplasty. 

Liver and pancreatic function were assessed one to four 
years postoperatively by measuring serum bilirubin, alka- 
line phosphatase, transaminase, serum protein, serum 
calcium, bloed urea, blood sugar, and serum amylase levels 
and prothrombin time. All had normal results except one 
patient in whom, 17 months after surgery, cholangitis and 
jaundice developed. He required reoperation and a choledo- 
choduodenostomy was performed. 

The clinical follow-up was from one to four years and 
included assessment of biliary colic or other epigastric pain 
suggestive cf cholangitis and dyspepsia. All patients were 
asymptomatic except the same patient, who had abnormal 
biochemical results and in whom jaundice developed, for 
which a choledochoduodenostomy was performed. 


COMMENT 


Some worlers'*^* have suggested that the manometry of 
the biliary cree could be used as a criterion for the 
diagnosis of any abnormality of the sphincter of Oddi, for a 
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Endocholedochal bile pressure (mm H20) 


Time minutes) 


Fig 2.—Influence cf intravenous injection of 10 mg morphine 
sulfate on endochaledochal bile pressures (mean + SEM) in six 
patients on 11th pcs:operative day following sphincteroplasty. 


normal sphincter spontan2ously relaxes when the intrabil- 
lary pressure exceeds 150 mm of saline.” 

Partington* points out that the simplest method of 
diagnosis of any change in the sphineter of Oddi is by 
operative cholangiograpky. He considered any abrupt 
narrowing in the diameter of the duct of the choledochal 
sphincter to be an organic change, especially if it is 
combined with ar increase in the duct size to more than 1 
em in diameter. 

However, most surgeons have assessed stenosis using 
Bakes’ dilators. Thus, Jones et al? considered ampullary 
stenosis to be present if a No. 3 Bakes’ dilator or a No. 10 F 
urethral catheter cannot be passed easily. The diagnosis in 
our patients was made intraoperatively if a No. 2 Bakes’ 
dilator could not be passed from the common bile duct into 
the duodenum. 

The reported complications of sphincteroplasty are acute 
pancreatitis, reflux cholangitis, narrowing of the stoma, 
and residual or reformation of stones.*7 Jones et al,’ in 
241 cases of sphüncteroplasty, had only three cases of 
postoperative parcreatitis that developed in two patients 
who had incompiete or partial sphincteroplasty. They point 
out that incomp ete or partial sphincteroplasty is not 
recommended. Peel et al'* also report that the incidence of 
pancreatitis following spaincterotomy is no higher than 
with other methods of exploring the biliary tract. On the 
other hand, Keighley and Graham’ report that in nine 
patients who have undergone transduodenal sphinctero- 
plasty combined with supraduodenal choledochotomy, 
postoperative acute pancreatitis developed in three 
patients (3375), two of whom died. Two of these had 
undergone a primary closure of the common bile duct. They 
point out that the combination of supraduodenal explora- 
tion with transduedenal sphincteroplasty is dangerous and 
that there is a high incidence of pancreatitis following the 
combined approach." 

In our series, there was no postoperative pancreatitis. In 
a follow-up ranging from six months to 15 years, Jones et 
al' have not had any residual stones in 139 patients with 
multiple common bile duet stones treated by sphinctero- 
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plasty, 18 of whom had residual stones from previous - 
exploration of the common bile duct before the sphinctero- | 


plasty. On the other hand, Johnson and Rains" point out 


that after choledochoduodenostomy, the blind lower end of — 
the common bile duct could occasionally be the site of — 
formation of stones that may give no trouble, but they do — 


not accept that this blind lower end could be a cause of 
choledochitis or pancreatitis. We have not had any residual 
stones in our cases in a follow-up ranging from one to four 


years. Peel et al’ report that, on the basis of endoscopic — 


findings using a side-viewing duodenoscope, there was no " 


narrowing of the stoma of sphincterotomies in 13 cases. 
Jones et al’ also report that, on the basis of the measure- 
ments of pressures, barium meal examination, and 
morphine test, the narrowing can develop after sphincterot- 
omy, but not after sphincteroplastv. Thev have had no 
evidence that their sphincteroplasties have constricted 


with the passage of time. In our series, we have had one 
patient with complete obstruction of the stoma in whom a. 
choledochoduodenostomy was performed 17 months after 


the original surgery. 


Reflux cholangitis seems to be very rare in the sphincter- | 


oplasties, as well as in the choledochoduodenostomies, 
provided that a narrowing of the stoma does not develop. 
Madden et al," in a collected series from the literature over 
a period from 1946 to 1968, give the incidence of cholangitis 
as 0.4% of 1,255 choledochoduodenostomies. In addition, 


they anastomosed the bile duet to the unprepared colon of 
dogs and, provided that there was no stomal obstruction, 


cholangitis did not occur, despite the reflux of fecal 


contents into the biliary tract. Peel et al? report that, 


although reflux may occur in up to 40% of cases of 
sphincterotomy, it is not associated with clinical evidence 
of cholangitis, unless a stone is present. Jones et al? have 
not had any development of cholangitis, despite free 
reflux. In our series, we have had one case of cholangitis, 
but there was a complete stomal obstruetion a month 
later. 

In nine cases reported by Keighley et al; the mortality 
was 33%. However, in 241 patients undergoing sphinctero- 


plasty performed by Jones et al; there have been three 


deaths, an overall mortality of 1.24%, but without any 
fatality in the last 129 patients operated on. In 87 patients 
having sphincteroplasties performed by Partington, there 
were two deaths, a mortality of 2.29%. The mortality in a 
series of 712 sphincteroplasties (papillostomies) performed 
by Stefanini et al? was 1.1%. We have not had any deaths in 
our 32 cases. 

It is suggested that sphincteroplasty gives good results 
and is more anatomical than choledochoduodenostomy, 
provided that it is performed by experienced surgeons used 
to operating on the biliary tree and that the entire 
sphincter musculature is divided. Sphincteroplasty, apart 
from its immediate operative result, plays a prophylactic 
role by preventing later obstruction due either to residual 
stones or to the reformation of stones due to stasis. 


H. L. Duthie, FRCS, and B. J. Rowlands, of the University Surgical Unit, 
Sheffield, England, provided criticism. 
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Editorial Comment 


Sphincteroolasty has assumed its proper place in the operative 
repertoire of zhe general surgeon. Small series, such as this report, 
add to the tetal surgical experience in proving the good results 
from and tb» low risk of a properly conducted direct suture 
anastomosis. Manometric studies, which may be time-consuming, 
often are crit cally essential to evaluate the adequacy of sphineter- 
ie division. 

Support is ziven to the concept that a side-to-side anastomosis 
(choledochodr odenostomy), on sound physiologie principles, must 
be less satisfactory than an end-to-side anastomosis (sphinctero- 
plasty), despite very vocal proponents of the first procedure. The 
controversy may never be resolved, but taking down the side- 
to-side operetion and replacing it with an end-to-side is not 
unknown and not undertaken lightly, even by an experienced 
surgeon. 

A carefully abstracted review of the more pertinent publications 
relating to sphincteroplasty, sphincterotomy, and choledochoduo- 
denostomy provides an excellent perspective of the problem; the 
report of orly 32 patients assumes greater importance when 


viewed agairst this background. 
Mark Hayes, MD 


New Haven, Conn 
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Gastroduodenal Disease in 
Chronic Spinal Cord Injuries 


An Endoscopie Study 


Masao Tanaka, MD; Motoaki Uchiyama, MD; Motoo Kitano, MD 


* Endoscopic study of the upper gastrointestinal tract was 
performed in 40 patients in the chronic stage of spinal cord 
injury. Of these, 37 patienis were analyzed for endoscopic 
abnormalities, symptoms, and physical findings. Nineteen 
patients (51.496) had abnormalities by endoscopy. There were 11 
gastric erosions, two gastric ulcers, and six cases of congestion 
or submucosal hemorrhage. In addition, five patients had duode- 
nal mucosal lesiors. An attempt to find clear diagnostic clues in 
terms of symptoms or physical signs was unsuccessful. Anorex- 
ia and nausea were early symptoms to which we should pay 
attention. The results do not permit an assessment of the relation 
of various possible causative factors and these gastroduodenal 
lesions. The study does call attention to the high incidence of 
gastroduodenal lesions in these patients. 

(Arch Surg 114:185-187, 1979) 


bdominal emergencies in patients in the chronic stage 

of spinal cerd injury continue to present a diagnostic 

and therapeutic challenge. The unusual mode of manifesta- 

tion of abdominal pathology and the lack of ordinary 

responses in these patients often result in a delayed 

diagnosis. The chronicity of their condition related to the 

spinal cord injury also adds to a tendency to miss the 
diagnosis in the early phase of the disease. 

Recently, in our hospital, a quadriplegic patient had the 
sudden onset of massive hematemesis and melena. Emer- 
gency endoscopy disclosed a duodenal ulcer as the site of 
hemorrhage, and every effort was made to stabilize his 
vital signs. The hemorrhage, however, did not cease, and 
the patient died of pulmonary complications and acute 
renal failure before surgical intervention could be 
attempted. This distressing experience stimulated us to 
conduct a clinical survey on other patients in the chronic 
phase of spinal eord injury to detect gastroduodenal 
lesions. We hoped that this might lead to early and 
appropriate treatment before emergencies developed. 

The aim of this article is to report the results of this 
survey. We believe the high incidence of gastroduodenal 
lesions in this group of patients is worthy of note. 


Accepted for publication Aug“29, 1978. 
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SUBJECTS AND METHODS 


This series consisted of 40 patients in the chronic phase of spinal 
cord injury. All were men aged 21 to 67 years. The average period 
after the injury was 2.9 years, with a range of 81 days to 11 years. 
They were surveyed for the level and completeness of their spinal 
cord lesions, the presence of symptoms related to the digestive 
tract (nausea, vomiting, loss of appetite, abdominal pain, spasm, or 
fullness) physieal condition, and the use of anti-inflammatory or 
antibacterial agents. 

Upper gastrointestinal endoscopy was performed in the 
patient's own bed in the ward. The side-viewing fiberoptie duode- 
noscope was employed. In addition to the routine use of pharyn- 
geal anesthesia with lidocaine (Xylocaine) spray, 10 mg of diaze- 
pam was occasionally given intramuscularly for anxious patients. 
The use of anticholinergic agents was avoided to determine the 
exact degree of bile reflux into the stomach. 

After observation of the lower part of the esophagus by full 


. bending of the instrument, the stomach was entered. Endoscopic 


grades of bile reflux were assessed, the entire stomach was 
examined, and the number of erosions or ulcers was determined. 
Biopsy specimens were obtained from the areas of "hyperemia" 
and subjected to histological studies to provide objective evidence 
of the hyperemic changes. Then the fiberscope was introduced into 
the duodenum for the observation of the bulbar and postbulbar 
mucosa. 


RESULTS 


Of the 40 patients studied, two with a previous Billroth I 
gastrectomy and another with a marked gastric deformity 
after three laparotomy procedures for intestinal obstruc- 
tion were excluded from the analysis. No complications 
were encountered except for inadvertent bronchoscopy in 
two patients, probably due to the hypoactive cough 
reflex. 

Interpretation of "hyperemia" of the gastric mucosa 
differs from endoscopist to endoscopist. Hyperemia, there- 
fore, was not regarded as abnormal unless histological 
study of the biopsy specimens disclosed definite evidence 
of congestion or submucosal hemorrhage. The total number 
of gastric erosions or ulcers was assigned grades of + to 
+ + + as follows: +, one to four; + +, five to nine; ++ +, 
ten or more. The degree of bile reflux was graded as + 
when the fluid lake in the gastric fundus was bile stained, 
and as ++ when the bile regurgitated into the antrum 
was also visible. 

Nineteen patients (51.4%) showed abnormal endoscopic 
findings (Table). Eleven patients (29.7%) had gastric 


erosions, two (5.4%) had gastric ulcers, and six (16.2%). 
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Abnormal Endoscopic Findings in Patients With Spinal Cord Injury 


Case/ Cord Physical Bile 





^ Age, yr Lesion* Stomach Duodenum Symptoms Abnormalities Drug Reflux 
M. 1/43 C-4(C) Erosions + +, antrum Erosions; duod- 
3 enitis 
v 2/32 C-4(C)  Erosions +, antrum Lower abdominal Distention 
E! pain, fullness 
1 : 3/41 C-4(C) Erosions + + + Normal General abdominal None Antibiotic 
f: fullness, spasm 
Bs 4/50  C-«(l) Erosions + + +, wide- Duodenitis Anti-inflammatory 
^ spread agents 
- 5/67 = C-5(l) Submucosal hemor- Ulcer; erosions Anorexia; left upper Distention; tender- 
rhage, body quadrant pain, ness 
` spasm 

6/58 . C-5(l) Erosions + +, body Multiple ulcers Anorexia; nausea; Sweating; distention — Anti-inflammatory 
^ upper abdominal agents 
E | fullness, spasm 
: 7/36 | C-5(l) Erosions + +, body Normal Upper abdominal None Anti-inflammatory 
Bs spasm agents 
b. 8/42 C-5(l) Erosions +, body Normal Anorexia; upper ab-  Distention P sd * 
a dominal fullness 
(c 10/64 C-6(C) Congestion, widespread Normal "T. None ; ++ 


11/24 C-6(l) Erosions +, antrum Erosion; duode- Antibiotic 


nitis 
Erosions + + +, antrum Normal 
Ulcers + + +, antrum Normal 


12/66 
13/35 


C-6(1) 
C-8(C) 


Submucosal hemor- Normal 


rhage; congestion, 
body 


Congestion, antrum 


14/43  T-5(C) 


15/64  T-11(C) Normal 


16/67 L-1(C) Ulcers +, body Normal 


Submucosal hemor- Normal 
rhage, body 

Submucosal hemorrhage, Normal 
widespread 


Erosions +, body 


17/49  L-1(C) 


18/37  L-1() 


19/21 L-3(1) Normal 





*(C) indicates complete; (I), incomplete. 


showed hyperemic changes histologically proved by endo- 
scopic biopsy specimens. Gastric ulcers in this group of 
patients invariably were small and superficial. In addition, 
mucosal lesions in the duodenum (duodenitis, erosions, or 
ulcers) were demonstrated in five patients (13.5%). There 
was no involvement of the duodenum alone. 

The remaining 18 patients showed no abnormality in the 
stomach and duodenum except for a 1+ bile reflux in three 
patients and a 2+ bile reflux in five patients. The level of 
the spinal cord injury in this group was cervical in nine 
patients, thoracic in four, and lumbar in five. 

Various types of abdominal symptoms were reported in 
eight patients with gastric or gastroduodenal lesions and 
in four without them. Abdominal fullness was usually 
associated with a spasm of the abdominal wall musculature 
due to a neurological disturbance. It is difficult, therefore, 
to attach any significance to abdominal fullness in terms of 
symptomatology of gastroduodenal diseases. On the 
contrary, anorexia and nausea seem to be very early 
symptoms to which we should pay attention. Abdominal 
distention was noticed in six patients in the abnormal 


group and in only two in the normal group. It may have 


some etiological significance, which will be discussed 
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General abdominal 
fullness, spasm 


Upper abdominal 
fullness, spasm 


None 
Distention 


Anti-inflammatory 
agents, sulfa 


Distention 


None Anti-inflammatory 


agents 
None Sulfa 


None 


None 


later. 

Anti-inflammatory drugs were being administered for 
at least one month to relieve spastic muscle aches in five 
patients (2€.3%) in the affected group and in two (11.1%) in 
the nonaffected group. In the former group, 150 mg of 
diclofenac sodium daily was used for four months in cases 4 
and 13, 2.0 g of buffered aspirin for 12 months in case 6, 
and 600 mg-of ibuprofen for eight months in case 7 and for 
20 months in ease 16. In the latter group, 600 mg of 
ibuprofen daily was used for one month in one patient and 
for four mcnths in another patient. 

Antibacterial agents (antibiotic or sulfa drugs) were 
being given for the treatment of urinary tract infection in 
five instances in the abnormal group and in four in the 
normal group. 


Management 


All the patients with abnormal endoscopic findings were 
treated with orally administered magnesium-aluminum 
hydroxide sispension (Maalox), 10 ml three to four times 
daily. After two months, the endoscopic examination was 
repeated; al the lesions had disappeared except for conges- 
tion and submucosal hemorrhage in case 14. 
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Gastroduoderal ulcerations in severely injured patients 
is currently an area of wicespread interest. This problem is 
commonly referred to as stress ulceration. In particular, as 
Bowen et al' suggested in a study of serum gastrin in 39 
severely injured patients, stress ulcer in patients with 
injury to the central nervous system seems to be a distinct 
pathophysiologizal entity from that in patients with injury 
to other organs. There are many reports available on stress 
ulceration during the acute phase of injury to the central 
nervous system. Perret and Solomon? pointed out that 
acute gastrointestinal hemorrhage was a common compli- 
cation of severe cervical cord injury. Their series consisted 
of 99 patients admitted within two weeks of trauma. 
‘Twenty-two percent of patients with complete cord inter- 
ruption had severe gastreintestinal bleeding. 

On the other hand, there are only a few reports that 
focus on gastraduodenal disease in the chronic phase of 
spinal cord injury. In an analysis of 24 cases of abdominal 
emergencies encountered in the chronic stage of spinal 
cord injury, Charney et al? reported six instances of 
gastroduodenal disease. Two patients had hemorrhagic 
erosive gastritis, two had gastric ulcers, and the remaining 
two had duodenal! ulcers. 

Patients withspinal cord lesions are particularly vulner- 
able to various complicatiens if anorexia, nausea, vomiting, 
or hemorrhage result from gastroduodenal diseases. There- 
fore, the importance of early diagnosis of the disease in 
these patients cannot be everemphasized. In this study, an 
attempt was made to find some symptoms or physical 
findings that might be helpful in the early diagnosis of 
such gastroduocenal problems. No answer, however, was 
found. À high index of suspicion and careful periodic 
examination are mandatery for early recognition of these 
lesions. In patients with spinal cord injury, endoscopy is of 
great value in the study of the upper gastrointestinal tract, 
since paralysis cf the lower extremities makes the conven- 
tional roentgenegraphic examination difficult in most 
cases. As indicated in this study, endoscopy can be 
performed in bed, without transfer of the patient. 

In the present series, 29.7% of the patients had gastric 
erosions, 5.4% had gastricalcers, and 16.2% had submucosal 
hemorrhage or congestion. Furthermore, 13.5% of the 
patients had duodenal lesions. In all, 51.4% of the chronic 
paraplegics anc quadripkegics had abnormal endoscopic 
findings. 

Ingestion of anti-inflammatory drugs for the relief of 
spastic muscle aches is common in chronic spinal cord 
injury patients and may be one of the causes of gastroduo- 
denal mucosal lesions. There was a history of long-term 
ingestion of various anti- nflammatory agents in 26.3% of 
the affected greup and in only 11.1% of the nonaffected 
group in this series. The mode of involvement of gastric 
mucosal lesions in these patients, namely, multiple small 
areas of superficial ulceration or erosions, is similar to that 
of the mucosal damage caused by anti-inflammatory drugs 
previously demonstrated by gastroscopy.'? It is also main- 
tained that anti-inflammatory drugs may injure the duo- 
denal mucosa as-well.** Antibiotics and the sulfa drugs are 


Arch Surg—Vol 1%, Feb 1973 





well-known pharmaceutical agents that produce gastric ; 
mucosal damage. There was no difference, however, in the — 


‘i 


number of patients taking these drugs between the normal ^ 


and abnormal groups. 


Hypersecretion of gastric juice may be another possible - 1 
explanation. Pollock and Finkelman* found gastric hypera- — 
cidity in 19.8% of chronic cord injuries, and attributed it to — 


release from the sympathetic influence that inhibits the 
vagal action. They also observed that no hyperacidity was 
found in patients with interruption at or below the fifth 


thoracic cord. In the present series, endoscopic gastroduo- 


denal abnormalities were present in six of 15 patients 
(40.0%) with cord lesions at or below the fifth thoracic level, 
and in 13 of 22 patients (59.1%) with cord lesions above that 
level. The small number of cases, however, does not allow 
one to make any conclusions on this problem. 


Bile reflux is also a possible causative agent,’ although — 
endoscopic grading of reflux failed to show a significant - A 


difference between the affected and nonaffected groups in 
this series. Perret and Hesser'? demonstrated that experi- 
mental cervieal cord transection reduced the intragastric 


pressure and the amplitude of contraction waves. 


Decreased intragastric pressure together with abdominal 
distention due to flaccid abdominal musculature and swal- 
lowed air in patients with spinal eord injury can be 
expected to result in inversion of gastroduodenal pressure 
gradient, adding to reflux of the duodenal content into the 
stomach. | 

The results of the present survey do not permit a precise 
assessment of the relation of various causative factors to 
gastroduodenal mucosal lesions in patients with chronic- 
phase spinal cord injury. The study does call attention to 
the high incidence of gastroduodenal lesions in this group 
of patients. Every worker who participates in the manage- 
ment of patients with spinal cord injury should be well 
aware of this fact. 


Tamikazu Amako, MD, and Takashi Akazu, MD, provided encouragement 
and made facilities available in the Department of Spinal Cord Injury of the 
Kyushu Rohsai Hospital. 
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Risk Assessment of Pulmonary 


Embolism by Multivariate Analysis 


Bernard Sigel, MD; Jeffrey R. Justin; Robert J. Gibson, MS; W. Robert Felix, Jr, MD; 


George L. Popky, MD; Janet A. Parker, MD; Johannes Ipsen, MD 


e A prospective study of 6,527 hospitalized patients was 
performed to evaluate the effectiveness of multivariate analysis 
of risk factors to correctly designate risk for pulmonary embo- 
lism. History of previous pulmonary embolism was the single 
most important factor. In patients without prior history, five 
factors emerged: inactivity, congestive heart failure, Doppler 
ultrasound evidence of deep-vein occlusion, female sex, and 
black race. Used together, these factors permitted a discrimina- 
tion of risk such that 68.7% of pulmonary embolization was found 
to occur in 32.2% of the population designated as showing 
increased risk. Multivariate analysis of clinical factors improved 
assessment of risk, compared to the use of lower extremity 
findings alone, and proved to be useful in identifying individuals 


. at increased risk for pulmonary embolism. 


(Arch Surg 114:188-192, 1979) 


dentifieation of patients at high risk for pulmonary 
embolism is generally based on suspicion of lower 
extremity deep venous thrombosis. At times, other factors 
are considered, because lower extremity thrombosis often 
is silent or thrombi may originate elsewhere besides the 
lower extremity veins. Furthermore, the condition of the 
pulmonary circulation, in part, determines the clinical 
significance of the embolus. However, it is not clear how 
useful factors other than evidence of lower extremity 
thrombosis are in improving risk assessment. 

We have conducted a prospective study of risk factors 
related to pulmonary embolism in order to achieve two 
objectives: first, to determine whether consideration of a 
number of factors simultaneously by means of multivari- 
ate analysis can improve risk assessment, compared to 
reliance on evidence of lower extremity venous thrombosis 


- alone; second, to evaluate the effectiveness of a battery of 


factors in correctly assigning risk of pulmonary embolism 
in a study population. 


SUBJECTS AND METHODS 


The study was performed at three hospitals in Philadelphia 
from April 1971 through April 1975. These three hospitals were the 
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Medical College of Pennsylvania, the Philadelphia Veterans 
Administration Hospital, and Chestnut Hill Hospital. 

Potential study subjects consisted of patients admitted to the 
medical and surgical areas of the VA Hospital and patients of 
physicians wo agreed to have their patients involved in the study. 
Individual petient consent was sought and obtained prior to the 
enrollment cf the patient in the study. The services mainly 
represented were medicine, neurology, surgery, and obstetrics and 
gynecology. Inpatients in the participating hospitals were selected 
for the study in essentially two ways. Most study subjects (71%) 
came through a routine entry route. These were patients of 
cooperating physicians who had agreed to participate. The second 
method of selection was through the consultation entry route, 
following a specific request to have a patient examined. 

Selection cf an entry route into the study largely depended on 
work load, since there were usually more patients available than 
could be examined. Nurse and technician teams in each hospital 
responded te consultation requests and admitted routine entry 
patients as the work load permitted. When more routine entry 
patients were available than could be processed, the technicians 
usually selecsed the older and more ill-appearing patients on the 
floor. This was done in the belief that they were more prone to 
have or for tae development of venous thromboembolism. Howev- 
er, a countervailing influence to the preponderant selection of the 
more seriously ill patients was the omission of patients in the 
intensive care unit. 

Until January 1973, a patient was entered into the study only 
once. After tais date, patients were accepted for repeat entry if at 
least a two-month interval from date of last admission to the study 
had elapsed. 

Each patient, on admission to the study, was interviewed and 
underwent physical and Doppler ultrasound examinations of the 
lower extremities. The patient's chart was reviewed and informa- 
tion regardiag radioisotope pulmonary scanning and pulmonary 
angiography was obtained from the hospital radiology service. 

In order -o have a uniform period of "observation" for all 
patients, final status was determined as of 30 days after entry to 
the study. A small percentage of patients were still in the hospital 
at this time. For most, it was necessary to make contact with the 
patient or the physician to obtain the desired information, ie, 
patient's stacus as dead or alive and any additional information or 
developments with respect to diagnosis of pulmonary embolism, 
treatment, end treatment complications. If the patient reported 
symptoms suggestive of pulmonary embolism (eg, chest pain, 
hemoptysis). he/she was urged to return to the doctor or to clinic 
for further study. 

Pulmonarz embolism was the end point, or dependent variable, 
of this stud;. The diagnosis of pulmonary embolism was made 
with two lev2ls of certainty, suspected and confirmed. Suspicion of 
pulmonary embolism was the clinical impression without imme- 
diate validacive support from angiography or pulmonary scan. 
Confirmed pulmonary embolism in this study was defined as an 
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aluminal filling defects or 
definite cutoff of vessel), abnormal autopsy findings, or an 
abnormal lung perfusion scan in conjunction with a normal chest 
roentgenogram within 24 hours. Pulmonary scanning was 
performed using technetium TC99m aggregated albumin; iodi- 
nated I 131 serum albumin was used occasionally. The diagnosis of 
pulmonary embolism was based on the identification of areas of 
diminished to absent perfusion in regions that did not have 
pulmonary parenchymal abnormality demonstrated on the chest 
roentgenogram. All pulmonary scans were independently inter- 
preted by at least two observers before a final report was 
rendered. All evaluations of angiograms, autopsy material, and 
perfusion scans were made by persons not aware of the presence 
or absence of risk factors. 


Risk Factor Analysis 


Potential risk factors, or independent variables, were selected 
on the basis of possible association with pulmonary embolism. In 
selecting independent variables, we were guided by references in 
the literature and by generally accepted clinical tenets, as well as 
our own prior stucy of venous disease in patients undergoing 
elective surgical operations.' 

The independent variables were all determined at the time of 
admission to the study. The variables and their definitions are 
listed as follows (all time references in the definitions relate to the 
day of admission te the study: 

Body build (comparison of bocy height and weight) 


Race 
Diabetes mellitus 
Hemoglobin concentration 
Previous venous thrombosis (a diagnosis made and treatment 
provided by a physician) 
Trauma 
Operation 
Pregnancy 
Increased intra-abdominal pressure due to palpable organs and/or 
free abdominal ‘uid 
Ovulatory suppressive therapy 
Congestive heart failure diagnosed and treated by a physician 
with glycosides and/or diuretics within the preceding month 
Activity; the typeof activity within the preceding 24 hours was 
rated as follows: 
Normal activity, history of having walked at least once to 
the floor nursing station ` 
Partial inactivity, history of walking only to a bathroom 
adjacent topatient’s room or to a bedside chair 
Complete inactivity, total confinement to bed, except for 
passive transfer to stretcher or wheel chair (such 
inactivity was of two types: imposed by a physician’s 
order and inability due to illness) 
Lower extremity deformity, paralysis, acute inflammation (loco- 
motion), or amputation 
Previous pulmorary embelism (physician diagnosis either 
suspected —clinieal ‘indings—or confirmed by pulmonary scan or 
angiogram 
Malignancy 
Varicose veins 
Clinical signs of postphlebitic syndrome 
Doppler ultrasound evidence of incompetent deep venous valves 
(demonstration by Doppler ultrasound examination of reverse 
venous flow motion following passive compression of the 
limb) 
Clinica: evidence ef deep venous occlusion (presence of tenderness 
and/or swelling in an extremity) 
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diagnosis was made by transcutaneous blood flow examination 


of the common femoral vein in the inguinal ligament employing — 


augmentation maneuvers’) 


Patients were divided into risk groups and the effect of each 


risk factor was evaluated using single-variate analysis. In addi- 


tion, the patients who never had pulmonary embolism (incidence - z 
group) were further assessed by means of a multivariate analysis 


of risk factors. In both the single and multivariate analysis, risk 
was expressed in terms of odds ratio.’ To employ multiple factors 


to assess risk in a given patient, an approach was employed that 
provided a single expression derived from a group of independent 


variables. 

This approach took into account the effect of many independent 
variables acting simultaneously and assigned weights to each 
independent variable, resulting in a battery of variables.** The 
weights of the independent variables could be multiplied for each 
unique cembination of variables to obtain a total weight, or score, 
that could be converted to a single value of risk. The aim was to 
develop a single scale that best separates the two possible 
outcomes, occurrence or nonoccurrence, of pulmonary embolism. 


RESULTS 

Of a total of 6,527 patients enrolled in the study, 703 
were aecepted for readmission, giving a total of 7,230 
patient examinations. Follow-up at one month was 
achieved in 98.5% of the patients. The median duration of 
hospitalization after admission to the study was about ten 
days, with only about 1646 of the patients still hospitalized 
at one month. Sourees for follow-up information were 
professional (almost always a physician or, occasionally, a 


nurse) in 87% of instances. In the remaining 13%, the . 


informant was either the patient or a member of the 
patient’s immediate family. 

The distribution of patient examinations, according to 
risk groups and in terms of first and repeat admission to 
the study, are shown in Table 1. Risk groups refer to the 
occurrence of pulmonary embolism. Patients who never 
were known to have pulmonary embolism and were at risk 
for the development of pulmonary embolism for the first 
time in the month-long observation period constituted the 
incidence group. Patients who had a diagnosis of pulmo- 
nary embolism made by a physician longer than one month 
prior to admission and at risk for new embolization 
constituted the recurrence group. Patients in whom the 
diagnosis of pulmonary embolism was considered within 
the month prior to admission, or the first two days after 
admission, were designated as suspected or confirmed 


Table 1.—Risk Groups and Rates of 
Confirmed Pulmonary Embolism 


First Admissions 
—_—e———_ 

Pulmonary 
Embolism 


Repeat Admissions 

oD. 
Pulmonary 
Emoblism 


No. of roe 
arents xe. 


No. of 
Risk Group Patients no. % 


Incidence 5,454 
Recurrence 111 


Suspect preva- 
lence 


Confirmed prev- 
 alence 194 194 


Total 


100.0 28 100.0 
6,527 278 4.3 6.3 
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Total 
Inactivity 


Risk Group 
Total group at risk for 
incidence 


Developed confirmed 
pulmonary embolism 


5,454 1,300 23.8 


Congestive 
Heart Failure 


Doppler 
Occlusion 


25 52. 9 


à ' y 18.8* 19 39.6 29 60.4 
Total group at risk for 
recurrence 111 28 25.2 39 35.1 50 45.0 19 17.1 43 38.6 39 35.1 


Developed confirmed 
pulmonary emoblism 


Suspect prevalence at entry 768 238 38 


Confirmed prevalence at 
Entry 


6,527 1,631 25.0 


*Percentage based on less than ten persons. 


prevalence groups. Suspected prevalence patients had a 
diagnosis of pulmonary embolism made on clinical grounds 
alone at time of admission. Confirmed prevalence patients 
showed an abnormal sean or angiogram at time of admis- 
sion. Also shown in Table 1 are the number and percent of 


. eonfirmed instances of pulmonary embolism recorded. 


Pulmonary embolism was confirmed in 278 patients, or 
4.3%, and in 44 patients, or 6.3%, for first and repeat 
admissions, respectively. Confirmation of pulmonary 
embolism was obtained mostly from the pulmonary scans 
(44 angiograms, 19 autopsies, and 295 pulmonary scans 
were positive for pulmonary embolism). However, in the 
ineidence group of first-admission patients, there was a 
higher proportion of confirmation by autopsy (four angio- 
grams, 12 autopsies, and 32 pulmonary scans were posi- 
tive). The rate of pulmonary embolism was 0.9% in this 
group. Patients admitted through the consultation entry 
route had an incidence rate of 1.1%, while patients admit- 
ted through a routine entry route had a rate of 0.8%. 

A selection of a battery of the most important risk 
factors occurred during the course of the study. This was 
performed on incidence group patients. We originally 
started with clinieal and Doppler ultrasound signs of deep 
venous thrombosis, together with factors that we found to 
be associated with these diagnoses. As the study 
progressed, we changed the content of the battery of 
variables to attain greater discrimination in classifying 
patients in regard to risk for the development of pulmo- 
nary embolism. 

Initially, we considered, together, the incidence group 
and the recurrence group patients as constituting a single 
group of patients at risk for pulmonary embolism during 
the month of observation. However, it soon became evident 
that history of previous pulmonary embolism was the most 
important single factor associated with the development of 
a new suspected or confirmed embolism. Because of this, 
we established a separate recurrence group whose main 
risk resulted from their previous history. Through a 
process of iterative refinement, five factors emerged at 
the end of the study in relation to pulmonary embolism in 
the incidence group. These were inactivity (dichotomized 
into partial and total), congestive heart failure, Doppler 
ultrasound evidence of deep vein occlusion, female sex, and 
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1,628 24.9 


98 403 52.2 395 51.4 


64 29 15.0 101 52.1 119 61.3 
1,701 26.1 510 7.8 2,076 31.8 2,973 45.5 





black race. 


Table 2 snows the occurrence of these five factors in the 
four risk g-oups. Compared to the total group at risk for 
incidence, patients in whom pulmonary embolism devel- 
oped or whc were in the prevalence groups showed a higher 
frequency ef occurrence of these five factors, with one 
exception. This was in the recurrence group, where race did 
not show ar increased occurrence of pulmonary embolism. 
However, ir this group, the total number of patients with 
confirmed julmonary embolism was small (three pa- 
tients). 

At the conclusion of the study, a multivariate analysis 
was perforned on all first admission incidence group 
patients employing the five most important risk factors. 
The results of this analysis were as follows: 


Variable Odds Ratio 
Partial iractivity 1.27 
Total inaetivity 1.68 
Congestive heart failure 3.37 
Ultrasourd occlusion 2.96 
Race (blak) 2.38 
Sex (femzle) 1.44 


51.54 


Multivariete analysis revealed that, when considered 
together, cor gestive heart failure (P — .05), Doppler ultra- 
sound evidence of occlusion (P < .001), and black race 
(P< .001) emerged as being statistically significant. 
However, the others, while not statistically significant, still 
showed effect. 

The effect of the presence of more than one of the risk 
factors is expressed by the product of the odds ratio of the 
factors that are present. For example, if congestive failure 
and Doppler ultrasound occlusion were both present, the 
new odds rat o would be 3.37 x 2.96, or 9.98. Only one of the 
types of inactivity can be used, because the two types are 
mutually exe usive. The maximum odds ratio is the product 
of all the odds ratios, using the more severe form of 
inactivity (tetal inactivity). This resulted in a value of 
57.54, meaning that, where all factors were present, the 
rate of confirned pulmonary embolism would be more than 
57 times greater than where none of the factors were 
present. The usefulness of the variables as predictors of 
pulmonary embolism was evaluated by determining the 


Maximum odds ratio with all factors present 
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Patients 
pare rrt 


Estimated Risk % of 
Category Total 
High (risk % > 1.8% | 545 


Medium (risk % 
> 0.92) 1,171 


Low (risk 96 < 0.92) 3,673 
Total 5,330 


ability of the battery of factors to discriminate high from 
low risk. 

The patients in the incidence group were reviewed in 
terms of presence or absence of the five risk factors and a 
value was computed for each combination of factors as 
estimated risk. Estimated risk was determined by 
multyplying the odds ratio for a combination of factors 
characterizing an ineidence subgroup by the rate of pulmo- 
nary embolism observed when no factors were present. The 
rate of combined pulmonary embolism when no factors 
were present was 0.22% (two pulmonary emboli in 922 
patients). The estimated risk where all factors were pres- 
ent was calculated to be 0.22 x 57.54, or 12.66%. Actually, 
seven patients shewed all factors, and there was one 
pulmonary embolism in this subgroup (14.29%). 

The percent of estimated risk, along with the observed 
outcome (nonoccurrence or occurrence of a confirmed 
pulmonary embolism) was tabulated for all patients, in 
descending order of estimated risk. We then divided the 
entire group of patients into three estimated risk catego- 
ries (high, medium, and low) so that each category would 
contain an approximately equal number of instances of 
confirmed pulmonary embolism. The results are shown in 
Table 3. 

By comparing tie percent of population to the percent of 
pulmenary emboli, Table 3 shows that the analysis was able 
to identify as high risk 10.24% of the population who had 
33.3% of all the cenfirmed emboli. If the high and medium 
risk groups were taken together, the analysis identified a 
little over 32% of the population as demonstrating 
increased risk and these patients accounted for almost 69% 
of the pulmonary emboli. This same group contained nine 
of 12 emboli found at autopsy. 


COMMENT 


Patients were admitted into the study in a deliberate 
effort to maximize the number with pulmonary embolism. 
We were mostly interested in learning about risk factors, 
and not about natural occurrence of pulmonary embolism. 
For this reason, it should be understood that the selection 
of patients was biased and that the true occurrence of 
pulmonary embolism may be lower. This is suggested by 
the higher incidence of pulmonary embolism in consulta- 
tion entry patients. | 

Most instances of confirmation were made by pulmonary 


perfusion scanning. Compared to angiography and autop- — 


sy, this provides less direct evidence of actual embolization 
and may be associated with some false-positive results. We 
chose to include this form of confirmation in order to have 
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Confirmed Pulmonary Embolism 


(M oS 


% of 
No. at Total Abnormal 
Rate, % Autopsy Autopsies 


2.93 


1.45 
0.42 
0.90 (average) 





sufficiently large numbers to evaluate the numerous risk 
factors under consideration. Based on this broader defini- 
tion of confirmed pulmonary embolization, a multivariate 
analysis of risk factors permitted risk assessment that was 
able, with moderate success, to distinguish increased risk 
patients. A point that, we believe, helps to justify the use of 
this less rigorous definition of pulmonary embolism was 
the results obtained in correctly designating patients 
whose pulmonary emboli were confirmed by autopsy. The 
battery of variables correctly assigned nine of 12 patients 
with later abnormal autopsy findings of pulmonary embo- 
lism to the increased risk category. 

We encountered occasional problems in timing the occur- 
rence of pulmonary embolism. Several patients in the 
incidence group in whom pulmonary embolism developed 
had a history that, in retrospect, was suggestive of earlier- 
occurring pulmonary embolism. Instead of being incident 
group patients, they could appropriately be classified as 
late discovered prevalance patients. These findings reveal 
the difficulty in always establishing a clear time for 
occurrence. However, since the principle risk factors for 
incidence and prevalence were similar in the study, we 
believe that this type of error should not affect the final 
selection of major risk factors. 

Numerous factors have been mentioned as associated 
with venous thromboembolism. These have been reviewed 
recently™ and include AOB blood groups, alcohol, arthri- 
tis, chronic pulmonary disease, coagulation factors, dehy- 
dration, diabetes, hyperlipedemia, inactivity, infection, 
malignancy, nutrition, obesity, polycythemia, postopera- 
tive state, postpartum state, previous thromboembolism, 
race, seasonal variations, smoking, stasis, corticosteroid 
hormones and oral contraceptives, trauma, and varicose 
veins. In our approach to a study of risk factors, we 
attempted to reduce some problems of previous reports by 
specifically looking at pulmonary embolism, rather than 
venous thromboembolism in general. In addition, we 
employed an end point that went beyond clinical impres- 
sion. Finally, we employed multivariate analysis of risk 
factors. 

The use of multivariate analysis may explain why some 
factors previously considered to be important did not show 
strong effect. Some factors that, on single-variate analysis, 
appeared to be important, diminished in significance in the 
simultaneous consideration with other factors in the multi- 
variate analysis. This is a major reason for employing 
multivariate analysis. However, the factors found to be 
important in our study do not necessarily exclude other 
factors. There are at least two reasons why other factors 
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could be important. First, they may be more directly 
associated with venous thrombosis than pulmonary embo- 
lism per se. Second, they may be important in a population 
different from the one reported. 

We recognize three types of risk factors in regard to 
cause-and-effect relations in pulmonary embolism. First, 
factors may be associated with already existing pulmonary 
embolism. Second, factors may be potential predictors of 
pulmonary embolism. Third, faetors may have demon- 
strated capability of predicting. Inferences of a causal 
relation between risk factors and pulmonary embolism are 
least reliable with the first type, more so with the second 
type, and most reliable with the third type. 

In the study reported, the risk factors linked to the 
development of new pulmonary embolism in at-risk 
patients (incidence group) were of the second type. The 
factors were derived through experience gained during the 
course of the study. While they did, in fact, help to identify 
patients at higher risk for pulmonary embolism, the level 
of accuracy reported is based on an estimate, in retrospect, 
of the patients who had been examined previously during 
the study. Thus, they should be regarded as potential 
predietors, rather than proved predictors. 

Certain clinical inferences may be made from this study. 
First, the importance of three risk factors, all previously 
suspected, is reaffirmed. These factors are previous history 
of pulmonary embolism, congestive heart failure, and 
Doppler ultrasound evidence of deep venous thrombosis. 
Race as a risk factor, although statistically significant, 
needs further confirmation before it is used as a basis of 
preventative treatment. Race is not generally recognized 
as a risk factor, although it has been identified in black 
women by Arthes." The other risk factors found to be 
significant are well known and their presence probably 
calls for preventative treatment. 

Second, factors found to be important but not statistical- 
ly significant (inactivity and female sex) should still be 
eonsidered seriously. Their effectiveness in risk assess- 
ment may be greater in cireumstances in which one of the 
signifieant risk factors is unknown. 

Finally, it may be concluded that consideration of multi- 
ple factors does improve assessment of risk for pulmonary 
embolism, compared to reliance on evidence of lower 
extremity venous thrombosis alone. This has implications 
in making decisions about therapy. There is generally a 
trade-off between risk and effectiveness of treatment (ie, 
the more effective the treatment, the greater the risk of 
treatment complications). If this choice presents in the 
presence of multiple significant risk factors, a decision for 
more aggressive treatment may be indicated, because of 
the greater likelihood of pulmonary embolism occurring in 
the patient. 


This study was supported in part by grants HL11774 from the National 
Institutes of Health, Veterans Administration, and The John A. Hartford 
Foundation. 
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Editorial Comment 


This is an elegant prospective epidemiologic study of the risk 
factors in pulmonary embolism. The authors are careful to point 
out that this is an assessment of the risk of pulmonary embolism, 
not of the risk of thromboembolic disease, which may account for 
the insignificance of some factors previously considered impor- 
tant. 

There are aspects of the methodology used that might cause 
concern. The study did not include all patients, but rather, a 
specific effort was made to select high-risk patients. Furthermore, 
a positive perfusion lung scan was accepted as evidence of 
pulmonary embolism and was the only evidence in the majority of 
cases. The authors address both of these criticisms and one must 
either accept or reject their arguments. 

From the ciinical standpoint, one may view this study as follows: 
if a patient has evidence of pulmonary embolism, the clinical 
response is therapeutic; if a patient has no evidence of pulmonary 
embolism, but has known risk factors, the clinical response is 
prophylactic; if the patient has neither evidence of pulmonary 
embolism nor risk factors, there is no clinical response. This study 
has reaffirmed certain risk factors that should evoke a clinical 
response, highlighting the fact that the effect of multiple risk 
factors is cumulative. Thus, even factors that may not be signifi- 
cant alone can assume significance as a constellation of risks. 
These considerations should help the clinician in the decision for or 
against prophylactic therapy. 

GARDNER W. SMITH, MD 
Baltimore 
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Clinical Notes 


Late Appearance of 


Intra-abdominal Abscesses After Total 
Colectomy for Inflammatory Bowel Disease 





Richard E. Burney, MD; Birgir Gudjonsson, MD; C. Elton Cahow, MD; Howard M. Spiro, MD 


è intra-abdominal abscesses after colon surgery usually 
appear within eight weeks. Over the past few years, we have 
observed nine patients who underwent colectomy for inflamma- 
tory bowel disease in whom large and relatively asymptomatic 
abscesses developed, requiring surgical drainage as long as 
three to five years after the operation. In five patients, there was 
no report of intraoperative complications such as perforation or 
fecal spillage. At the time of discharge from the hospital, all 
patients were afebrile. In three of these patients, abscesses were 
discovered when they were readmitted to the hospital for elective 
abdominal procedures; most of the others had localized abdom- 
inal pain. 

(Arch Surg 114:195-197, 1979) 


p abscesses after colon surgery usually 
appear within the first six to eight weeks, their 
presence heralded by a stormy, febrile postoperative 
eourse. Intensive antibiotic therapy can attenuate these 
manifestations, but surgical drainage is almost always 
necessary. In some patients, however, an intra-abdominal 
abscess may not be as dramatic an event. Over the past few 
years, we have observed nine patients in whom large and 
relatively asymptomatie abscesses developed that required 
surgical drainage as long as three to five years after 
colectomy for inflammatory bowel disease. In this report, 
we call attention to this little recognized phenomenon. 


REPORT OF CASES 


The patients, six men and three women, ranged in age from 16 
to 63 years (Table) Seven had ulcerative colitis and two had 
Crohn's colitis, all confirmed at pathological examination. The 
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duration of disease before colectomy ranged from eight months to 
27 years, with an average of 5.3 years. Eight patients had been 
receiving steroid therapy for one month or more before operation; 
one patient had never received steroids. Five of the nine patients 
received preoperative antibiotic coverage; eight received antibiot- 
ies postoperatively for five to ten days only. Indications for the 
primary operation included failure of medical therapy or an acute 
exacerbation of existing disease. No patient in this report under- 
went emergency colectomy for uncontrollable bleeding, perfora- 
tion, or toxic megacolon. Five operations were carried out on a 
semiemergency basis, 36 to 72 hours after the decision to operate 
had been made. 

Abdominoperineal proctocolectomy was carried out in three 
patients, total abdominal colectomy with pelvic dissection from 
above in three, and subtotal colectomy, leaving the oversewn 
rectum below the peritoneal reflection, in three patients. An 
ileostomy was fashioned in all patients. 

An uncomplicated abdominoperineal proctectomy was per- 
formed in one patient eight months after subtotal colectomy; in 
this patient, abscess formation is dated from the time of the 
second procedure. | 

In five patients, there was no report of intraoperstive complica- 
tion, perforation, or fecal spillage, nor were abscesses or fistulas 
described. Multiple occult perforations were present in two 
patients, multiple perineal fistulas in one, and fecal contamination 
of the pelvic cavity was described in one operative report. During 
the postoperative period, steroid therapy was tapered over several 
weeks and then discontinued in eight patients, but was continued 
in lower doses for three months in one patient. 

At the time of discharge from the hospital, all patients were 
afebrile. Three patients had drainage from perineal sinuses, and 
one from an abdominal sinus as well. In two patients, draining 
abdominal sinuses developed after discharge. In one patient, a 
perineal abscess spontaneously drained one month after operation 
and again one month later. In another patient, a perineal abscess 
drained five months after operation. One patient underwent 
laparotomy for mechanical small bowel obstruction three months 
after colectomy, and two patients underwent perineal proctectomy 
for a small anorectal remnant eight and ten months after colecto- 
my, but none of these had complicating perioperative infections, 
nor was there evidence of intra-abdominal infection at any of 
these interval laparotomies. 
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" Patients With Intra-abdominal Abscesses After 
m Operative Prolonged 
W l Duration P-ocedure and Postoperative 
E Patient/ of Steroid Indication and Findings at Antibiotic Steroid 
E Age/ Sex Diagnosis Disease Therapy Classification Operation Therapy Therapy 
$ | 1/17/F Ulcerative 1yr 1 mo Failure of medical Total a»xdominoperineal Broad-spectrum, No 
Pe colitis therapy, semi- colectomy, no abscess or postoperatively 
[o emergent perforation, fecal spill in 
P pelvss 
E 2/42/F Ulcerative 3 yr 3 yr Deteriorating status, Subtccal colectomy, Postoperatively No 
: colitis semiemergency mul"iple fistulas, and 
E sites of perforation, 

EE proctectomy 8 mo later 

E 3/37/F Granu- 18 yr Intermittent Deterioration despite Total »roctocolectomy, Preoperatively and No 
lomatous medical therapy, mu tiple rectoperineal postoperatively 

1 - ileocolitis semiemergent fist 1las 

e£ 

E7 

: 4/ 53/M Ulcerative ?1yr No Semielective No perforation or soilage Postoperatively No 

A colitis reported, subtotal 

k coectomy, ileostomy 

is 5/63/M Ulcerative 27 yr Yes Severe exacerba- Abdominoperineal resec- Preoperatively and Yes 

E colitis tion, ? cancer ticn, no spillage or IV postoperatively 

" under poor perforation 

|, medical control, 

a semielective 

s 6/16/ M Ulcerative 155 yr Yes Failure of medical No spillage or perforation Preoperatively No 

33 colitis therapy, semi- reported, total colectomy 

[n emergent 

^ 7/27/M Granu- 10 yr Yes Poor medical con- Subtotal colectomy, no Preoperatively and No 
m. lomatous trol, semielective imtraoperative soilage postoperatively 
E ileocolitis 
E 8/19/M Ulcerative 2 yr Yes Failure of medical Total abdominoperineal None Tapered 

colitis therapy, semi- colectomy, no soilage 
; elective 
9/47/M Ulcerative 8 mo Yes Failure of medical Perforated cecum, Preoperatively and No 
colitis therapy, acute transhepatic flexure postoperatively 


exacerbation, 
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The interval between colectomy and clinical recognition of an 
abscess ranged from 7 to 68 months, with an average of 26 months. 
À mass was present on physical or roentgenographic examination 
in six patients, fever was noted in four, and localized abdominal 
pain in five. Five patients had small cutaneous draining sinuses, 
but in no patient were enterocutaneous fistulas present. There 
was no evidence of recurrent disease in the two patients with 
Crohn's disease. 

The striking feature was the relative absence of symptoms. 
Although one patient had Gram-negative septicemia and shock, 
most patients were relatively asymptomatic. Two patients had 
noted relatively recent weight loss, and another a plateau in 
weight gain. In three patients, abscesses were discovered when 
they were readmitted to the hospital for elective abdominal 
procedures—one preoperatively, one during an attempted comple- 
tion proctectomy, and the third during inguinal herniorrhaphy. 

Four abscesses lay in the retroperitoneum as psoas or anterior 
extraperitoneal collections, three abscesses were intra-abdominal 
or pelvie, two were ischiorectal or perineal, one was in the 
abdominal wall, and one patient had multiple abscesses in the 
intra-abdominal, pelvic, and subhepatic locations. The estimated 
size of these abscesses was 150 to more than 500 ml. Cultures 
yielded a variety of Gram-positive and Gram-negative organisms. 
All patients survived the drainage procedures and are doing well 
at the present time. 


COMMENT 


In distinct contrast to the patient with the postoperative 
development of persistent fever, malaise, and, in three to 
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six weeks, the classical signs of abscess with spiking fever, 
tachycardia, weight loss, anorexia, pain, and a mass,' the 
patien-s described in this report were generally gaining 
weight and doing well for extended periods of time before 
the re*ognition of an abscess. Seven of the nine patients 
had net been receiving steroids for more than six months, 
and ne patient was receiving long-term antibiotic therapy. 
In ony one patient was spiking fever a prominent sign, 
altho.gh in retrospect most patients had had low-grade 
temperature elevations. Leukocytosis with a WBC count 
above 18,000/cu mm was not seen; instead, WBC counts 
ranged from 9,000 to 12,000/cu mm. 

Wky the abscesses initially developed and were not 
clinically apparent is of interest. The type of colectomy 
does not appear to have been of importance, nor indeed was 
age er sex. Eade and Brooke? reported portal bacteremia in 
24 of 138 patients undergoing colectomy for ulcerative 
colits, in four of whom intra-abdominal sepsis subsequent- 
ly developed. In all patients, intraoperative contamination 
presumably was the underlying cause of the abscesses that 
subsequently appeared. Because total colectomy violates all 
four quadrants of the abdomen as well as the retroperito- 
nea and pelvic spaces, abscesses could be expected in any 
or all of these locations. In three patients, abscesses were 
located in or near the site of recognized perforation, 
intraoperative spillage, or contamination. Indeed, in three 
patients, sinus tracts opened or drained intermittently 
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Total Colectomy for Inflammetory Bowel Disease 


Interval Duration 
Persistent Problems Before Symptoms and Signs Location of 
at Discharge Abscess of Abscess and Size Follow-up Comment 
Perineal sinus 3 yr Pain, sinus drainage, pelvic Intra-abdominal pelvic 55 yr Pelvic abscess drained sponta- 
mass neously 5 mo postoperatively; 
episodes of “pelvic cellulitis” 1 
and 3 mo before abscess found 
Left lower quadrant 10mo Left lower quadrant mass, intra-abdominal Two abscesses completely separate; 
abdominal and fever, increased sinus 5-kg weight gain 
perineal sinuses drainage 
19 mo Right lower quadrant and Retroperitoneal, 4yr No communication ever demon- 
flank pain, Gram-negative > 500 ml strated with ileostomy 
sepsis and shock 
Perineal drainage 7 mo Perineal pain, no fever Perineal and ischiorectal, 4% yr Perforated toxic megacolon; 

350 ml therapy 1 yr before with ileostomy 
and transverse colostomy; stormy 
course; well at time of colectomy; 

| 10.5-kg weight gain 
Minimal rectal 9 mo Palpable, fluctuant masses, Multiple intra-abdominal 4% yr Weight gain of 9.1-kg postopera- 
drainage fever, WBC count, sinuses, abscesses, subhepatic tively had stopped; patient 
weight gain ceased and pelvic readmitted for completion 
proctectomy 
Perineal abscesses 1 yr Left hip pain, left inguinal Psoas abscess, 9 yr Patient admitted for elective herni- 
drained sponta- mass, weight loss 500-750 ml orrhaphy when abscess noted; 
neously twice in first steroid therapy for temporal 
2 mo postoperatively arteritis; weight gain of 5 kg 
before abscess 
Exploratory laparotomy 5 yr Right flank pain, fever, mass Retroperitoneal abscess, 3% yr Perineal proctectomy 10 mo after 
for obstruction 3 mo on upper gastrointestinal 00 ml colectomy; 7.2-kg weight gain 
postoperatively tract 
Perineal fistulas 14 mo None Abdominal-pelvic 4 yr Explored for completion abdomino- 
healed d abscess, < 100 ml perineal proctectomy; 4.5-kg 
weight gain postoperatively 
No problems 2-3 yr Local drainage from sinus Perineal 4 yr 11.4-kg weight gain postoperatively; 
primary healing of all wounds 
Sinus 20 mo Sinus Abdominal wall, 150 ml 14 mo Perineal proctectomy 8 mo after 
colectomy 
68 mo Abdominal and back pain Anterior retroperitoneal, 2.7-kg weight gain 


500 ml 


soon after operation and persisted until the abscesses were 
recognized and drained. The extraperitoneal abscesses 
were located anteriorly, and there were multiple bacteria 
grown in the cultures, suggesting their enteric origin." 
Why the abscesses were so long delayed remains conjec- 
tural. In a report on complications in a large series of 
patients with Crohn's disease, Steinberg et al‘ mentioned 
three patients in whom there was no evidence of recurrent 
disease who nevertheless had abscesses “several years 
after operation.” They attributed the abscesses directly to 
complications of operation. Rosenberg? emphasized the 
way in which antibiotic therapy alters the presentation of 
subphrenie abscesses, citing five instances in which anti- 
biotic treatment in tae acute phase may have led to a 
chronie, indolent inflammatory process attended by "rela- 
tively mild subsequent illness with few physical signs." We 
suspect that antibiotie therapy in our patients similarly 
altered abscess development. All of Rosenberg's patients 
had severe suppurative complications in the immediate 
postoperative period, requiring protracted antibiotic treat- 
ment; in this respect, these patients differ from our 
patients, who had relatively benign postoperative courses 
and brief antibiotic therapy. It is impossible to say whether 
the abscesses developed only after a long delay or whether, 
although present earlier, they remained indolent and unde- 
tected for up to severa! vears. Deep-seated intra-abdomi- 
nal abscesses, especially those in subhepatic and extra- 
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peritoneal locations, can be difficult to detect in spite of 


usual roentgenographic studies. Recent reports’ indicate 


that abdominal ultrasonography and computerized tomo- 
graphy may give accurate diagnostic help, and such 
patients as we have described here may be seen less 
frequently in the future. Nevertheless, in the absence of 
severe symptoms and signs, the clinician may not turn to 
these useful diagnostic maneuvers. 

Regardless of the reasons for the late appearance of 
abscesses, we call attention in this report to the relatively 
delayed occurrence of intra-abdominal abscess in patients 


who have undergone apparently curative operation for 


inflammatory bowel disease and to their relatively minor 
manifestations. 
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Presplenectomy Transcatheter 


Occlusion of the Splenic Artery 


Jonathan M. Levy, MD; Paul Wasserman, MD; Nicholas Pitha, MD 


e Transcatheter splenic artery occlusion can be performed 
rapidly and safely prior to splenectomy. This procedure reduces 
splenic bulk and decreases intraoperative bleeding. Patients not 
operated on after transcatheter splenic artery occlusion have 
had high mortality, and therefore the procedure should probably 
not be considered unless splenectomy is contemplated. An 
illustrative case is reported. 

(Arch Surg 114:198-199, 1979) 


D recent years, interventional angiography has assumed 
a role in the therapy of abdominal disorders. Methods 
of transcatheter occlusion have been devised for the control 
of bleeding, as well as for palliation and preoperative 
obliteration of tumors.' Transcatheter splenic infarction 
has been attempted by several investigators, but results 
have generally been poor.'? We believe that splenic infarc- 
tion should not, at present, be used as an end-stage 
procedure in patients needing such treatment. However, 
this technique does have utility in reducing splenic bulk, 
decreasing intraoperative bleeding, and increasing platelet 
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count prio^ to splenectomy. We report an illustrative 
case. 


REPORT OF A CASE 


A 29-year-old man was admitted to the hospital with a diagnosis 
of myelofibrosis and severe pancytopenia. He had a recent history 
of increasing transfusion requirement, needing up to 4 units of 
packed RB2s weekly. Transfusions were complicated by the 
developmert of multiple antibodies, making cross-matching 
progressivey difficult. At the time of admission, laboratory 
findings were as follows: WBC count, 1,600/cu mm; differential 
cell count, 2 immature lymphocytes, occasional blast forms, 3 
metamyelozytes, 21 lymphocytes, 6 bands, and 17 polymorphonu- 
clear leukczytes. There were nucleated RBCs in the peripheral 
smear, and the reticulocyte count was 0.1%. Hemoglobin level was 
6.1 g/dl; kematocrit value, 18%; platelet count, 7,000/cu mm. 
Physical examination disclosed pallor and massive splenomegaly. 
Because of the lack of response of the pancytopenia to exogenous 
steroid and androgen therapy, the patient was deemed to be a 
candidate “or splenectomy. It was explained to the patient that the 
risks were quite high, and that there was no assurance that the 
surgery would result in a prolonged RBC survival. He chose to 
proceed. 

Because of the thrombocytopenia and extreme bulk of the 
spleen, preoperative splenic artery occlusion was suggested to 
decrease splenic size and lessen the chance of bleeding during 
surgery. Accordingly, a splenic arteriogram was done. This 
demonstrated an enormous spleen, which measured approximately 
30 em ir greatest diameter (Fig 1). Five Wallace-Gianturco 
vascular ecclusive coils? were placed through the catheter into the 


Fig 1.—Splenic arteriogram. Left, Arterial phase. Note large spleen with normal vasculature. Right, Venous phase. Note huge splenic 


bulk. Splenic and portal veins are normal. 
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Fig 2.—Left, Postocclusion plain abdominal roentgenogram. Five vascular coils can be seen in splenic 
anery. Right, Postocclusion aortogram. Hepatic and both renal arteries are filled. Note occlusion of 
spien c artery. 


splenic artery. An aortogram, performed after the coil insertion, 
showed occlusion of the splenic artery (Fig 2). The procedure took 
approximately 30mninutes, and required no medication other than 
local anesthesia at the puncture site. 

Approximately eight hours after the angiographic occlusion 
procedure, a splenectomy was done. Because of the short period of 
time between splenic artery occlusion and splenectomy, no change 
in platelet coun’ was anticipated. Therefore, no postocclusion 
blood cell counts were obtaimed. There was no undue bleeding at 
surgery, and the-patient tolerated the procedure well. The spleen 
measured 21 cm in greatest diameter, and weighed 1,550 g. The cut 
surface showed s mcttled appearance consistent with early splenic 
infarction. Posteperative blood cell counts fluctuated, but there 
was clear indication of improvement, with the WBC count rising 
from 1,600/cu mm preoperatively to the 3,000 to 4,000/cu mm 
range after spleneetomy. Platelet count rose to 40,000/cu mm. 
Hemoglobin anc hematocrit values stabilized at 7 g/dl and 20%, 
respectively, and continued transfusion requirement as an outpa- 
tient decreased to approximately 2 units/wk. 


COMMENT 


Maddison’ was the first to report transcatheter splenic 
artery occlusion in 1973. Usual seuqelae of the procedure 
include abdominal pain, paralytie ileus, fever, and left 
pleural effusion. These may all subside without treatment. 
However, approximately half of the patients described in 
the literature died, either as a direct result of the procedure 
or with a late complication of splenic infarction. ^ Causes 
of death incuded splenic rupture and massive sepsis. 
Because of this incidence of postinfarction mortality, we 
believe that ‘he spleen must be surgically removed when 
the patient’s condition permits. 

Autologous clot, absorbable gelatin sponge (Gelfoam), 
polyvinyl spenge (Ivalon), and intravascular coils have 
been used to produce splenic infarction.*** When a perma- 
nent result is cesired, small particles should be injected 
into peripheral splenic vessels, since collateral circulation 
will revascularize the spleen if only the main splenic artery 
is oecluded.*" However, angiographic control of small parti- 
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cles is less than optimal, and patients have suffered gastric 
and pancreatic necrosis after splenic infarction. This is 
probably due to reflux of particles into end arteries 
perfusing those organs.* Placement of the vascular coil is 
easily controllable, and such complications can therefore be 
avoided. 

In our patient, the procedure was performed to decrease 
splenie size and to lessen the threat of intraoperative 
bleeding. These objectives can be readily accomplished 
with the vascular coils. The procedure is considerably 
shorter in duration, patient discomfort is less, and compli- 
cations are fewer than when Gelfoam or Ivalon is used. 


CONCLUSION 


Transcatheter splenic artery occlusion can be rapidly and 
safely performed prior to surgical splenectomy. This proce- 
dure can reduce splenic size and decrease intraoperative 
bleeding in patients with hypersplenism and thrombocyto- 
penia. Transcatheter splenic infarction should probably not 
be considered as an end-stage procedure at this time. 
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.. Brief Summary. Consult the package literature for prescribing information. 


E Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

y- Lower respiratory infections. including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae). Haemophilus influenzae, 
Klebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing). beta-hemolytic streptococci. and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species. Klebsiella 
species. group D streptococci (Note: Most enterococci, e g.. S. faecalis. 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli. S aureus (penicillinase and non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicillinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae. E. coli, Enterobacter species, and P mirabilis 

Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 

. ease in females, lower respiratory infections, and skin infections frequently 

reveal the growth of susceptible strains of both aerobic and anaerobic orga- 

nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro: however, infections caused by susceptible strains have been treated 
successfully. 

Pe Specimens for bacteriologic cultures should be obtained in order to isolate 

¿and identify causative organisms and to determine their susceptibilities to 

- cefamandole. Therapy may be instituted before results of susceptibility studies 

are known; however, once these results become available, the antibiotic treat- 

. ment should be adjusted accordingly 

In certain cases of confirmed or suspected gram-positive or gram-negative 
Sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified, Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 

- . biotics may be given, depending onthe severity of the infection and the patient's 

. condition. The renal function of the patient should be carefully monitored, 

— — especially if higher dosages of the antibiotics are to be administered 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days 





|». . Contraindication: Mando! is contraindicated in patients with known allergy to 
ra the cephalosporin group of antibiotics. 


—  — Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
x QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS. 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
-  TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
i — ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 

_ OTHER EMERGENCY MEASURES. 
In newborn infants, accumulation of other cephalosporin-class antibiotics 

— (with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended. especially in seriously ill patients 
receiving maximum doses. 

- Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
|... organisms. Careful observation of the patient is essential. If superinfection 
—.. occurs during therapy, appropriate measures should be taken 

i Nephrotoxicity has been reported following concomitant administration of 

aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
-Or Fehling’s solution or with Clinitest" tablets but not with Tes-Tape” (Glucose 
.. Enzymatic Test Strip. USP. Lilly). There may be a false-positive test for pro- 
E: teinuria with acid and denaturization-precipitation tests. 

3 —. Usage in Pregnancy — Safety of this product for use during pregnancy has 
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not been established. 
na Usage in Infancy—Mandol has been effectively used in this age group. but 
— — all laboratory parameters have not been extensively studied in infants between 
X one and six months of age: safety of this product has not been established in 
- — A prematures and infants under one month of age Therefore. if Mandol is ad- 
ministered to infants, the physician should determine if the potential benefits 
|. A Outweigh the possible risks involved 


Adverse Reactions: Hypersensitivity - Maculopapular rash, urticaria, eosino- 
philia, and drug fever have been reported. These reactions are more likely to 
occur in patients with a history of allergy. particularly to penicillin 

Blood —Neutropenia and thrombocytopenia have been reported rarely. 
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Some individuals have developed positive direct Coombs tests during treat- 
ment with the cephalosporin antibiotics 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been noted. 

Kidney— Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalosporins, transitory 
elevations of BUN have occasionally been observed with Mandol: their fre- 
quency increases in patients over 50 years of age. In some of these cases, 
there was also a mild increase in serum creatinine 

Local Reactions — Pain on intramuscular injection is infrequent. Thrombo- 
phlebitis occurs rarely 


Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefamandole is 500 mg to 1 gm every four to eight hours. 

In infections of skin structures and in uncomplicated pneumonia, a dosage 
of 500 mg every six hours is adequate. 

In uncomplicated urinary tract infections, a dosage of 500 mg every eight 
hours is sufficient. In more serious urinary tract infections, a dosage of 1 gm 
every eight hours may be needed. 

In severe infections, 1-gm doses may be given at four to six-hour intervals. 

In life-threatening infections or infections due to less susceptible organisms, 
doses up to 2 gm every four hours (i.e.. 12 gm per day) may be needed. 

Infants and Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible to Mandol.This may be increased to a total daily doseof 150 mg/kg 
(not to exceed the maximum adult dose) for severe infections. (See Warnings 
and Precauttons for this age group ) 

Note: As with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymptomatic or after evidence of bacterial eradication has been obtained; a 
minimum of ten days of treatment is recommended in infections caused by 
group A beta-hemolytic streptococci in order to guard against the risk of rheu- 
matic fever or glomerulonephritis; frequent bacteriologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infection and may 
be required for several months after therapy has been completed; persistent 
infections may require treatment for several weeks: and doses smaller than 
those indicated above should not be used. 

Impaired Renal Function —When renal function is impaired. a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial dose of 1to 2 gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment, severity of infection. and 
susceptibility of the causative organism 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 


Life-Threatening 
Creatinine Clearance Renal Function Infections — Less Severe 
(ml/min/1.73 m?) Maximum Dosage Infections 


Normal 


| 0.75-1.5 gm 
Mild Impairment q6h 


Moderate 
Impairment 


Severe 


Impairment 1.25 gmq 8h 


Marked 0.67 LA Sh 0.5-0 75 gm 


Impairment qi2h 


1gmqi2h 
05gmq8h 
OR 0.25-0.5 gm 


075gmq 12h qten 


When only serum creatinine is available, the following formula (based on 
sex. weight. and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function. 

Weight (kg) x (146 — age) 

72 x serum creatinine 

Fernales: 0.9 x above value 


Males: 


How Supplied: Vials Mandol* (cefamandole nafate, Lilly), for Injection, 500 mg 
and 1 gm (equivalent to cefamandole activity), 10-ml size. in packages of 1 and 
Traypaks™ (multivial cartons, Lilly) of 25; 2 gm (equivalent to cefamandole 
activity). 20- ml size, in packages of 1 and Traypaks of 10; 1 and 2 gm (equiva- 
lent to cefamandole activity), 100-ml size, in Traypaks of 10. (101378] 


Additional information available 


L to the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 
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Preoperative Chemotherapy for Initially 


Unresectable Hepatoblastoma in Children 


Survival in Two Cases 


Keiichi Ikeda, MD; Sachiyo Suita, MD; Akira Nakagawara, MD; Kazuaki Takabayashi, MD 


* In two children with hepatoblastoma, response to chemo- 
therapy permitted subsequent surgical resection. Initially, in 
both patients, the tumor was thought to be unresectable because 
of size and/or extent. Chemotherapy with vincristine sulfate and 
cyclophosphamide resulted in substantial reduction in tumor 
size, and laparotomy for excision was performed after nine 
months and four months of therapy, respectively. 

In case 1, the tumor was localized in the right hepatic lobe and 
the right hepatic lobectomy was performed. In case 2, the tumor 
was located in both right anc left lobes, but was encapsulated 
and it was possible to enucleate the tumor with complete gross 
excision. Both children are living and well without evidence of 
recurrence of tumor 11 and Z3 months after operation. 

(Arch Surg 114:203-207, 1979) 


Ithough there are reports of long-term survival after 
major hepatic resection for hepatoma in children,'? 
only a few cases in which en initially unresectable hepato- 
ma has become resectable after chemotherapy with or 
without radiation therapy have been reported.*"' This 
article describes the response to chemotherapy in two 
children with initially unresectable hepatoblastomas that 
were converted to a resectable status. 


REPORT OF CASES 


Case 1.—A male infant weighing 2,700 g was born July 18, 1975, 
the result of a full-term pregnancy and normal delivery. At 8 
months of age, he was noticed to have abdominal distention, with a 
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hard mass in the right upper abdomen. The mass gradually 
increased in size and he was examined by one of us (K.T.) at age 14 
months. Physical examination at this time showed no abnormali- 
ties except for a bulging liver palpable four fingerbreadths below 
the right costal margin. Laboratory findings included normal 
standard liver function tests and an elevation of the serum 
a-fetoprotein level (51,200 ng/ml). The liver scan showed a very 
large filling defect in the right lobe. A tentative diagnosis of 
hepatoblastoma was made, and since the tumor seemed unresect- 
able because of its size, chemotherapy with vincristine sulfate was 
started (0.5 mg x 2, 1.0 mg x 7, and 1.25 mg x 20) as shown in 
Fig 1. Oral cyclophosphamide was administered at a dosage of 50 
mg/day from the age of 19 months. Except for alopecia and slight 
weakness of the legs, no toxic manifestations of the chemothera- 
peutic agents were noted. Two months after the beginning of 
chemotherapy, the liver became much smaller, and calcification 
was noticed in the plain abdominal roentgenogram. On physical 
examination at 23 months of age, although the patient had 
alopecia and slight weakness of both legs, he appeared healthy and 
was without fever and jaundice. The edge of the liver was palpated 
with two fingerbreadths at the right costal margin. Findings from 
blood tests, urinalysis, and liver function tests all remained in the 
normal range. A plain roentgenogram of the abdomen showed 
several small areas of calcification in the right lobe of the liver as 
shown in Fig 2. A liver scan with gold Au 198 showed a filling 
defect in the right hepatic lobe. Abdominal angiograms disclosed 
an irregular shape of the right hepatic artery with neovascular 
encasement. The mass was supplied by the branches from the 
middle hepatic artery. 

Nine months after chemotherapy was begun, the patient was 
operated on. The tumor appeared to be localized to the right 
hepatic lobe and had a nodular surface. There was no invasion to 
the surrounding tissues, including the inferior vena cava. A right 
hepatic lobectomy was performed. The resected specimen was 
10.5 x 6.0 x 5.5 em in size and 470 g in weight with encapsulation. 
The cut surface of the tumor contained several areas of calcifica- 
tion. 
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Fig 1.—Clinical course in case 1. Treatment and changes of serum a-fetoprotein level. VCR indicates vincristine sulfate; EDX, 


cyclophosphamide. M indicates month (October). 


Histological study showed mixed-type hepatoblastoma with 70% 
well-differentiated (fetal type) and 30% poorly differentiated cell 
types (embryonal type) and calcifications (Fig 3 and 4). 

The postoperative course was uneventful. Additional chemo- 
therapy was instituted, with vincristine sulfate, 1.5 mg/sq m/wk 
and cyclophosphamide, 25 mg/day. The serum a-fetoprotein level 
returned to normal range very rapidly, as shown in Fig 1. A 
postoperative angiogram and hepatic scintigram, both taken one 
month after operation, showed no evidence of residual tumor. 
Examination 11 months after operation showed no evidence of 
tumor recurrence, and the serum a-fetoprotein level was less than 
5 ng/ml. 

Case 2.—An 11-year-old girl had been well until April 5, 1976, 
when abdominal pain developed and abdominal distention was 
noticed by her mother. The next day she was examined by one of 
us (K.T.). Physical examination showed only a firm mass in the 
epigastrium that extended to the right upper abdomen. Findings 
from laboratory tests, including serum electrolytes, bilirubin, 
prothrombin time, serum protein, complete blood cell count, and 
urinalysis, were normal. a-Fetoprotein level was normal, and 
urinary vanilmandelie acid level was also normal. The liver scan 
showed a large filling defect in the middle of the liver. An 
intravenous pyelogram showed that the right kidney was 
displaced upward. A tentative diagnosis of malignant liver tumor, 
either hepatoblastoma or hepatic neuroblastoma, was made; but 
because of the large size of the tumor, it was thought to be 
unresectable. The patient, therefore, received chemotherapy with 
vincristine and cyclophosphamide. The tumor showed a gradual 
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Fig 2.—Plain abdominal roentgenogram in case 1 taken two 
months after beginning of anticancer chemotherapy shows area 
of calcification in right lobe region. 


decrease in size, which was confirmed by liver scans as shown in 
Fig 5 (top left, top right, and bottom left). The total dose of 
chemotherapeutic agents given before operation was 33 mg of 
vineristine sulfate and 400 mg of cyclophosphamide. Physical 
examination at four months after chemotherapy showed a body 
weight of 34 kg and a height of 149 em. Except for complete 
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Fig TE cn eppearance ce tumor in case 1. eRe half of 
this photomicrograph shows an area of poorly differentiated type 
(embryonal type) hepatoblastoma; remaining half shows well- 
differentiated type [fetal type) hepatoblastoma (hematoxylin- 
eosin, original magnification x 200). 





Fig 5.—Liver scan obtained in case 2. Top left, Pretreatment liver 
scan shews huge filling defect taking up both lobes. Top right, 
Liver scan at two months after beginning of anticancer chemo- 
therapy shows slight reduction of filling defect. Bottom left, 
 Preoperative liver scan taken four months after beginning of 
anticancer chemotherapy shows substantial reduction of filling 
defect. Bottom right, Liver scan taken 19 months postoperatively 
shows no filling defect. 


alopecia and some muscle weakness in her legs, physical examina- 
tion was unremarkable. No abdominal distention was noticed and 
the liver was not palpable. The findings of blood tests, urinalysis, 
and liver funetion tests were all normal. An intravenous pyelo- 
gram also showed nermal findings, without displacement of the 
right kidney. Urinary vanilmandelic acid level was normal. Serum 
a-fetoprotein level was 4.85 ng/ml, which is in the normal range. 
An angiogram disclesed the neovascularity of the right hepatic 
artery, and in the venous phase, congestion and avascular areas 
. were also noticed. A plain roentgenogram of the abdomen showed 
slight eventration of the right diaphragm. 

Four months after chemotherapy was begun, laparotomy was 
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"a 4. AN EEEa with areas of calcification, osteoid tissue, 
and necrosis in case 1 after anticancer chemotherapy (hematox- 
ylin-eosin, original magnification x 100). 


performed. The tumor was found to involve both lobes. There were 
no metastatic lesions in the liver or elsewhere. It was possible to 
enucleate the tumor with complete gross incision. The size of the 
tumor was 8.0 x 7.0 x 5.0 cm, and it weighed 150 g (Fig 6). 
Histological study disclosed an immature type (anaplastic) of 
hepatoblastoma (Fig 7). 

The postoperative course was uneventful, except for weakness 
of both legs. A liver scintigram done at 19 months after operation 
showed no evidence of recurrence or residue of the tumor as shown 
in Fig 5, bottom right. 


COMMENT 


It is recognized that radical surgery is the treatment 
likely to result in long-term survival in children with 
malignant liver tumors. 

In the survey of the Surgical Section of the American 
Academy of Pediatrics,” 78 of the 129 patients with malig- 
nant neoplasms of the liver had complete excision of the 
tumor with intended cure; of these, 45 survived with a 
follow-up of two to ten years. In the same series, 51 


children were managed by simple biopsy or incomplete 


resection and none from this group survived. Among the 98 
patients with hepatocellular carcinoma in this series, 12 of 
the 33 patients in whom the tumor was resected survived, 
whereas none of the 65 patients with nonresected tumors 
survived. 

In the Kyushu University, Fukuoka, Japan, series, nine 
of the 14 patients with hepatoma had liver resection and 
six of them are surviving. Among the six surviving 
patients, for two of them it has been 13 and 9 years, 
respectively, since resection. 

The primary malignant tumors of the liver in infants 
and children are almost all either hepatoblastoma or hepa- 
tocellular carcinomas of the adult type. Hepatoblastoma 
occurs in infants and children younger than 3 years of age. 
Among patients with hepatocellular carcinoma, there seem 
to be two peaks, one occurs in those younger than 4 years of 
age and the second occurs in those between 12 and 15 years 
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Fig 6.—Gross appearance of the tumor after complete enuclea- 
tion in case 2 shows encapsulation. 


of age. Hepatoblastomas are further classified histopatho- 
logically into three types: well differentiated (fetal), poorly 
differentiated (embryonal), and immature (anaplastie).'^"? 
Except for the occasional patients with well-differentiated 
(fetal) hepatoblastoma, the prognosis for all children with 
malignant hepatic tumor is poor. In our series, five of the 
six surviving patients had histologically well-differen- 
tiated tumor cell types. 

Our policy for the treatment of the hepatomas in chil- 
dren, based on our overall experience with 14 cases, is 
as follows: In patients with good general health, if the 
tumor is localized in one lobe (confirmed by selective 
angiography and liver scintigram), immediate radical 
operation is indicated. If complete resection of the tumor is 
possible, we believe that it is unnecessary to use postoper- 
ative chemotherapy with or without radiation therapy in 
the patients with well-differentiated (fetal type) hepato- 
blastomas. On the other hand, aggressive postoperative 
chemotherapy with or without radiation therapy is indi- 
cated in the patients with incomplete resections of well- 
differentiated types (fetal types) of hepatoblastoma and 
also in all patients with poorly differentiated (embryonal) 
hepatoblastoma, immature type (anaplastic) hepatoblasto- 
ma, or adult type hepatocarcinoma. In the patients with 
unresectable hepatomas of any type (because of size and/ 
or extent confirmed by angiography and liver scintigram), 
chemotherapy with vincristine and cyclophosphamide for 
systemic effect is the preferred treatment; surgical resec- 
tion of the tumor will follow when the tumor shows a 
decrease in size. In these cases, we prefer not to do 
exploratory laparotomy for histological diagnosis because 
of poor prognosis due to intraperitoneal invasions, postop- 
erative ileus, and/or hemorrhage. Preoperative irradiation 
also is not indicated, since the liver of the young child 
seems to be more sensitive to radiation damage and 
develops fibrosis after radiation. In case of no effects 
with chemotherapy for systemic effect, arterial infusion of 
the anticancer chemotherapeutie agents with vincristine, 
5-fluorouracil, and doxorubicin hydrochloride (Adriamycin) 
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Fig 7.—Histological appearance in case 2 shows immature type 
(anaplastic type) of hepatoblastoma (hematoxylin-eosin, original 
magnificaton x 200). 


may be tke procedure of choice. This may be combined with 
ligation cf the hepatic artery and gradual occlusion of the 
portal ve n using an arterial constrictor.'*'* Resection of 
the tumor will be followed. Postoperative radiation therapy 
is used for palliation, as needed, such as when the residual 
tumor is 10ticed in the cut edge of the normal liver. 

Malignant hepatic tumor in children has poor response to 
chemotherapy and radiation therapy in contrast with other 
solid tumors in children, such as Wilms' tumor or rhabdo- 
myosarcama where good response to this treatment can be 
obtained. Recently, however, several articles have reported 
substantial reductions in tumor size after chemotherapy 
with or without radiation therapy.""' As Lascari* pointed 
out, however, these should be differentiated from the 
hepatic n2uroblastoma, especially in the patient who is less 
than 1 year old. Hepatic neuroblastoma in infants occasion- 
ally shovs only the hepatic lesion without evidence of 
primary :esions. In these cases, the histological findings 
are also similar to those of the hepatoblastoma. In our 
second case, hepatic neuroblastoma was also considered 
preopera-ively; it was diagnosed as hepatoblastoma, imma- 
ture type, by histological study. 

Exelby et al? reported that in their series, 53 patients had 
chemotherapy and radiation therapy. Three of them who 
had initially unresectable tumors had curable resection 
after chemotherapy and radiation therapy. Fegiz, et al' 
Hasegawa,’ Herman and Lonsdale, Kumar et al,’ Okabe,” 
and Shafer and Selinkoff'' also reported similar cases of 
successful resection after chemotherapy with or without 
radiation therapy. As for the chemotherapeutic agents, 
vincristire, cyclophosphamide, 5-fluorouracil, and mitomy- 
cin (mitemycin C) were chosen by them. Sauer et al" 
reported that in their series, a 9-month-old girl with 
hepatoblastoma was treated with radiation therapy and 
chemotherapy only, and she has been free from the tumor 
for 17 months without operation. Sauer et al recommend 
that doxorubicin is the most feasible agent for such 
unresectable tumors. 

The cases reported here are rare in that chemotherapy 
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alone worked very effectively to make the tumor smaller 
and operable. Also it is a very interesting finding that in a 
plain roentgenogram of the abdomen in case 1, a small area 
of calcification was noticed in the right lobe of the liver, 
with a relative decrease in the size of the tumor at two 
months, after the beginning of anticancer chemotherapy. 
This area of calcification showed a gradual increase in 
density and in size, with a substantial decrease in the size 
of the tumor. Herman and Lonsdale? reported similar 
findings of calcification in a patient with hepatoblastoma 
after chemotherapy. We, therefore, believe that the ap- 
pearance of a calcification in the hepatic tumor is a good 
indieation of the results of anticancer chemotherapy. 
Estimation of the serum a-fetoprotein level is not only 
useful in the diagnosis of hepatoma, it is also useful in 


evaluating tumor regression, the response to chemothera- 
py, and the eventual appearance of metastasis or recur- 
rence.'^ It is difficult to explain why the serum a-fetopro- 
tein level remained high until the tumor was completely 
resected, whereas the size of the tumor showed a substan- 
tial decrease with chemotherapy in case 1. We can only say 
that these chemotherapeutic agents may have had some 
effect in partially destroying the hepatoblastoma before it 
was surgically removed; therefore, aggressive chemothera- 
py should be used in cases of unresectable hepatoblastoma 
in children. 


Nonproprietary Names and Trademarks of Drugs 


Doxorubicin hydrochloride—Adriamycin. 
Vincristine sulfate—Oncovin. 
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Pneumoperitoneum and 


Pneumoretroperitoneum 


Consequences of Positive End-Expiratory Pressure Therapy 


Adele R. Altman, MD, Thomas H. Johnson, MD 


e Patients receiving positive end-expiratory pressure (PEEP) 
therapy should be considered at risk for pneumoperitoneum. In 
the four patients described, chest roentgenographic demonstra- 
tion of pulmonary interstitial gas and pneumomediastinum, 
frequently but not always associated with pneumothorax, 
preceded the dissection of gas into the abdominal cavity. Neither 
prompt intubation of the pleural space with reexpansion of 
the lung in the event of pneumothorax nor decrease in the PEEP 
applied precluded dissection of gas from the mediastinum into 
the retroperitoneal and peritoneal spaces. This sequence of 
roentgenographic events should strongly suggest pneumoretro- 
peritoneum and pneumoperitoneum as a sequela to PEEP thera- 
py rather than a ruptured viscus. 

(Arch Surg 114:208-211, 1979) 


his is a report on four patients in whom retroperitone- 

um or pneumoperitoneum developed while they were 
being treated with mechanically assisted ventilation using 
positive end-expiratory pressure (PEEP) therapy. One 
patient was subjected to exploratory laparotomy. 

The spontaneous occurrence of subdiaphragmatic gas 
usually denotes rupture of an intra-abdominal hollow 
viseus. When free intra-abdominal gas occurs in the acute- 
ly ill patient, perforation of a stress ulcer is usually 
suspected and exploratory laparotomy is frequently 
performed.' 

Pneumoperitoneum is an infrequent consequence of 
PEEP therapy. The clinical observations of Hammon? and 
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subsequent work of Macklin and Macklin? elucidated the 
mechanism of gas dissection from the lung to the medias- 
tinum and into the peritoneal cavity as a complication of 
diverse pulmonary diseases, such as tuberculosis, asthma, 
and emphysema. A similar pathophysiology explains pneu- 
moretroperitoneum and pneumoperitoneum occurring in 
patients with severe respiratory distress supported by 
PEEP therapy. 


REPORT OF CASES 


Betweer September 1974 and December 1977, 40 months, 92 
patients were supported by PEEP therapy in the intensive care 
units of University Hospital, Oklahoma City. Infradiaphragmatic 
gas dissection (retropneumoperitoneum, pneumoperitoneum) de- 
veloped in four of these patients. 

Case 1.—A 32-year-old woman was transferred to University 
Hospital fcr treatment of pneumonia, respiratory failure refracto- 
ry to oxygen inhalation therapy, and acute cor pulmonale. On 
admission, Sept 15, 1974, the chest roentgenogram showed border- 
line cardiomegaly and bilateral alveolar consolidation. Staphylo- 
coccus septicemia and Escherichia coli urinary tract infection 
were diagnosed by culture. Despite appropriate treatment, hypox- 
ia increased, and the patient became hypotensive. Serial chest 
roentgenograms showed progressively more extensive bilateral 
pulmonary consolidation. Three days after admission, the arterial 
oxygen saturation could not be maintained above 50% despite 65% 
oxygen inhalation. The patient was intubated and controlled 
ventilation was begun with a volume ventilator. Five hours after 
PEEP therapy at 10 cm H,O pressure was instituted, the chest 
roentgenogram showed interstitial gas bilaterally, without hyper- 
inflation cf the lungs or apparent clearing of the pneumonic 
consolidation. Peak inspiratory pressure information is not avail- 
able. Positive end expiratory pressure was gradually increased to 
25 cm H,O pressure, as attempts to maintain arterial oxygen 
saturation at lower pressures were unsuccessful. On Sept 28, 1974, 
pneumomediastinum was diagnosed roentgenographically. Eight 
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Fig 1.—Case 1. Retroperitoneal gas outlines lateral margin of liver 
(arrow). Pulmonic interstitial cas is present. There is mediastinal 
emphysema (arrowneads) and subcutaneous emphysema. Bilat- 
eral thoracostomy tubes are in place. Right lung is inflated, left 
subpulmonic pneumothorax persists. Note gas dissection outlin- 
ing lateral margin of descending thoracic aorta (double-tailed 
arrows), route of gas cissection from mediastinum to retroperito- 
neum. 


days later, the chest reentgenogram showed hyperinflation of the 
right lung, then a r gh: pneumothorax. The lung reexpanded after 
chest intubation. Subsequently, a left pneumothorax was similarly 
treated. 

The following day, retroperitoneal gas was identified on the 
chest roentgenogram (Fig 1). The patient continued in respiratory 
failure, but showec no clinical signs of a ruptured viscus. Laparot- 
omy was not performed. Two weeks later, she suffered cardiac 
arrest and died. Final summary suggested viral pneumonia with 
bacterial superinfection. An autopsy showed no evidence of a 
ruptured viscus. 

CASE 2.—A 21-year-old cachectic woman was transferred to 
University Hospital from a psychiatrie institution for treatment 
of respiratory failure. She was a known schizophrenie with 
anorexia nervosa who had refused all nutriment. She contracted 
pneumococcal pneumonia that did not respond to appropriate 
antibiotic therapy. 

Admission chest roentgenogram on March 5, 1976, showed 
extensive bilatera: lower lobe pneumonia. Breathing 100% oxygen 
did not relieve the hypoxia. The patient was intubated and a 
volume ventilator was used for controlled ventilation with PEEP 
therapy at 5 em EO pressure. Peak inspiratory pressure informa- 
tion is not available. The next day a chest roentgenogram showed 
pulmonary interstitial gas and mediastinal gas. Three days later, 
chest roentgenogram showed bilateral pneumothoraces that were 
treated with bilateral thoracostomy tubes. 
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Fig 2.—Case 2. Retroperitoneal gas outlines medial margin of left 
kidney (Couble-tailed arrows). Intraperitoneal gas is seen beneath 
diaphragm (arrows). Mediastinal emphysema (arrowheads) and 
large quantities of subcutaneous gas are present. Bilateral thora- 
costomy tubes are in place, pneumothoraces persist. 


Positive end-expiratory pressure therapy was continued at 
pressures varying from 2 to 10 em H,O. Despite bilateral pleural 
space intubation, the lungs only partially reinflated. Three days 
later, retroperitoneal and intraperitoneal gas was demonstrated 
roentgenographically (Fig 2). The patient lived ten more days, but 
clinical symptoms or signs of a perforated viscus did not develop. 
No autopsy was performed. 

CASE 3.—A 23-year-old man was brought to the trauma unit at 
University Hospital semicomatose and in shock after a motorcycle 
accident on Oct 27, 1977. He had sustained basilar skull fractures 
with cerebral contusion, right pneumohemothorax due to rib 
fractures, and hemoperitoneum. He was intubated, and a chest 
tube wes placed with reexpansion of the right lung. At laparoto- 
my, a celonic serosal tear was repaired and a lacerated spleen was 
removed. Postoperatively, vital signs stabilized although the 
patient remained comatose. 

On Nov 1, 1977, the temperature spiked to 39.8 °C, due to 
Klebsie'la pneumonia, in the right lower lobe. The following day, 
septic shock, severe hypoxia, and respiratory alkalosis developed. 
He received appropriate antibioties and replacement therapy for 
an elee-rolyte imbalance secondary to mild renal failure. Intermit- 
tent centrolled ventilation therapy with PEEP at 5 em H,O 
pressure was begun and the peak inspiratory pressure was 
measured between 35 to 40 em H.O. 

Within 24 hours, the chest roentgenogram showed bilateral 
pneumonia and a subpleural bleb above the right hemidiaphragm. 
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Fig 3.—Case 3. Mediastinal emphysema and subcutaneous 
emphysema preceded appearance of subdiaphragmatic gas 
(arrows). Note gas dissection outlining lateral wall of descending 
thoracic aorta (arrowheads). 


Fig 5.—Case 4. Pulmonary interstitial gas is present. There is 
mediastinal emphysema (arrowheads) and free gas beneath 
diaphragm (arrows) but no pneumothorax. 
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Fig 4.—Case 3. Colon is opacified several hours after water- 
soluble radiopaque contrast medium was instilled into stomach. 
Lateral masgin of descending thoracic aorta is outlined by gas 
(arrowheads) dissecting from mediastinum into retroperitoneum. 
Falciform |gament of liver is outlined by intraperitoneal gas 
(arrows). Subcutaneous emphysema is seen in right flank. 


There was no infradiaphragmatic gas. Positive end-expiratory 
pressure wes increased to 10 em H,O. By Nov 5, 1977, chest 
roentgenogram showed interstitial gas, mediastinal gas, and gas 
in the soft tissue over the chest. Two days later, a small left 
pneumothorax was treated by thoracostomy tube. As the patient’s 
respiratory and metabolic imbalances stabilized, PEEP was 
titrated between 0 and 8 cm H.O. On Nov 12, 1977, free air was 
identified beneath the diaphragm on the chest roentgenogram 
(Fig 3). A water-soluble radiopaque contrast medium was admin- 
istered via rasogastric tube. Two films of the abdomen obtained 
with the bedside roentgenogram unit showed no extravasation, 
but free intraperitoneal and extraperitoneal gas and large quan- 
tities of subcutaneous gas were identified (Fig 4). The patient was 
still comatos2, precluding adequate clinical evaluation. 

Abdomina exploration was performed: no ruptured viscus was 
found. Positive end-expiratory pressure therapy was discontinued. 
His clinical condition slowly improved. Three months after admis- 
sion, he was discharged to a rehabilitation center. No signs or 
symptoms of a ruptured viscus or peritonitis were elicited in the 
interval. 

Case 4.—A 62-year-old woman was admitted for treatment of 
pneumonia on Dec 4, 1977. Chest roentgenogram showed bilateral 
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basilar consolidation, subsequently proved to be pneumococcal 
pneumonia. 

Despite supportive therapy, including appropriate antibiotics 
and 70% to 80% oxygen inhalation therapy, respiratory failure 
developed two days later. The patient was intubated and 
controlled ventilation was begun with a volume ventilator with 
PEEP at 4 cm H,O pressure. The peak inspiratory pressure was 
measured at 43 to 48 cm H,O. 

Positive end-expiratory pressure was raised in increments to 15 
cm H.O n the ensuing two days. The chest roentgenograms 
showed progressively more extensive pneumonic consolidation 
despite bilateral hyperexpansion of the lungs. The peak inspirato- 
ry pressure remained approximately 45 cm H,O. Interstitial gas 
was seen on Dec 8, 1977, followed by pneumomediastinum. To 
maintain adequate arterial oxygen saturation, PEEP was raised 
to 18 cm H,O. On Dec 11, 1977, chest roentgenogram showed free 
air beneath the diaphragm (Fig 5). There was no pneumothorax. 
Gas dissection from the mediastinum was diagnosed by the 
consulting surgeon. No surgery was performed. The next day, 
massive subeutaneeus emphysema was evident. Positive end- 
expiratory pressure therapy for respiratory failure was main- 
tained for five more days, then gradually discontinued as the 
patient's condition improved. She remained under observation for 
another month and no evidence of intra-abdominal ruptured viscus 
was noted. 


COMMENT 


The differential diagnosis of pneumoperitoneum in- 
cludes the following: perforation of a hollow viscus, infec- 
tion due to gas producing bacillus; status postabdominal 
surgery. laparoscopy, or tubal insufflation; association 
with pneumotosis cystoides intestinalis; and rupture of an 
emphysematous lung bleb adjacent to the diaphragm with 
passage of gas into the abdomen.’ To this list, we would 
like to add pulmonary alveolar rupture during mechanical- 
ly assisted ventilation with PEEP therapy." 

One cf the now well-recognized consequences of PEEP 
therapy is the so-called “air leak” phenomenon, which 
means rupture of an alveolar air cell into the perivascular 
and peribronchial interstitial tissue (pulmonary interstitial 
gas {Radiographic manifestations of pulmonary interstit- 
ial gas may be extremely subtle, particularly in patients 
with extensive lung disease.'*]). The gas then dissects into 
the mediastinum. Pneumothorax may occur concomitantly 
or subsequently. Once gas has entered the mediastinum, it 
can dissect freely into the neck, then into the subcutaneous 
tissue frequentiy extending into the abdominal wall. 
Unless blocked by some previous fibrotic mediastinal 
process, gas from the mediastinum has free access to the 
retroperitoneal space by way of the aortic and esophageal 
diaphragmatic hiatuses.*'* From the retroperitoneal space, 
gas may dissect into the peritoneal cavity. 

The occurrence of such alveolar rupture is not directly 
related to the amount of ventilatory pressure applied.* 
Rather this complieation is related to the condition of the 
lung se that unequal hyperventilation of one lung, or a 
segment of a lung, in the presence of patchy or diffuse 
pulmonary disease, seems to predispose to the "air leak" 
phenomenon." Thus, loss of pulmonary compliance with 
decreased recoil, the so-called "stiff lung" syndrome, seems 
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to be a common denominator in our four patients. 


Once pneumomediastinum develops in a patient receiv- 


ing PEEP therapy, gas may leak into the peritoneal cavity. 
In the event of pneumothorax, even prompt intubation of 
the pleural space and reexpansion of the lung does not 
prevent gas dissection into the abdominal cavities. Intra- 
peritoneal gas elevates the diaphragm causing further 
compression of the lung, augmenting and potentiating the 
alveolar rupture and gas dissection. Progressive abdominal 
distention ensues.” 

Gas in the abdominal cavity may simulate acute abdom- 
inal conditions requiring surgical intervention; a laparoto- 
my may be mistakenly performed. The difficulty of 
making the diagnosis is further complicated because the 
patient receiving PEEP therapy is bedridden, and abdom- 
inal roentgenograms made with the mobile roentgeno- 
graphic unit are frequently suboptimal. 

Infradiaphragmatic air dissection in patients receiving 
PEEP therapy occurs infrequently: we observed four 
instances in 92 patients (4.8%). In these four patients, the 
serial roentgenograms showed a constant pattern of 
events: First, pulmonary interstitial gas, second, pneu- 
momediastinum and subcutaneous emphysema, and subse- 
quently, infradiaphragmatic gas dissection (pneumoretro- 
peritoneum and pneumoperitoneum). One patient showed 
infradiaphragmatic gas dissection without having pneu- 
mothorax develop. In two patients, gas dissection in the 
lateral para-aortic tissue was seen roentgenographically. 
Since PEEP-associated pneumoperitoneum or pneumore- 
troperitoneum is benign, laparotomy is not indicated. 


G. Rainey Williams, MD, reviewed this paper. Louise Reese typed the 
manuscript. 
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Brief Clinical Notes 


Meckel's Divertieulum of the 


Proximal Jejunum 


George R. MeSwain, MD, Marion C. Anderson, MD 


è There are no well-substantiated reports, to our knowledge, 
of a Meckel's diverticulum arising outside the limits of the 
terminal ileum. We saw a diverticulum located in the proximal 
jejunum that fulfilled the anatomic and histologic criteria for the 
diagnosis of a Meckel's diverticulum. This was an incidental 
finding during the treatment of a sliding esophageal hiatus 
hernia and caused no apparent difficulty to the patient. 

(Arch Surg 114:212-213, 1979) 


ince the first complete description and explanation of 
the embryological origin by Johann Meckel in 1809, 
numerous reports have described the wide variation in size 
and length, as well as complications, ectopic tissue, tumors, 
and diseases, manifested by Meckel's diverticula. The 
single constant feature has been the location on the 
antimesenteric border of the terminal ileum, 45 to 90 cem 
proximal to the ileocecal valve. 


REPORT OF A CASE 


A 61-year-old man was admitted for treatment of chronic reflux 
esophagitis. The barium swallow roentgenogram also demon- 
strated incidental findings of a small diverticulum in the fourth 
portion of the duodenum and a large diverticulum, measuring 5 em 
in diameter, in the proximal jejunum (Fig 1). 

The patient underwent a modified Nissen fundoplication repair 
of his esophageal hiatus hernia. The jejunal diverticulum origi- 
nated precisely on the antimesenteric border of the proximal 
jejunum, 10 cm distal to the ligament of Treitz, and communicated 
freely with the lumen of the jejunum. The blood supply arose from 
the normal mesenteric arcades and crossed the wall of the jejunum 
in a separate mesenteriolum to enter at the base of the diverticu- 
lum (Fig 2). Histological examination confirmed that the divertic- 
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ulum contained all layers of the intestinal wall. The mucosa was 
consistent vith that normally found in the jejunum, and there was 
no ectopic tissue noted on multiple sections. There was no evidence 
of acute o^ chronic inflammatory reaction associated with the 
diverticulum either on gross or microscopic examination. 





Fig 1.—Upper gastrointestinal roentgenogram demonstrating 
small duodenal and large jejunal diverticula. 
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Omphalomesenteric 
Vessels in 
E Mesenteriolum : 


Fig 2. —Meckel's diverticulum arising 10 cm. distal to ligament. of 
. Treitz. Note origin om antimesenteric border and blood supply 
crossing intestinal wa!l in mesenteriolum. 


COMMENT 
Gba understanding of the embryologie origin 


of Meckels diverticulum defines the criteria for this 
diagnosis as a diverticulum that arises on the antimesen- 


teric border of the small intestine and contains all layers of- 


the intestinal wall; it is a remnant of the omphalomesen- 
teric or vitelline duct. Furthermore, it must have a sepa- 
rate blood supply, eriginating from the mesenteric vessels 
but crossing the intestinal wall, sometimes in a small 


mesenteriolum (Fig 3), to supply the diverticulum; these 


are remnants of the omphalomesenteric or vitelline 
vessels. ' 


The structures mest frecuently confused with Meckel’s 


diverticula are small bowel diverticula and duplications. 
Small bowel divertieula are false diverticula that do not 


contain all layers of the intestinal wall. They are found | 


along the mesenteric border of the intestine, usually within 
the leaves of the mesentery, and do not have a separate 


blood supply. Duplications contain all the layers of the 
intestinal wall, but are found along the mesenteric border 


of the intestine and do not have a separate blood supply. 


The most proximal location that is well established asthe 
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Fig 3.—Closeup of Meckel's diverticulum, FAEROE separate 


blood supply in mesenteriolum. 


site of origin for a Meckel's diverticulum was 167 em from 


the ileocecal valve.? During the 19th and early 20th century, 
there were scattered reports of Meckel's diverticula origi- 


nating from numerous sites of origin. Review of these case 
reports disclosed that the exact anatomical and histological 
findings were poorly described, frequently because of 
marked inflammation and tissue necrosis. In some cases, 
gastrointestinal diverticula of other types and origins were 


. reported erroneously as Meckel's diverticula. 


The mechanism of origin suggests that a Meckel's 
diverticulum might arise anywhere within the boundaries 
of the midgut. The ultimate position would depend on the 
relative growth of intestine proximal and distal to the 
remnant of the omphalomesenteric or vitelline duct. 


Leslie B. Arey, DSe, PhD, LLD, assisted in reviewing this article. 
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Cholangitis With a Silver Lining 


William E. Walker, MD, PhD; George R. Avant, MD; Vernon H. Reynolds, MD 


€ Acute obstructive cholangitis developed secondary to a 
common duct stone formed around a silver hemostatic clip, 
introduced at cholecystectomy two years previously, that had 
migrated from a long cystic duct remnant. Stone formation 
around a silk suture is well known, and silver clips in the area of 
. the porta hepatis may constitute a similar hazard. 

(Arch Surg 114:214-215, 1979) 
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Fig 1.—Tomographic intravenous cholangiogram showing faintly 
outlined common duct and no definite abnormality. Several silver 
clips are seen. No cystic duct remnant is perceptible. 
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holecystectomy for chronic calculous cholecystitis 
nornally affords patients permanent relief of symp- 
toms, but a small percentage of them return with sympto- 
matic extrahepatic biliary disease. This is related often to 
common Guct stones or stricture of the common duct, and 
occasionally to a long cystic duct remnant. This report 
describes an unusual type of common duct stone following 
cholecystectomy. 


REPORT OF A CASE 


A 63-yea--old woman was admitted with a fourth attack of 
upper abdominal pain, vomiting, chills, and fever two years after 
cholecystectomy for acute gangrenous cholecystitis. Between 
these attacxs, she had had intermittent postprandial colicky 
epigastric pain and occasional nausea and vomiting. She was 


Fig 2.—Endoscopic retrograde cholangiogram clearly demon- 
strating common duct and radiolucent filling defect surrounding 
silver clip. Long cystic duct remnant is filled by dye, and several 
silver clips ere adjacent to it. 
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Fig 3.—Left, Stone specimen. Right, Radiogram showing silver 
clip within stone. 


jaundiced without the stigmata of chronic liver disease, and had 
right upper quadrant abdomimal tenderness without palpable 
mass. The temperature was 39.4 °C rectally. On admission, total 
serum bilirubin level was 4.7 mg/dl, and serum concentrations of 
alkaline phosphatase and SGOT were elevated. Abdominal roent- 


genogram showed only several silver clips in the right upper 


quadrant. Treatment comprised nasogastric suction, parenteral 


fluids, and administration of gentamicin and ampicillin intrave- - 
nously. The fever resolved and liver function values returned 


toward normal, and on the fif-h hospital day, an intravenous 
cholangiogram (Fig 1 showed ne definite abnormality. Endoscop- 
ie retrograde cholangiography (Fig 2) showed a radiolucent filling 
defect in the common duct that eppeared to surround a silver clip. 
In addition, a long cystic duct remnant was seen. The stone (Fig 3) 
was removed at laparotomy, and the cystic duct remnant excised. 
Several other silver dips were imbedded within its wall. She is 
currently doing well two years following surgery. 
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COMMENT 


The likely diagnosis in this patient with fever, jaundice, 
and abdominal pain was acute cholangitis with some 
predisposing obstructive condition of the biliary system. 
The unremarkable intravenous cholangiogram was surpris- 
ing, and had operation been undertaken without the 
benefit of endoscopic retrograde cholangiography, it is 
possible that the cystic duct remnant might have been 
missed, allowing subsequent stone formation by the same 
mechanism. 

The finding of a silver clip as the nidus for common duct 
stone formation has not, to our knowledge, been described 
before. Silk suture can be the cause of secondary choledo- 
cholithiasis, and erosion of the bile duct wall by silk seems 
to be favored by infection.' Most reported instances have 
followed cholecystectomy and not common duct explora- 
tion.” 

A long cystic duct remnant may be the cause of postcho- 
lecystectamy symptoms, and may be the site of formation 
of stones that subsequently produce cholangitis and block 
the common duct.” 

Cholangitis in this instance was due to erosion of the 
cystic duct remnant by a silver clip, with subsequent stone 
formation. Use of absorbable suture material and amputa- 
tion of the cystic duct close to its origin will prevent such 
complications. 


James Waldron, MD, provided Fig 3. 
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Experimental Surgery 


Portalization of Venous Blood of 
Kidneys and Adrenal Glands 


Effect in Experimental Vasorenal Hypertension 


A. S. Kogan, MD, DSci; A. M. Gontchar, MD, PhD; P. V. Matveev; 
M. I. Protsenko; O. N. Tsyss, MD, PhD 


e The study concerns the effect of angiotensin Il when infused 
into the systemic and portal blood flow on the general and renal 
hemodynamics in normal dogs and in hypertensive dogs, as well 
as the effect of the operation of portacaval transposition (PCT) 
on the course of renovascular hypertension. When peptide is 
infused at a rate that causes a moderate pressor effect into the 
systemic blood flow of normal dogs, an antidiuretic and antina- 
triuretic effect is obtained, whereas in hypertensive dogs an 
increase of diuresis, natriuresis, and a less distinct pressor 
effect are obtained. When angiotensin II is infused into the portal 
flow, a less distinct pressor and renal effect is seen in dogs with 
renovascular hypertension. The operation of PCT of the vessels 
results in a hypotensive effect in the dogs with renovascular 
hypertension. 

(Arch Surg 114:216-220, 1979) 


3: enis of the known data on the role of renin- 
angiotensin-aldosterone system in the pathogenesis 
of arterial hypertension and on the active participation of 
liver in the metabolism of hormones makes one believe that 
shunting of blood outflowing from the kidneys and adre- 
nals into the liver may have a hypotensive effect in arterial 
hypertension.'? 

The task of the present study was to check the effect of 
portacaval transposition on the course of vasorenal hyper- 
tension in chronic experiments on dogs. 


MATERIALS AND METHODS 


Long-term experiments were done on 58 mongrel dogs of both 
sexes. Preliminarily, the dogs had been accustomed to the experi- 
mental conditions for 1.5 to two months, and their control investi- 
gation was carried out. The operative preparation of the dogs 
(stage 1) consisted in making urinary bladder fistula, production 
of vasorenal hypertension by means of bilateral constriction of the 
renal arteries (CRA) to two thirds of their diameter, and angios- 
tomy of the portal vein (the distal end of the catheter emerged 
under the skin of the back). Portalization of blood outflowing from 
the kidneys and adrenal glands was carried out by means of 
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portacaval transposition (PCT) of the vessels. The scheme of PCT 
is shown in Fig 1. The operation technique corresponded essential- 
ly to that described by Child et al* and Schwartz et al.’ 

To check the systemic hemodynamics, phonocardiogram, kineto- 
phonocardiogram, and sphygmogram were recorded simultaneous- 
ly from tae femoral artery. 

Stroke volume was calculated by a physical method. The princi- 
ple of this method is based on the relation between the stroke 
volume, pulse pressure, and elastic resistance of the aorta. The 
calculation was made according to Broemser and Ranke": 


V = Z[1,333Q(P, — P)ST|/CD 


where U s the stroke volume; Z, correction coefficient equal to 0.6; 
Q, area of aorta cross-section (sq em); 1,333, coefficient of trans- 
formation of pressure into dynes; P,, true systolic pressure (mm 
Hg); Pı, diastolic pressure (mm Hg); S, duration of systole 
(seconds) D, duration of diastole (seconds); T, time of complete 
heart involution (seconds); and C, speed of passing of a pulse wave 
along the aorta (m/s). 

The area of aorta cross-section was estimated postmortem. The 
true systolic and diastolic pressure was measured by a tachyoscil- 
lographic method." The volume of the circulating blood was 
evaluatec by the method of dilution of T-1824 dye. 

The eff eiency of the operations on blood vessels was checked by 
roentgenogram. The renal blood flow was investigated with 
iodopyraeet (Diodrast), and the glomerular filtration and tubular 
reabsorp-ion, by inulin clearance. Blood and urine electrolytes 
were estimated by flame photometry. Endogenous aldosterone 
concentration was determined by a radioimmune assay using 
radioimmune technology kits. Incubation and drawing standard 
curves was carried out aecording to the manuals applied to the kits. 
Counting the samples was done with a radiospectrometer. 

During the control studies, a comparative investigation of 
pressor and renal effects of systemic and portal angiotensin II 
infusion was done. In different series of experiments, the rate of 
infusion of the peptide was 9, 27, and 50 ng/kg/min for 60 
minutes. The solution was infused by means of a micropump. The 
experimental blood and urine samples were taken on the 30th and 
60th minutes of infusion. The arterial pressure was recorded every 
five minutes. 

In the first series (30 experiments), the influence of the 
aforementioned doses of the systemic angiotensin II infusions on 
the hemedynamics and renal function of healthy dogs was studied. 
In the second series, (11 experiments), angiotensin infusions were 
done only in the portal system of healthy dogs. In the third series 
(12 experiments), systemic infusions of the peptide were done to 
dogs with vasorenal hypertension. The fourth series (five experi- 
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ments) was carried out on dogs with vasorenal hypertension in 
which the angioten-ir II infusions were performed intraportally. 
The third and the fcurth series of experiments were done ten to 12 
days afterCRA. In the fifth series, PCT was done to six dogs with 
developed vasorenal hypertension. A group of 13 dogs with 
vasorenal hypertensions was fcllowed up for a month as control to 
this series. 


RESULTS AND COMMENT 


An experimental analysis of the pressor and renal effect 
of systemic infusions of angiotensin II at the rates of 9, 27, 
and 50 ng/kg/mir to healthy dogs demonstrated that, for a 
comparative evaluation of its effect in systemic and portal 
administration, tae -nfusion rate of 27 ng/kg/min is the 
most adequate, since systemic infusions at the rate of 
9 ng/kg/min resulted in an elevation of arterial blood 
pressure by only 14 mm Hg, and only slight changes of 
renal hemodynamics and excretory function. 

Infusion of angiotensin II at the rate of 27 ng/kg/min 
into the systemic blood flow of healthy dogs led to eleva- 
tion of mean arterial pressure by 28 mm Hg by the 30th 
minute, and by 32 mm Hg by the 60th minute (Fig 2). In 
these cases, there was a decrease in urinary output and in 
the rate of sodium excretion with urine, connected not as 
much with the deerease of the rate of glomerular filtration 
and of the renal plasma flow as with the increase in the 
active reabsorptien of sodium and water in the tubuli 
under the influence of the peptide, which was noticed by us 
earlier.'^ 

When the angiotensin II was administered into the 
portal vein of healthy dogs, by the 30th minute of infusion, 
the mean arterial pressure increased by 10 mm Hg, and by 
the 60th minute had increased by 11 mm Hg (Fig 2). This 
was accompanied bv some less pronounced changes in 
urinary output and sodium excretion than when the 
peptide was infused into the systemic blood flow. 

Keeping in mind the ultimate goal of our work, we were 
especially interested in similar experiments under the 
conditions of a permanent arterial hypertension. When the 
angiotensin II was infused at the rate of 27 ng/kg/min 
into systemic blocd f ow of dogs with vasorenal hyperten- 
sion, the mean arterial pressure increased by 10 mm Hg, ie, 
much less than ir similar experiments on intact dogs. It 
was noteworthy that by the 60th minute of infusion of the 
peptide to hypertensive dogs, there was a more pronounced 
increase in sodium excretion (from 197 + 88 to 932 + 31 


 mEq/min/sq m (Table). 


An analysis of these data according to Cannon’s formula 
(Cxa/Ciawiin X 100) has shown that the recorded changes in 
sodium excretion were caused mainly by the decrease in 
sodium reabsorptien in the tubuli and depend very little on 
the changes of filtration in the glomeruli. 

When the peptice was infused into the portal cireulation 
of the dogs with vaserenal hypertension, the mean arterial 
pressure rose by only 8 mm Hg by the 30th minute and did 
not differ significantly from the initial one on the 60th 
minute of the infusion. The change of urine output took 
place on the backgreund of a stable renal blood flow. The 
rate of the glomerular filtration increased significantly 
(P < .05) only by the 60th minute of the infusion. Sodium 
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excretion did not change significantly in these experi- | 
ments. D 

Thus, the infusion of angiotensin II into the portal vein - 3 
brought about less pronounced changes of arterial blood — — 
pressure and renal function than similar infusions of the — — 
peptide into the systemic blood flow. H 

These results are in accordance with the data of Methot 
et al," Abrams," Wernse and Fujii," and Hodge et al," in 3 J 
which by means of different techniques, the important role — 
of liver in angiotensin II metabolism was also demon- 
strated. | 

Before carrying out the operation of PCT in vasorenal 
hypertension, we studied its influence on renal function 
and hemodynamics of healthy dogs. It turned out that PCT 
does not bring about any significant changes of general 
and renal hemodynamics, diuresis, or electrolyte excretion. — 
At the same time, there was a decrease of aldosterone ——— 
concentration in peripheral blood from 19.5+0.7 to 
14.4 + 18 ng/dL. It should be added that substitution of — 
the portal circulation by the caval one maintains the total 
liver blood flow unchanged.**-* E 

Production of PCT in dogs with vasorenal hypertension 
brought about a significant (P < .05) decrease of both 
systolic and diastolic arterial pressure in three days after 
the operation (Fig 3). 

The analysis of hemodynamic parameters in dogs with 
hypertension that had undergone the operation of PCT 
showed that the minute stroke volume does not differ | 
significantly from the initial one. The constancy of the 
minute heart output on the first days after PCT was 
provided for (the effective blood volume being significant- 
ly lowered [P < .05]) by the increased pulse frequency. As — 
the effective blood volume increased, the pulse frequency — 
came back to the initial values (Fig 4). The circulating 3 
blood volume in the dogs of this group after PCT hada . - 
tendency to increase. On this background, there was a 
significant (P < .05) drop of the peripheral resistance to — 
blood flow against the control: from 3,087 +230 to 
2,308 + 146 dynes em^s ^'/sq m. It is probably just this 
hemodynamic effect that is the basis of the hypotensive — 
effect of the PCT." In its turn, the decrease of the 
peripheral resistance may depend on the metabolism of . 
angiotensin and aldosterone in the liver. E. 

It is necessary to add to the aforementioned given 
comparative data on the pressor and renal effects of the — 
portal and systemic infusions of angiotensin II, that — 
aldosterone concentration in peripheral blood drops almost __ 
by two times under the influence of PCT (Fig 5). These n 
data coincide with our previous studies on the concentra- —— 
tion of certicosteroids in the blood of the portal and hepatic 
veins after PCT in dogs with secondary hyperaldosteron- ^. 
ism and ascitic syndrome published earlier. Unfortunate- ^ 
ly, we have still no data on the intracellular electrolyte — a 
balance after PCT. However, there are some reasons to | 
believe that elimination of the secondary hyperaldosteron- 
ism mar contribute to the decrease of the sodium/ 
potassium ratio in the walls of blood vessels and to the — 
decrease of the peripheral resistance. It is noteworthy that — 
the substitution of the portal blood by that of the vena cava 
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K Fig 1.—Scheme of operation of portacaval transposition of blood 
vessels: 1, supradiaphragmal part of vena cava inferior; 2, liver; 3, 
intravenal part of vena cava inferior; 4, proximal part of portal 
vein; 5, vena cava inferior; 6, vena porta; 7, kidney; and 8, adrenal 
gland. 


3 130 
- 120 
o 
B. 110 
E. 100 
d 0 30 60 


Minutes 


Fig 2.—Changes of mean arterial pressure in healthy dogs in 
systemic and portal infusions of angiotensin II at rate of 27 
ng/kg/min: open bar indicates level of mean arterial pressure in 
healthy dogs; vertical lines, level of mean arterial pressure in 
angiotensin Il infusion into systemic blood flow; and horizontal 
lines, level of mean arterial pressure in angiotensin II infusion into 
portal blood flow. 
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inferior leads to such condition that the angiotensinase 
inhibitor, which according to Schwartz'* is present in the 
venous blood supplied to the portal vein, does not get to the 
liver. Under these conditions, there can take place an 
activation of liver angiotensinase and its elevated release 
into the general circulation. Indeed, in remote terms after 
PCT, we could notice that systemic infusions of angioten- 
sin II exert less pronounced pressor and renal effects." 

It is knewn that in the blood of the portal vein there are 


Effect of Angiotensin ll Infusion on 
Arterial Pressure and Renal Function of 
Nonenesthetized Dogs With Vasorenal Hypertension 


Angiotensin infusion 
Initial 
values, 
M+m 


30 min, 
M --m 


60 min, 


Variables M —- m 


Mean arterial pres- 


sure, mm Hg 132 + 1.3 140.0 + 1.3* 142.0 + 0.7* 


Urine output, mL / 





min/sc m 
Sodium excretion, 
pEq/min/sq m 

Effective renal 


196.6 + 87.6 435 + 24.8* 932 + 80.6* 


plasma flow, ml/ 
min/sc m 


381.2 + 9.4 407 + 3.0 421 + 12.8 


Rate of glomerular 
filtration, 
mL/min/sq m 

Water reabsorption, 
mL/min/sq m 

Sodium iiltration 
charge, 
mEq/min/sq m 

Share of reabsorbed 
sodium, % 

Plasma sodium, 
mEq/L 

Plasma potassium, 
mEq/L 


66.1 + 4.7 79.8 + 5.6* 91.1+ 4.4 


9.43 + 6.5 14.6 + 0.2* 14.1 + 0.6* 


98.6 + 0.4 96.9 + 0.4* 
147.0 + 1.4 


147.2 + 2.0 146 + 1.4 


3.88 + 0.4 3.8 + 0.3 





*Significant difference from initial values. 
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Fig 3.—Dynamics of changes of systolic and diastolic arterial 
pressure im dogs with vasorenal hypertension before and after 
portacaval transposition (PCT) of blood vessels. 
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Fig 4.—Changes of cardiac index and heart rate in dogs with vasorenal 
hypertension before and after portacaval transposition (PCT) of blood 
vessels. 


some biologically active substances having hypotensive 

effect, which as the result of PCT, get into the general 

circulation past the liver. , : Hypertension 
Thus, the effect of PCT in vasorenal hypertension may 

be caused by both metabolization of the angiotensin and | 

aldosterone in the liver and the increase of concentration 

of angiotensinase and hypotensive substances in the 

blood. 
Analyzing the obtained data, it is relevant to underline 

that it has been cemonstrated at the Institute of Cytology 

and Geneties of the Siberian Branch of the Academy of 

Sciences of USSR, Novosibirsk, that prolonged hormonal 


Fig 5.—Changes in concentration of peripheral plasma aldoste- 
rone in normal dogs and in vasorenal hypertension before and 
after portacaval transposition of blood vessels: open bar, aldos- 
terone level in healthy dogs; diagonal lines, aldosterone level in 
dogs with vasorenal hypertension; and horizontal lines, aldoste- 
. rone level in degs with vesorenal hypertension and portacaval 
transposition (FCT). 
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induetion of liver mierosomal enzymes not only does not 


lead to their depression, but on the contrary, activates 
‘them, and these enzyme systems maintain for a long time a 


high metabolie activity, eg, with respect to hydrocorti- 
sone." 
Thus, using the principle of "portalization" of blood 


72 outflowing from the kidneys and adrenal glands, one can 


achieve a considerable decrease of activity of hormonal 


4 pressor mechanisms. Together with the conventional meth- 


ods of suppression of biosynthesis and secretion of 
hormones and application of their competitive antagonists, 


- this gives a possibility of a different way of action on the 
_ pressor hormonal factors enhancement of endogenic 
=~ metabolism of these substances. 


From the clinical point of view, the aforementioned data 
may be of interest in connection with the situations that 
rule out any possibility of restitution of adequate arterial 


= blood flow in kidneys in vasorenal hypertension. Naturally, 








in many of such cases simpler variants of portalization 
than PCT can be used. 


CONCLUSION 


In comparison with angiotensin II infusions into the 


— general circulation, similar infusions into the portal vein 
exert considerably smaller pressor and renal effect. Portal- 


ization of blood flowing out of kidneys and adrenal glands 
brings about a drop of arterial blood pressure in vasorenal 


arterial hypertension. The effect of PCT is based on the 
= metabolization of angiotensin and aldosterone in the liver, 
— which results in elimination of the secondary hyperaldo- 


steronism and reduction of the peripheral resistance to 
blood flow. 
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EDITORIAL COMMENT 


This interesting study from the Soviet Union had reinvesti- 
gated the possibility of treating renovascular hypertension by 
diverting renal and adrenal venous blood through the liver. Their 
preliminary studies confirmed previous observations that injec- 
tion of angiotensin II into the portal vein results in a much smaller 
increase in blood pressure than does similar injections into a 
systemic vein. These observations must be interpreted with some 
caution because of the variability of angiotensin II preparations 
and the nonuniformity of response. Nevertheless, the number of 
dogs involved seems to adequately document this finding in their 
laboratory. The interpretation of the results of portacaval trans- 
position in dogs with renovascular hypertension seem to be 
convincing. ; 

It is unfortunate, however, that these results must be inter- 
preted in view of the methodology used for the hemodynamie 
measuremeats. The methods used, which are apparently standard 
in the Soviet Union, are not generally familiar to investigators in 
the United States and, therefore, their accuracy cannot be vali- 
dated. The xey measurement in the evaluation of hypertension is 
the stroke volume of the left ventricle. A substantial decrease in 
stroke volume would be expected to produce a decrease in blood 
pressure amd, indeed, a decrease in blood pressure is a frequent 
nonspecific "esult from many major operative procedures in man. 
The method that they have selected for measuring stroke volume 
is not outlined in great detail but seems to be a modification of the 
Hamilton palse contour analysis. This is based on the principle 
that the ejection of a specific quantity of blood from the left 
ventricle wil result in a reproducible change in aortic pressure and 
a predictable pulse pressure. There are several diffieulties with 
this method. For best results, the pulse contour must be recorded 
from the aortic arch with progressive analytic error as the 
measuremert is carried out in the periphery. The investigators 
used the femoral artery that would be difficult to interpret. 

Furthermore, alterations in peripheral resistance will cause 
changes in the pulse pressure that are quite independent of the. 
stroke volume. It was noted by the investigators that such changes 
in periphera. resistance did occur. Because of these difficulties, the 
method of estimation of stroke volume from pulse contour has 
generally been abandoned by investigators in the United States. 
Furthermore, the technique for measuring blood pressure is not 
specifically cescribed. Since interpretation of their data is criti- 
cally dependent on accuracy of hemodynamic measurements, it is 
unfortunate that more standard techniques were not used. It is to 
be hoped that these investigators will continue their studies 
providing ether more details concerning their hemodynamic 
measurements or preferably, by the use of more generally 
accepted tecaniques. 

SAMUEL R. POWERS, JR, MD 
Albany, NY 
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Preliminary Findings in the Nude Mouse 


Louis H. Barr, MD; Roberta L. Gartside: Leonard I. Goldman, MD 


* The nude mouse model was explored as a means of 
predicting the behavior of human cutaneous malignant melano- 
ma. Subcutaneous implants from 20 patients were observed for 
external growth, microscopic appearance, and autoradiographic 
analyses following tritiated thymidine labeling. Normal epithelial 
and dermal components were maintained in the six low-risk 
primary implants, but none had any external growth or tumor cell 
preservation. Four of the five metastatic implants grew through- 
out the observation periods, with 30% of the counted tumor cells 
taking up the radioisotope. There was a slower growth rate in 
four of nine high-risk primary implants, with tumor cell preserva- 
tion in eight. Only €% of the counted tumor cells incorporated 
tritiated thymidine. This model appears to be capable of discrim- 
inating among the behavior of various forms of human malignant 
melanoma. 

(Arch Surg 114:221-224, 1979) 


lark and his co-workers: have demonstrated that the 
biologic behavior of cutaneous malignant melanoma 
can be correlated with the depth of dermal invasion by cells 
of the primary tumor according to histologic landmarks. 
Breslow’ and Hansen and MeCarten' have observed similar 
correlations by employing direct measurements of the 
vertical growth phase of these tumors. In addition, Hansen 
and MeCarten* and Payan and co-workers’ have related 
their observations of survival and stage of disease to the 
degree of host lymphocytic response in an attempt to 
further refine these prognostic variables. Both the host 
defense mechanisms as well as the biology of the tumor 
cells appear to play determinant roles in the overall clinical 
manifestations o° this neoplastic system. The purpose of 
this study was to separate these two factors by investigat- 
ing the behavior of human primary and metastatic malig- 
nant melanoma tissues following their implantation into 
athymie nude mice, an animal system lacking any cell- 
mediated immunity. 

Successful “takes” in nude mice of human tumors includ- 
ing epidermoid earcinoma," adenocarcinoma of the colon 
and rectum,’ and others^' have been reported. Trans- 
plants of human melanoma, however, have not been 
uniformly successful. Povlsen* has shown that metastatic 
and primary ocular melanomas were capable of growth in 
nude mice. On the other hand, when primary cutaneous 
lesions were used, no successful takes were noted. Similar 
findings were re»orted by Sordat and co-workers. 


. Accepted for publication Sept 18, 1978. 
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This report presents our experience using 20 primary 
and metastatic human melanomas implanted into nude 
mice and methods of measuring behavioral differences of 
primary and metastatic tumors. 


MATERIALS AND METHODS 


Fresh surgical specimens were obtained from 20 patients with 


malignant melanoma. Six were identified as low-risk lesions (less 
than 1.0 mm thick), nine as high-risk lesions (equal to or greater - 


than 1.0 mm thick), and five were from lymph node metastases. 
The criteria for creating these groups are based on the clinicopath- 


ologie correlations established by Clark et al' and Breslow. 
Samples measuring 2 x 2 x 2 mm were implanted subcutaneously Y 
into the flanks of nu/nu Balb C mice. Adjacent tissues were - e 
prepared for routine microscopy in the melanoma laboratory for 


confirmation of both the presence of tumor and the appropriate 
risk category by Clark level and lesion thickness. 

The mice were maintained in a clean-air laminar flow facility, 
fed ordinary mouse chow (Purina), and given tap water ad libitum. 
Tumors were measured weekly throughout the periods of observa- 
tion (2 to 19 weeks). Four hours prior to death, the mice were 
injected intraperitoneally with 10 uCi/g of tritiated thymidine 
(specific activity, 21 Ci/mM). The tumors were then harvested and 
tissue sections prepared for routine hematoxylin-eosin staining 
and autoradiography by methods described by Baserga and Mala- 
mud.’ 


RESULTS 
Low-Risk Lesions 


There were six low-risk tumor implants ranging in 
thickness from 0.24 to 0.99 mm. One was Clark level I, two 
were level II, and three were level III. In none of the six 
implants was there evidence of external growth through- 
out the observation periods, which ranged from 4 to 19 
weeks. All of the mice could not be observed for longer 
periods because of premature deaths due to a “wasting 
syndrome” to which these mice all eventually succumb." 
Histologic evaluation in no instance disclosed any viable 
tumor cells, although cutaneous epithelium was well 
preserved along with dermal structures, including seba- 
ceous and sweat glands (Fig 1). Evidence that these 
implants were, in fact, viable was demonstrated by the 
continued production of keratin (Fig 1) and the presence of 
tritiated thymidine in a few of the normal basal epithelium 
cells, indicating some ongoing DNA synthesis (Fig 2). 


High-Risk Lesions 


Visible tumor growth was noted in four of nine high-risk 
implants, although one of these was transient in nature 
(Table 1). Growth appeared no sooner than the eighth week 
after implantation and was usually substantial at 12 weeks, 
Again, not all mice survived long enough to show external 
evidence of growth. However, in eight of nine implants in 
this group, there was microscopic evidence of viable tumor 
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— cells (Fig 3), even in two of the three mice observed for less 
= than eight weeks. Evidence of DNA synthesis in these cells 
= is confirmed by the uptake of tritiated thymidine in 
- . approximately 6% (4.2% to 7.6%) of the counted tumor cells 
— (Fig 4). In two specimens, even though there was tumor 
. identified, autoradiographs did not demonstrate any 
= uptake of the radioisotope. 


ES | Metastatic Lesions 


- Four of the five lymph node metastases grew promptly 
- . and continued to do so at a rapid rate (Table 2). Visible 
= growth was noted in these cases by four weeks and 
= continued up to the time of death. The tumors were 

encapsulated by a glistening membrane, and neovascula- 
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" 4 Fig 1.—Six-week implant of low-eisk primary melanoma exhibiting 
/. squamous epithelium (SE), keratin (Ker), sweat gland (SG), and 


Table 1.—High-Risk Melanoma (> 1.0 mm) Transplant Characteristics 
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ture was apparent. These tumors did not metastasize to 
other sites within the mice. They consisted of viable 
melanoma cells (Fig 5), although in isolated areas (usually 
central) necrosis with polymorphonuclear infiltrate was 
noted. Radioisotope-labeled cells constituted between 
25.7% and 34.1% of the total tumor cell count (Fig 6). 


COMMENT 


These data indieate that behavioral differences between 
low- and high-risk primary cutaneous melanoma, as well as 
metastases derived from lymph nodes, are detectable as 
xenografts implanted into nude mice. This has been done 
by following variables of growth, histology, and cellular 
activity. 





Fig 2.—Radioautograph of low-risk melanoma with basal epithe- 
lial labeling (original magnification x 1,000). 









s Clark Tumor Observation Gross Microscopic % of Tumor 
te Patient Level Thickness, mm Period, wk Appearance Findings . Cells Labeled 
y 7 ae || 1.0 16 Growth Tumor present 4.5 

NL 8 V 5.0 9 Transient growth Tumor present 0 
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No change 


| 9 LU 1.62 3 No tumor seen 0 
10 - Hl A 6 No change Tumor present 6.8 
No change Tumor present 7.0 

0 


No change ; 


12 Tumor present 
o change Tumor present 4 


tl 2.66. 12 N 
! 4.0 jr Growth 
4.8 14 


2 
Tumor present 7.6 
7.5 


Growth Tumor present 
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McGovern,” Clark et al, and Breslow? have all demon- lack of “takes” in the low-risk group, for tissue preserva- 

strated that histelcgie level and measured depth of tion and viability were demonstrated in each low-risk 
» primary melanoma invasion can be correlated with progno- implant. 

sis. By dividing the primary melanomas in this experiment Level III tumors were placed in both low- and high-risk - 
into low- and high-risk lesions, as defined by thickness less categories based on thickness of the primary lesion. As the 
than 1.0 mm and thickness equal to or greater than 1.0 mm, external growth and radioisotope uptake data indicate, the 
we have demonstrated biologic differences that in the nude behavioral differences among the Clark level III tumors ` 
mouse system may correlate with prognosis in the human appear to correlate with measured tumor depth rather than 5g 
host. In none of the low-risk lesions was there preservation histologic criteria. This agrees with the data of Hansen and — 









of tumor cells, whereas in eight of nine high-risk melano- McCarten,’ who made similar observations with respect to — 
mas, tumor cells were visible. This difference is not due to survival of level III patients. | B 1 
“a 

Table 2.—Metastatic Melanoma Transplant Characteristics — 

Tumor Observation Microscopic % of Tumor Cells : iJ 

Patient Source Period, wk Gross Appearance Findings Labeled E. 

16 Axillary lymph node 8 Growth Tumor present 34.1 E [ee 

17 Cervical lymph node 16 No change No tumor seen 0 | $ 

18 Inguinal lymph node 12 Growth Tumor present 26.4 ri \ 

19 Inguinal lymph node 7 Growth Tumor present 33.8 2 





20 lliac lymoh node 16 Growth Tumor present 25.7 * iN be. 
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Fig 3.—Twelve-week implant of high-risk primary melanoma (orig- Fig 4.—Radioautograph of 12-week implant of high-risk primary 
inal magnification x 40). melanoma (original magnification x 630). 





Fig 5.—Microscopic appearance of metastatic melanoma eight Fig 6.—Radioautograph of eight-week implant of metastatic mela- 
weeks after implantation (original magnification x 430). noma (original magnification x 430). 
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Further differences are noted when evaluating the 
metastatic group. Except for one implant in which no 
tumor was noted at the time of sacrifiee, there was 
consistent evidence of external growth. An increased rate 
of DNA synthesis is confirmed by the greater number of 
tumor cells labeled with tritiated thymidine (30% vs 6% in 
the high-risk primaries). This radioisotope-labeling method 
cannot differentiate normal from tumor cells, but can 
detect differences in amounts of DNA synthesis." There- 
fore, some idea can be obtained of the relative differences 
in cellular kineties regardless of the physical growth 
characteristics. The tritiated thymidine also demonstrated 
the viability of the low-risk implants with labeling of the 
normal basal germinative epithelial cells. This layer of the 
epidermis has the greatest cellular activity and when 
viable would be expected to take up thymidine for DNA 
synthesis." 

All nude mice develop a "wasting syndrome” and die at a 
time dependent on the quality of the animal facilities. In 
1966, when they were originally studied, nude mice were 
living for only two weeks. Since the introduction of sterile 
procedures and barrier screens, survival has been extended 
up to 250 days." By using individual cages and laminar 
flow hoods, we were able to keep the nude mice alive for up 
to 19 weeks. Many of the mice developed the "wasting 
syndrome" much earlier, however, and had to be killed 
before an optimal observation period had elapsed. 

The observations in these experiments concerning 
primary eutaneous melanoma are contrary to those of 
Povlsen? and Sordat et al,” who could not establish primary 
human melanoma xenografts in nude mice. Possible expla- 


nations for this include the failure to obtain tumor cells 
from the vertical growth phase or an inadequate period 
afforded for their growth. In the present study, the 
external growth of the high-risk tumors was not observed 
before the ninth week following transplantation and usual- 
ly developed at 14 weeks. 

In non» of the experiments in this study was there 
evidence of metastases or loeal invasion of tumor, in 
contrast to the reports of Giovanella and his associates.'^ In 
all of the implanted metastatie tumors, the mass was well 
localized and encapsulated. These findings are similar to 
those of ethers who have used the nude mouse model for 
tumor growth, including the frequently metastasizing 
pancreati* carcinoma.'*"’ | 

By allowing behavioral differentiation, the human mela- 
noma-nuce mouse system can potentially be used to inves- 
tigate other areas. Povlsen and Jacobsen'* have suggested 
that the model be used to evaluate tumor response to 
chemotherapeutic agents, but the question of xenograft 
behavior eorrelating with the eventual biologie behavior in 
the humen host remains unanswered. Presently under 
study using this model are the differences in growth 
character sties of melanoma tumor cells from the radial 
and vertical growth phases. Also being studied is the role to 
tumor cel. inoculum size as a possible explanation for the 
behavioral differences of low- and high-risk primary mela- 
nomas. 


This investigation was supported in part by grant CA 11536 from the 
National Caacer Institute. 
Determinztion of melanoma level and thickness was performed by W. H. 


Clark, MD, end associates. 
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Editorial Comment 


The authors observed notable differences in labeling rates of 
melanoma cells when they compared tumor cells from a high-risk 
primary melanoma to tumor cells metastatic in lymph nodes. 
Low-risk primary melanoma cells did not grow at all. 

Since the nude mouse host model has a diminished surveillance 
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system, variations in growth argue for differences in the inherent 
biologie petential of the tumor cells and suggest many useful 
studies. 


JEROME J. DECossE, MD 
New York 


Melanoma—Barr et al 
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Subcuticular Closure of Thoracic 
Incisions 


The recent report by Murray and 
Blaisdell in the ARCHIVES (113:477-480, 
1978) defines the advantages of con- 
tinuous synthetic absorbable suture 
material in the closure of abdominal 
and thoracic incisions. These are a 
reduction in the time required for 
closure and a probable reduction in 
wound infection and dehiscence. We 
have noted a third distinct benefit. 
For the past year, we have closed 
many of our median sternotomy and 
lateral thoracotomy incisions with 
continuous polyglycolic acid sutures 
not only in the muscle, fascia, and 
subcutaneous layers, but also subcutic- 
ularly in the skin. This latter is facili- 
tated by using No. 00 suture on a large 
C-23 needle that penetrates the thick 
skin of the chest much better than the 
smaller cutting needles used by plastic 
surgeons to close thin skin. We have 
used the same technique to close inci- 
sions in the legs for saphenous vein 
harvest. With practice, the subcuticu- 
lar closure takes little longer to 
perform than the more common meth- 
ods. There has been no wound infec- 
tion requiring reopening of the 
wound, nor any instance of sponta- 
neous wound disruption. 

The additional advantage of the 
technique is a considerable improve- 
ment in the appearance of the wound, 
both early and late. We believe this to 


be particularly important in women 


whose chest and leg incision scars can 
be quite unsightly. Consideration of 
this method of thoracic and leg wound 
closure is recommended. 
WILLIAM E. WALKER, MD, PhD 
Nashville, Tenn 


Preservation of Erectile Function 


To the Editor.-Although agreeing 
with the authors of the article "Pre- 
servation of Erectile Function After 
Aortoiliac Reconstruction" in the Au- 
gust ARCHIVES (113:958-962, 1978), I 
question some of their anatomical 
conclusions. They emphasize the im- 
portance of nerve plexi around the 
inferior mesenteric artery in preserv- 
ing erectile function. 

Retroperitoneal lymph node dissec- 
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tion for testicular tumor usually 
entails complete mobilizatior of the 
aorta and vena cava from tke renal 
pedicles down to the bifurcation, 
clearing of one of the common iliacs, 
and ipsilateral sympathectomy. The 
inferior mesenteric artery is reutinely 
divided. These patients rarely lose 
erectile ability unless the dissection is 
carried out down both commoa iliacs. 
They almost regularly lose emission, 
but do continue with both orgasm and 
spasmodic contraction of the vrethral 
musculature at intercourse. 

This would emphasize that the 
pelvic nerve plexi and the hypcgastric 
plexus are important in erectile func- 
tion, but that the periaortic nerves 
and nerves around the infericr mes- 
enteric artery are not as important. 
Further studies will be necessary to 
see whether some of the surgical 
precautions that these authors recom- 
mend may not be excessive. The age 
difference in these two groups of 
patients may also be importan-. 

Davip H. BARNHOUSE, MD 
Pittsburgh 


In Reply.-l agree with Dr Barn- 
house's observations. Retroperitoneal 
lymph node dissections for tes-icular 
tumor entail complete mobilization of 
the aorta and vena cava from renal 
pedicles to the bifurcations. Clearing 
of only one of the common iliaes and 
ipsilateral sympathectomy mzy be 
associated with normal erectile func- 
tion. This has also been the expe-ience 
of my own colleagues in urology. 

In avoiding dissection and division 
of the inferior mesenteric artery, I 
have taken into account the ex-reme 
variability of origin of this vesse. It is 
frequently with a few centimetars of 
the aortic bifurcation. As Dr 3arn- 
house recognized, it is important to 
preserve one nerve plexus abort the 
common iliac artery. This probaly is 
the left one; it is important to note 
that both neural anatomy as well as 
location of the inferior mesenteric 
origin vary. My reason for suggesting 
preservation of the inferior mesenter- 
ic artery is that this step minimizes 
dissection around the aortic bifurca- 
tion. In addition, Spiro and Cctton' 
observed that impotence after sortic 





surgery is “almost certainly due to 
interruption of hypogastric sympa- 
thetic plexus which is formed in front 
of the left common iliac vein by 
branches descending across the bifur- 
cation of the aorta and particulary its 
left common iliac division. These 
branches are inseparable from 
branches which form a plexus about 
the inferior mesenteric artery.” 

In the usual case of vascular disease, 
especially aortic aneurysms, there is 
stretching and distortion of neural 
structures associated with the left 
common iliac artery and distal aorta. 
Therefore, it seems wise to avoid 
dissecting this area. Ligation of the 
inferior mesenteric artery can be as 
easily accomplished within an aneu- 
rysmal sac. 

I have not found these surgical 
precautions excessive. The dissection 
is shortened since limited areas are 
exposed. This has resulted in a short- 
ening of operative time. In view of the 
great variability of the sympathetic 
and parasympathetic nerve plexi 
about the distal aorta and iliac vessels 
as described by Pick; I believe it 
safest to recommend minimal dissec- 
tion and, thus, less neural trauma. 
This dissection of course must be 
consonant with safe exposure and 
completion of the required operation 
to restore blood flow or correct aneu- 
rysmal change. 

I greatly appreciate Dr Barnhouse's 
comments. In lymphadenectomy done 
for urologic malignant neoplasms, his 
experience is certainly consistent. It is 
also possible that the patient popula- 
tion differs; these may be, on the 
whole, a younger group than men with 
aortoiliac atherosclerosis. In any 
event, we require further anatomic 
and physiologic observation in man. 
All surgeons have an opportunity to 
contribute to this interesting area in 
the course of their dissections not only 
for testicular tumors but for colorectal 
and other malignant neoplasms as 
well. 

RALPH G. DEPALMA, MD 
Cleveland 


1. Spiro M, Cotton L: Aorto-iliac thromboend- 
arterectomy. Br J Surg 57:161-168, 1970. 

2. Pick J: Anatomy of the Autonomic Nervous 
System. Philadelphia, JB Lippincott Co, 1970, pp 
439-441. 
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Vascular Grafts, edited by Philip N. Sawyer and 
Martin J. Kaplitt, 432 pp, New York, Appleton- 
Century-Crofts, 1978. 


Vaseular grafts are interfaces be- 
tween science and teehnology as well 
as between blood and tissue. Integra- 
tion at these interfaces is critically 
important. Successful vascular grafts 
promise patients the hope of life and 
survival of limb. This comprehensive 
volume brings together information 
concerning both classical and modern 
vascular grafts. It consists of formal 
reports and informal discussions at a 
recent symposium. The editors state 
that it attempts to fulfill an obligation 
to the vaseular surgeon. In organizing 
the text, Sawyer and Kaplitt conscien- 
tiously meet this obligation. They 
have provided us a compendium of 
historical and eurrert information. 

This is the third major volume to 
appear in the past 15 years on vascular 
grafting. The contributors constitute 
a who's whe of vascular surgery, and 
almost everyone who has made a 
signifieant contribution to vascular 
grafting appears. The volume is intro- 
duced by the modest bioneer, Arthur 
B. Voorhees, who first noted a textile 
tube bathed in a rapidly moving blood- 
stream developing an endothelial-like 
surface. A suecinct history, beginning 
with the first grafts using Army Air 
Corps parachute material and later 
sailcloth, and providing insights into 
the unique process of surgical develop- 
ment, is outlined in the first of five 
major sections of the book. The second 
section presents illuminating perspec- 
tives into the scientific foundations of 
modern vascular grafts. All of us need 
these perspectives for rational selec- 
tion of both grafts and procedures. 

Here the difficulties of this surgical 
discipline surface. The text illustrates 
an interplay between deductive scien- 
tific reasoning and empiricism. Szila- 
gyi underscores “an intuitive and 
seemingly rash or even illogical but 
astonishingly successful pattern of 
reason that has given rise to... surgi- 
cal advances." It is just so; no apolo- 
gies required. No lengthy collection of 
supporting data precedes trials and 
clarifieation of new surgical tech- 
niques. Most convent:onal science be- 


Arch Surg—Vol 114, Feb 1979 


co AVE Serra ea E T UE 


gins after successful clinical results. 
Leonard's chapter on transport phe- 
nomena in grafts echoes this: “It is 
not surprising that deductive ap- 
proaches to the improvement of graft 
technology have enjoyed only limited 
success and popularity.” 

Admittedly, vascular grafts were 
developed by serendipity, empiricism, 
and, most of all, inductive reasoning. 
Predominantly, they were developed 
by surgeons. Workers such as Wes- 
lowski and Golasky, Sauvage, DeBa- 
key and associates, and Cooley and 
associates all continue to seek scientif- 
ically valid modifications. Many graft 
characteristics such as optimal syn- 
thetic pore size, limb diameter, or 
external or internal velour are being 
investigated. This tireless work must 
be encouraged, and the text does just 
that. 

In the realm of basic science, the 
book provides us data about the 
nature of the vascular interface and 
its coagulation characteristics. The 
negatively charged interface as re- 
lated to an interesting new group of 
bioheterografts is developed by Saw- 
yer and colleagues. In describing 
physicochemical studies of graft sur- 
faces, Baeir, a biophysicist, promises 
that "prediction of the likely fate and 
consequences of the use of various 
grafts in arterial reconstruction may 
be possible." While one wonders about 
this, these chapters are for anyone 
brave enough to think hard about 
these problems. There are also fine 
chapters on platelet mechanisms, en- 
dothelial function, and blood coagula- 
tion. Needless to say, they are deep 
reading and need careful study. 

Nor is this section without scientific 
deficiencies; electron micrographs of 
endothelium overlaid by crenated 
RBCs and endothelial cells with exten- 
sive cytoplasmic villi would have bene- 
fited from review. Inspection by a 
pathologist familiar with endothelial 
surfaces would have diagnosed arti- 
fact rather than claiming discovery. 
However, scanning electron micros- 
copy to observe healing graft surfaces 
can only be commended. Surgeons, as 
this book demonstrates, just got in 
and did it. This does not excuse us 


from scholarly obligation. The three 
major clinical sections describe aor- 
toiliac grafts, femoropopliteal me- 
dium-caliber grafts, and aortocoro- 
nary prostheses. The volume of mate- 
rial is enormous. This portion of the 
volume is a must for any surgeon 
performing vascular operations in 
1979. 

One might excuse a practicing 
surgeon from pursuing the intricacies 
of the physical chemistry of the vascu- 
lar wall, but the clinical sections inte- 
grate new opinion and provide lively 
discussions that any clinician will 
appreciate. They also describe novel 
grafts, including glutaraldehyde- 
tanned umbilical cord veins used by 
the Dardik brothers and preliminary 
data on new negatively charged 
bovine heterografts. In addition to its 
contributions toward a better knowl- 
edge of alternate choices of grafts, a 
number of technical pearls appear in 


the chapters and freewheeling discus- . 


sions. These include emphasis on 
surgical minimization of endothelial 
trauma and on drying and storage of 
biological grafts. Eastcott presents a 
lucid appraisal of complications with 
the use of aortic vascular grafts in 
Great Britain. We learn that most 
graft complications, such as false 
aneurysm or infection, appear to 
relate in an inverse way to surgical 
experience. The discussion on preclot- 
ting of aortoiliac grafts by Cooley, 
Sauvage, and others is long overdue, 
as is considered choice of woven vs 
knitted grafts in patients prone to 
bleeding. Experience in these matters 
has cost many precious units of blood 
and many anxious moments. 

The organization of this ambitious 
meeting and the integration of its 
diverse subject matter in this volume 
was a monumental task. Within the 
limits of present information, statisti- 
cal comparisons of the results of many 
vascular grafts are not yet really 
possible. A vascular registry is re- 
ferred to several times, but its use has 
not really been exploited. Multivariate 
analysis using computer technology is 
needed for ultimate long-term evalua- 
tions of grafts in different locations 
and circumstances. With this qualifi- 
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cation, the volume provides us with 
anectodal data. However, especially 
relevent are the reports of results 
with the expanded polytetrafluoro- 
ethylene (PTFE) grafts. 

The only dull quibble is that in so 
fine a volume as this, one regrets 
minor errors correctable by a copy 
editor. Dr S.B. Bhonslay appears in 
the text as a Dr Rhonslay. There is 
reference to a Journal of Abnormal 
Surgery. On page 150, DeWeese's 
angiograms may be reversed; one 
cannot be sure. Baker, on page 357, 
talks about "inertance" as a quality of 
PTFE grafts. Infelicities result from 
unedited discussions: "The virtues of 
various prostheses extolled and elabo- 
rated upon, modulated by a slower 
frequency declamation of repeating 
eponyms and commercial prod- 
ucts....” This prompts the reader 
into a fatigue that makes one feel 
impelled to divulge at this time that 
such English is an imposition. 

This vice may be a virtue disguised. 
The discussion, for example, refers to 


"trash footies," an entity due to embo- 


lization of atherosclerotic debris. Par- 
enthetically, in Cleveland, it is called 
"Texas Trash Foot." With all due 
respect, we have an entity called 
"Cleveland Can," the same unfortu- 
nate event resulting from internal 
iliac artery embolization. A too-rigid 
editor might have eliminated this 
colorful discussion. 

Responsibility for the content and 
editing of many chapters must have 
rested with the individual contribu- 
tors. Jorg Vollmar leads us to think 
that expanded PTFE grafts promise a 
new era in artificial grafting: in the 
venous system, as dialysis shunts, and 
in femoropopliteal reconstruction. We 
are then confronted with the idea that 
a temporary arteriovenous fistula is 
an excellent adjunct for keeping dis- 
obliterated veins patent. It abruptly 
follows that "a rest stenosis after 
venous thrombectomy will usually dis- 
appear completely during the follow- 
ing week due to the changed hemody- 
namics.” One can tell from the discus- 
sion that Dr Szlagyi did not like this at 
all. However, given Dr Vollmar’s crea- 
tivity, we all want to know more about 
it. Again, apart from information 
solely about vascular grafts, a great 
deal of state of the art vascular 
surgery is conveyed in an informal 
way. This is fun, but may not always 
be serious. 

More seriously, any vascular sur- 
geon reaching for a new graft is sensi- 
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tive to the grave implications of his 
act. This book, while neither attempt- 
ing to provide him with "the answer” 
nor doing so, proffers the bast and 
latest information related by some of 
the most able surgeons in the world. It 
belongs on the bookshelf o^ every 
surgical library and close to the desk 
of every vascular surgeon. 

RALPH G. DEPALMA, MD 

Cleveland 


Surgery of the Alimentary Tract, I, ed 2, by 
Richard T. Shackelford, 1,034 pp, 659 illus, $57.50, 
Philadelphia, WB Saunders Co, 1978. 

In 1955, Richard Shackelford’s edi- 
tion of Bickham’s great text, Opera- 
tive Surgery, was published. Over the 
next decade, it became the standard 
reference work for a generation of 
abdominal surgeons. Now the first 
volume of the second edition is avail- 
able. This is much more than a 
revision, for the esophagus, g ven but 
200 pages in the first edition, is the 
subject of this entire volume. 

After brief chapters on anatomy, 
physiology, esophagoscopy, and the 
principles of esophageal surgery, the 
entire range of esophageal conditions 
that the surgeon may be called on to 
manage are fully covered. Ma;or chap- 
ters are assigned to functional disor- 
ders, strictures, hernias and reflux, 
and excisional operations and replace- 
ment. Trauma, varices, tumors, and 
cysts are treated in others. To round 
out the volume, pediatric problems 
and sections on the mediastinum and 
tracheostomy are included. The nu- 
merous illustrations are usua ly taken 
from original descriptions. Tlere is an 
extensive reference list anc a well- 


organized index. The text is concise, 


sharp, and readable. 

One aspect of the first edi-ion that 
made it enormously useful to the clin- 
ieal surgeon was the genera format. 
There were descriptions of the full 
spectrum of approaches to each prob- 
lem, with emphasis on those ef proved 
value. Happily, this balanced and 
practical plan has been retained. It 
may be predicted that this new 
edition, like its predecessor, will be a 
valued and frequently consu'ted addi- 
tion to the library of the practicing 
surgeon. And, as an importent aside, 
this first volume of Surge-y of the 
Alimentary Tract can stand alone as a 
superb text on the disorde^s of the 
esophagus and their surgical manage- 
ment. 

LESLIE W. OTTINGER, MD 
Boston 
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relief without A.PC. 


The principal analgesic ingredient, oxycodone, is 
a semisynthetic narcotic with multiple actions 
qualitatively similar to those of morphine. The 
analgesic effect of oxycodone Degins within 10 to 
15 minutes after oral administration, peaks at 45 
minutes, and persists for 3 tc 6 hours.* Zcetamin- 
ophen, a non-narcotic ana gesic, complements 
the pain relief provided by oxycodone. 


Summary of Prescribing Information 


Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may deve‘op upon 
repeated administration: prescrbe and administer 
with same caution appropriate to other ora narcotic- 
containing medications. Subject to the Feceral Con- 
trolled Substarces Act 

Usage in ambulatory patients: Caution patients that 
Oxycodone may impair mental and. or physical abili- 
ties required for performance cf potentially 3azardous 
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tranquilizers, secative-hypno'ics or o'her CNS 
depressants (including alcohol) with TYLOZ capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dese of one 
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Usage in pregnancy Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazarcs 

Usage in children Should not be administered to 
children 


Precautions: Head injury anc increased mtracranial 
pressure. The respiratory decressant effects of nar- 
cotics and their capacity to elevate cerebrcspinal fluid 
pressure may be markedly exacgerated in the pres- 
ence of head injury, other irtrecranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactons which 
may obscure the Clinical course of patients with head 
injuries 

Acute abdominal conditions. TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions 

Special risk patients; Administer with cauton to cer- 
tain patients such as the elderly or debiltated. and 
those with severe impairment of hepatz or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethra’ stricture 


Adverse Reactions: Vos) rejuent Lichtheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients, some of these reactions may be alleviated if 
the patient lies down. Others: 2uphoria. dysphoria 
constipation. skin rash and pruritus 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patent || may occasionally be necessary to 
exceed the usua! dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant to the aralgesic efect of nar- 


cotics. TYLOX capsules are given orally. Jsual adult 
dose is one capsule every § hours as needed for 
pain 


Drug Interactions: CNS decressant effects may be 
additive with that of other CNS depressants See 





Warnings : 

Caution Feceral law prohibits dispensing without oxycodone HCI* 4.5 mg, 

Parorpton. SM HARI oxycodone terephthalate* 0.38 mg, 
information on symptoms treatment of over- 

dosage. see full prescribing irfo-mation acetaminophen 500 mg 


Full directions for use should 2e read before adminis- " " 
lering or prescribing Warning: May be habit forming. 


*Halpern."L M. and Bonica. JJ “Anaigesics, in 
Modell. W., ed. Drugs of Choice 1976-1977, St. Louis 
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Reductions in minutes required to fall asleep and increases in total 
sleep time were averaged and expressed as percentages. 


"Since insomnia is often transient, prolonged administration of Dalmane : 


is seldom necessary. If repeated therapy is required, periodic blood = 
counts and liver and kidney function tests are recommended. 
t Statistically significant over placebo baseline values. 


acy during short-, intermediate- 
tion. Dalmane in 30 mg 
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s showed that Dalmane was signif- 
B nbroving sleep induction and sleep 
\ addition, following discontinuation of 
as no sudden insomnia rebound. ! 
Westigation of Dalmane 30 mg in five 
somniacs, the electro-physiologic evidence 
ns rated a significant increase in total sleep time 
for all subjects, along with a decrease in the time 
eee fall asleep (see chart).? 
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A study of the hypnotic efficacy of Dalmane —  - xb ® 
(flurazepam HC!) 30 mg in insomniacs used a bedtime ` 
questionnaire on which subjects reported any deviation 


from the restrictions of the study, and a morning ques- | 

tionnaire on which they evaluated the duration and f aa HCI IV 
quality of their sleep. Thus, the objective findings were UfaZepa 

supplementec by subjective accounts of the medica- 


tion's effectiveness. J0-mg and 15-mg capsules 


The subjective results showed a significant increase 
in total sleep time and a significant decrease in sleep MODEL OF HYPNOTIC EFFICACY 
latency during the administration of Dalmane (see chart). 
There was no significant difference in the number of 


arousals. These results corroborated the findings of the Please see following page ROCHE 
objective stud y for a summary of product information. 
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28-NIGHT INSOMNIA RELIEF.. 
PROVED BY THE POLYGRAPH, 
CORROBORATED BY THE PATIENTS. 


DALMANE 





flurazepamHC 


One 30-mg capsule h.s.— usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.— initial dosage 

for elderly or debilitated patients. 


Before prescribing Dalmane (flurazepam HCI), please consult 
complete product information, a summary of which follows: 
Indications: Effective in all types of insomnia characterized by 
difficulty in falling asleep, frequent nocturnal awakenings and/or 
early morning awakening; in patients with recurring insomnia or 
poor sleeping habits; in acute or chronic medical situations 
requiring restful sleep. Since insomnia is often transient and 
intermittent, prolonged administration is generally not neces- 
sary or recommended. 


Contraindications: Known hypersensitivity to flurazepam HCI. 
Warnings: Caution patients about possible combined effects 
with alcohol and other CNS depressants. Caution against hazard- 
ous occupations requiring complete mental alertness (e.g., 
operating machinery, driving). 

Usage in Pregnancy: Several studies of minor tranquil- 

izers (chlordiazepoxide, diazepam, and meprobamate) 

suggest increased risk of congenital malformations 

during the first trimester of pregnancy. Dalmane, a benzo- 

diazepine, has not been studied adequately to deter- 

mine whether it may be associated with such an increased 

risk. Because use of these drugs is rarely a matter of 

urgency. their use during this period should almost 

always be avoided. Consider possibility of pregnancy 

when instituting therapy; advise patients to discuss 

therapy if they intend to or do become pregnant. 
Not recommended for use in persons under 15 years of age. 
Though physical and psychological dependence have not been 
reported on recommended doses, use caution in administering 
to addiction-prone individuals or those who might increase 
dosage. 
Precautions: In elderly and debilitated, limit initial dosage to 
15 mg to preclude oversedation, dizziness and/or ataxia. Con- 
sider potential additive effects with other hypnotics or CNS 
depressants. Employ usual precautions in patients who are 
severely depressed, or with latent depression or suicidal tend- 
encies. Periodic blood counts and liver and kidney function tests 
are advised during repeated therapy. Observe usual precautions 
1 bei of impaired renal or hepatic function. 
Adverse Reactions: Dizziness, drowsiness, lightheadedness, 
staggering, ataxia and falling have occurred, particularly in 
elderly or debilitated patients. Severe sedation, lethargy, dis- 
orientation and coma, probably indicative of drug intolerance or 
overdosage, have been reported. Also reported: headache, heart- 
burn, upset stomach, nausea, vomiting, diarrhea, constipation, 
GI pain, nervousness, talkativeness, apprehension, irritability, 
weakness, palpitations, chest pains, body and joint pains and 
GU complaints. There have also been rare occurrences of leu- 
kopenia, granulocytopenia, sweating, flushes, difficulty in 
focusing, blurred vision, burning eyes, faintness, hypotension, 
shortness of breath, pruritus, skin rash, dry mouth, bitter taste, 
excessive salivation, anorexia, euphoria, depression, slurred 
speech, confusion, restlessness, hallucinations, paradoxical 
reactions, e.g., excitement, stimulation and hyperactivity, and 
elevated SGOT, SGPT, total and direct bilirubins and alkaline 

hosphatase. 

sage: Individualize for maximum beneficial effect. 
Adults: 30 Ta dosage; 15 mg may suffice in some patients. 
Elderly or debilitated patients:15 mg initially until response is 
determined. 


Supplied: Capsules containing 15 mg or 30 mg flurazepam HCI. 
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Cope's Early Diagnosis 
of the Acute Abdomen 


Fifteenth Edition 


Revised by WILLIAM SILEN, M.D., Harvard Medical School. Sir Zachary 
Copes elassic monograph, now in its 57th year, has been thoroughly 
revised by a leading gastrointestinal surgeon, Dr. William Silen. While 
maintaining the approach and readability of Cope's original work, Dr. Silen 
has updated, expanded, and reorganized the text. 

Dr. Slen discusses in greater detail the differential diagnois of acute 
abdominal pain of diverse causes, acute pancreatitis, and vascular intraab- 
domina: emergencies. Fuller coverage is also given to the value of gentle 
palpation, inconsistencies in auscultatory findings, sequence of symptoms 
in diverticulitis, acute pancreatitis, acute cholecystitis, vascular insuffi- 
ciency, oiliary colic, intestinal obstruction, mesenteric arterial thrombosis 
or embolism, abdominal aortic aneurysms, stab wounds of the abdomen, 
the similar manifestations of ruptured Graafian follicle and corpus luteum 
Cyst, and acute abdominal catastrophes resulting from gynecologic condi- 
tions, especially from the use of oral contraceptives. Finally, Dr. Silen 
explores more fully the place of newer laboratory tests in evaluating the 
patient with acute abdominal pain. 


Acclaim for Cope's Early Diagnosis: 

“A volume that has no equal for introducing the student to the methods 
and pctential capabilities of the able clinician. The book will undoubtedly 
continue to occupy its unique position in the teaching ofthe art of medical 
diagncsis: — The New England Journal of Medicine 


March 1979 288 pp.; illus. cloth $13.95 
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Traumatic Rupture of the Thoracic Aorta... esses me TL IONE A CHECA S hs AE 240 | 
Stephen Plume, MD. James A. DeWeese, MD, Rochester, NY x 
Diagnosis remains an urgent matter in patients who reach the hospital alive but may die shortly thereafter. 


Fluid Replacement in Patients With Large-Area, Full- and Partis Toknhip. Burns... 55d edat o ende etai 247 
John H. Morton, MD, Rochester, NY 
The rationale fcr present-day fluid therapy is presented. 


Mineral Metabolism of the Healing Arterial Wall 
Walter J. Pories, MD; Ali Atawneh, MD; Richard M. Peer, MD; Richard C. Childers, MD; Richard L. Worland, MD; 
Stephen A. Zaresky, MD; William H. Strain, PhD, Rochester, NY 

Zinc appeared to be the element most involved in arterial repair. 


On the Malignant Potential of Acquired Short Esophagus ......... s see erre. fe 260 
René Menguy, MD, Rochester, NY 
A clear demonstration of adenocarcinoma arising in metaplastic columnar epithelium. 


Discontinuity Between the Heart and the Pulmonary Circulation: Its Management With the 
Use of a Valved External Conduit 
Scott Stewart, MD. Rochester, NY 

Right ventricular-pulmonary artery continuity established in a variety of cardiac anomalies. 
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Steroids and Immunosuppression: Effect on Anastomotic Intimal Hyperplasia in Femoral Arterial 
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Lawrence M. Hoepp. MD; Ahmad Elbadawi, MD; Michael Cohn, MD; Robert Dachelet, MD; 
Charles Peterson, MO; James A. DeWeese, MD, Rochester, NY 
Patency increased by Azothiaprine with less intima hyperplasia. 


Pharmacology o! Sulfadiazine Silver: Its Attachment to Burned Human and Rat Skin and | 
Studies of Gastrointestinal Absorption and Extension l sees 281 


Howard N. Harrison, PhD, Rochester, NY 
Silver had a persistant and tenacious attachment to burned skin. | 


Esophageal Atresia: Critical Analysis of 39 Cases 
Thomas C. Putnam, MD, Rochester, NY 
Associated anomalies, low birth weight, and respiratory complications continue to limit survival. 
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Robert R. Nesbit. Jr, MD, Augusta, Ga; Arnold Neistadt, MD, Marietta, Ga; Allyn G. May, MD, Rochester, NY | 
Saccular aneurysms in these patients allowed excision and end-to-end anastomosis. 
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Abraham T. K. Cockett, MD; Stephen M. Pauley, MD; Donald N. Zehl, MD; Andrew A. Pilmanis, PhD; 
Willia S. Cockett, Rochester, NY 


Recompression with respiratory and circulatory support are the mainstays of treatment. 
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George L. Hicks, MD: Aaron A. Hill; James A. DeWeese, MD, Rochester, NY 
Normothermic anoxic cardiac arrest was tolerated better after steroid administration. 
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Gastric Lymphoma vs Adenocarcinoma: A Diagnostic Problem ............. sos 305 
William L. Macon IV, MD, Baltimore 
Three cases of gastric lymphoma which were thought initially to be adenocarcinoma. 
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INDICATIONS: Therapeutical/y (as an adjunct to sys- 
temic therapy when indicated), for topical infections, 
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Festschrift to Dr Charles Rob 


3 
On tke iE 
re 


Seymour I. Sehwartz, MD 





n Sept 1, 1977, Dr Charles Rob retired as chairman of 
the Departmen: of Surgery, University of Rochester 
School of Medieire and Dentistry, Rochester, NY. This 
brings to a close £ ehkairmanship that extended more than 
17 years and brings into focus a career that played a 
dominant role both in the United Kingdom and in the 
United States. 

Educated at Cambridge University and St Thomas's 
Hospital in Londer, Dr Rob trained at St Thomas's until 
1942 when his trzining was interrupted by the war. His 
three-year military career was one of recognition as 
evidenced by his ~ecziving the Military Cross. He contin- 
ued postgraduate studies at St Thomas's in England and in 
1950 was appointed professor of surgery at the University 
of London at St Mary's Hospital. As a distinguished 
surgeon in the Uaited Kingdom, he was awarded several 
honors, including the Hunterian Professor of the Royal 
College of Surgery in 1946 and an honorary fellowship to 
the Venezuelan Surgical Society in 1956. His ties with the 
United States, waich had dated to a year of training in 
Montreal Genera Hospital for residency, were further 
enforeed when neserved as Surgeon-In-Chief Pro Tempore 
at Peter Bent Brizham Hospital, Boston, in 1952, Surgeon- 
In-Chief Pro Tempore at the Presbyterian Hospital, New 
York, in 1958, and Visiting Surgeon and Chief at UCLA 
Medical Center, Los Angeles, in 1959. 

As one reviews nis contributions while a British surgeon, 
the important papers on the reconstruction of the trachea 
and esophagus and abdominal trauma are noted. The early 
and pioneering nvestigations in the field of vascular 
surgery were ini-ciated with reports on the preservation 
and transplantatzn of arterial grafts and this interest in 
preservation extended to other tissues, including corneal 
grafts. His major contribution has been in the field of 
reconstruction of the internal carotid artery, the first 
article appearing on Nov 18, 1954, in Lancet. His subse- 
quent contributiems to literature spanned, in panoramic 
fashion, the entire field of vascular surgery. In 1956, the 
first edition of Onerative Surgery was edited by Charles 
Rob and Rodney smith. This has served as the basic atlas 
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throughout the English speaking world. There was also a 
15-volume work edited on clinical surgery. 

In 1960, Dr Rob assumed the position of professor of 
surgery and chairman of the Department of Surgery at the 
University of Rochester School of Medicine and Dentistry 
and, with his distinguished career as a British surgeon, 
continued with equal distinction as a leading surgeon on 
the North American continent. His special productivity 
continued with second and third editions of the Operative 
Surgery series and as coeditor of a book on tropical surgery 
and as coeditor on advances of surgery. The vascular 
surgery iterature continued to be enriched with the results 
of his clinical experiences. The number of honors that he 
received accelerated. In 1961, Dr Rob served as president of 
the International Society of Cardiovascular Surgery and 
was awarded an honorary degree from Trinity College, 
Dublin. He received an honorary degree of doctor of 
science from Hartwick College in New York, was elected 
president of the International Cardiovascular Society, 
North American Chapter, in 1971, and was made an 
Honorary Fellow of the Association of Surgeons of Great 
Britain and Ireland in 1975. Also in 1975, he was awarded 
the René Leriche prize at the 26th Congress of the Societé 
Internationale de Chirurgie in Edinburgh and served as 
the Matas Lecturer in 1977 in Tokyo and the Moynihan 
Lecturer of that year in London. He served on the board of 
the Journal of Cardiovascular Surgery, Journal of Surgi- 
cal Research, and Advances In Surgery. | 

As might be anticipated, Dr Rob's major influence has 
best been appreciated by those who have had the privilege 
of working with him. At all times, he has stood out as a 
surgical leader whose examples and directions residents, 
students, and faculty continually strived to follow. His 
clinieal experience was best capsuled at weekly grand 
rounds and though many have tried, none have been able to 
top his anecdotal references. 

As Dr Rob continues in his career as a clinical surgeon, 
those of us who work with him will have the opportunity of 
the ongoing benefit and continued relationship of a 
respected friend. The entire complement of faculty and 
resident staff who have come under the influence of this 
great surgeon are pleased to have the opportunity to 
express the appreciation for his leadership in a token 
fashion, with this work dedicated to him. 
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Traumatic Rupture of the Thoracic Aorta 


Stephen Plume, MD, James A. DeWeese, MD 


€ Fifteen patients with blunt traumatic rupture of the aorta, 
secondary to automobile accidents, that occurred less than 
seven days prior to admission were treated between 1967 and 
1976. The diagnosis was suspected on the basis of roentgeno- 
graphic evidence of upper mediastinal widening. Aortography 
demonstrated a localized deformity and dilation of the aorta 
isthmus just distal to the subclavian artery in all but one patient 
whose lesion occurred in the mid-descending thoracic aorta. 
The salvage of one of five patients with free rupture by the 
prompt institution of total cardiopulmonary bypass has prompted 
us to begin each operation with the capability of using either left 
heart bypass or cardiopulmonary bypass. An associated rupture 
of the right atrium of one patient was successfully controlled. 
Nine of 12 patients survived the operation, eight were discharged 
from the hospital, and six were alive and well at least one year 
later. 

(Arch Surg 114:240-243, 1979) 


raumatic rupture of the aorta is a frequent result of 
rapid deceleration and occurs in as many as 16% of 
fatal automobile accidents. Though usually fatal, the 
aortic mural disruption is sometimes contained by the 
aortic adventitia, permitting early survival of 10% to 20% 
of the persons sustaining this injury.” Long-term survival 
of untreated cases, with formation of a chronic pseudoan- 
eurysm, is unusual and has occurred in 2% to 5% of the 
reported cases.^? The pseudoaneurysm has an important 
potential for delayed rupture even after many years of 
symptomatic and roentgenographic stability.*^ 
Once primary repair of the aorta in the acute stage was 
demonstrated to be technically feasible, many reports of 
successful early repair have been published." The 
surgeon's main concerns have become early recognition of 
this injury and optimum operative management. 
The series presented here illustrates the lethal potential 
of temporally contained traumatic aortic rupture, the 
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marked variability of the clinical setting in which this 


injury is encountered, and the gratifying results that are 
obtainable when prompt evaluation and appropriate surgi- 
cal intervention are carried out. 


CLINICAL MATERIAL 


The charts of 20 patients with proved traumatic rupture at the 
University of Rochester (NY) Medical Center from May 13, 1967 
(when our ‘irst repair of this injury was undertaken) to Sept 24, 
1976, were reviewed. The charts of five patients with chronic 
contained ruptures of two months' to 12 years' duration were 
excluded leaving 15 cases of acute traumatic rupture for analy- 
sis. 

There were 12 male and three female patients. The ages of the 
patients were 17 to 65 years, with an average of 31 years. All 
ruptures were due to automobile accidents. At least seven patients 
had a history of alcohol intake shortly before their accidents. 

The suspicion of aortic injury was raised within two hours of 
accident in nine cases. Five patients were transferred from other 
hospitals six hours to three days after injury. One patient treated 
from the outset in our unit was not recognized to have aortic 
injury for four days, and in the meantime underwent reduction of 
multiple ex:remity fractures and of facial fractures under general 
anesthesia. 

The clinical presentation of these patients was extremely 
variable. One patient had no complaints, no associated injuries, 
and no abnermal physical findings except for a barely discernible 
left-sided chest contusion. The chest roentgenogram was only 
mildly suspicious. Free rupture occurred in the radiology suite as 
arteriography was being undertaken. Other patients were hemo- 
dynamically stable, being treated for associated injuries. Seven 
were in frank circulatory collapse from the aortic or associated 
injuries. One patient manifested a pseudocoarctation syndrome of 
proximal hypertension and absent femoral pulses.'* Substantial 
cerebral dysfunction attributable to either intoxication or brain 
injury was seen in nine patients. 

Apart from the history of a deceleration injury, the best 
indicator of the possibility of aortic rupture was the chest roent- 
genogram. Important findings on this examination included 
mediastinal widening, loss of sharpness of the superior aortic 
contour, rightward deviation of the trachea, inferior displacement 
of the left main stem bronchus, and subpleural displacement of the 
apex of the left lung (Fig 1). Deviation of the normal course of a 
nasogastric tube was noted retrospectively in several patients (Fig 
2 and 8). 
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Aortography was planned for all patients. Rupture of the aorta 
into the pleural cavity prevented performance of aortography in 
two patients. Aortic disruption of the isthmus, just distal to the 
origin of the left subclavian artery was demonstrated in 12 
patients. The disruption was `n the midthoracic aorta in one 
patient (Fig 4). Abcom:nal aortograms were also performed on 
nine patients and were normal. However, one of the four patients 
who did not have am abdomiral aortogram was discovered at 
autopsy to have also-a ruptured abdominal aorta. 


SURGICAL MANAGEMENT 


Exposure of the aorta was obtained through a left fourth 
intercostal space pesterolateral thoracotomy. The incision was 
extended by means of an upper median sternotomy to facilitate 
proximal aortic contvol in four patients with free rupture into the 
pleural cavity. A Carlens double lumen endotracheal tube was 
inserted in seven patients allowing selective collapsing of the left 
lung. 
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Fig 1.—Left, Anteroposterior chest roentgenogram taken of patient 8 while in a supine 
position. Right, Posteroantericr upright roentgenogram on right of case 8. Widening of 
mediastinum, loss of sharpness of superior aortic contour, and subpleural displacement 


of apex cf left lung. is demonstrated. 


Fig 2.—Aortogrem of case 7 demonstrating distortion of descending thoracic aorta just 
distal to subclawan artery typical of intimal disruption secondary to trauma. Radiopaque 


nasogastric tube is deviated to right. 


thesia. 


dage. 
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Fig 3.—Aortogram of case 13 demonstrat- 
ing distortion and large false aneurysm of 
descending thoracic aorta just distal to 
subclavian artery. Radiopaque nasogas- 
tric tube is deviated to right. False aneu- 
rysm ruptured during induction of anes- 


Fig 4.—Aortogram of case 6 demonstrating 
distortion of thoracic aorta secondary to 
traumatic disruption at unusual site in 
mid-descending thoracic aorta. There was 
associated rupture of right atrial appen- 


A variety of techniques were used to prevent proximal hyper- 
tension and assure visceral blood flow including ascending aorta to 
femoral bypass with polyvinyl tube without heparinization in one 
case, left atriofemoral bypass with pump in five cases, and femoral 
vein-to-artery partial cardiopulmonary bypass in three cases. It 
was necessary to use a combination of atriofemoral and partial 
femoral vein-to-artery bypass with cannulation of ascending aorta 
for cerebral support in two patients with frank rupture. 

After cannulation, proximal control of the aorta was obtained, 
intrapericardially, distal to the innominate artery or distal to the 
left carotid artery, depending on the size and distribution of the 
subadventitial hematoma. All intercostal arteries were preserved 
if possible. 

Aortic continuity was reestablished by inserting a short woven 
Dacron prosthesis between debrided margins of the transected 
aorta. Mebilization and primary reapproximation was not 
attempted. One patient was noted to have a hemopericardium 
when the pericardium was opened for cannulation of the left 
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Patients With Ruptured Ao- tas 


Date Head 


Case/Age, yr/Sex Admitted Shock Injury 


Other Major 
Injuries 


Accidert to 
RecognEion 


Accident to 


Operating Room Result 


No 


7/27/M 1/11/73 0 No 


8/17/M 2/10/73 0 No Yes 


2 hr 6 hr Ruptured in operating 
room; living 
2 hr 2 hr Died in operating 


room 


* No Yes 


13/20/M 2/20/76 2 hr 3 hr Ruptured and died in 
operating room 

14/70/M 1/24/75 + No Yes 2 hr fas No operation; late death 

15/42/F 9/24/76 * No Yes 7 hr 8 hr Ruptured in radiology; 





atrium. This proved to be secondary to bleeding from the right 
atrial appendage. | 


RESULTS 


Two patients died before reaching the operating room 
(Table, cases 9 and 10). Another patient underwent abdom- 
inal exploration for bleeding that could not be controlled, 
and thoracotomy was not performed. Cardiac arrest devel- 
oped in a fourth patient in the emergency room, and after 
partial resuscitation the patient was rushed to the operat- 
ing room (Table, case 8). A thoracotomy was performed but 
proximal control of the aorta and resuscitation of the heart 
could not be obtained and the patient died. 

Of the 11 patients who underwent repair of their aortic 
rupture, three of the patients' aortas ruptured freely into 
the pleural cavity. Rupture occurred during angiography in 
one patient (Table, case 15) and in the operating room prior 
to thoracotomy in two patients (Table, cases 7 and 13). Two 
of these three patients died in the operating room. One 
death was secondary to massive hemorrhage from a 
contused lung (Table, case 13) and the other secondary to 
an unsuspected rupture of the abdominal aorta (Table, case 
15). One of these patients survived and is now working as a 
guard at a state prison (Table, case 7). 

Postoperative deaths included one patient whose hema- 
toma was inadvertently entered before adequate aortic 
control had been established. Multiple organ system failure 
ensued, with death occurring on the fourth postoperative 
day. Another patient died late in his initial hospitalization 
because of associated injuries that included paraplegia 
secondary to fracture of the sixth vertebra, multiple rib 
fractures, and pulmonary contusion. The following also 
developed: severe gastrointestinal bleeding requiring 
subtotal gastrectomy and sustained acute alcohol with- 
drawal syndrome, decubitus ulcers, iliofemoral venous 
thrombosis, recurrent urinary tract infections, acute tubu- 
lar necrosis requiring hemodialysis, and eventration of the 
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died in operating room 





left hemidiaphragm. A tracheostomy was necessary to 
manage leng-term pulmonary insufficiency. The terminal 
event was an aspiration pneumonia. 

Anothe- late postoperative death occurred seven months 
after successful aortic repair in the patient who had been 
observed -or 48 hours because of the question of neurologic 
viability. His traumatic hydrocephalus persisted despite 
several neurosurgical interventions and he never regained 
useful cer2bral function. 

Six patents recovered from surgery and treatment of 
other injuries and are alive and well three to ten years 
after discharge. 


COMMENT 


Diagnosis of acute aortic rupture is often delayed 
because of the absence of specific physical signs attribut- 
able to this injury and because of the variability in its 
presentation. Some patients are asymptomatic, apparently 
lucky to kave avoided serious injury; others have major 
associated injuries that distract the physician from noting 
relevant ezidence available on the chest roentgenogram. 

Diagnosis is an urgent matter, since early survival is no 
guarantee of prolonged survival, as exemplified by our two 
patients who died before they reached the operating room 
and by the two whose aorta ruptured during induction of 
anesthesia. 

The physician will often have to rely on technically 
inadequate films obtained in the emergency room. Typical- 
ly, the underpenetrated supine anteroposterior roentgeno- 
gram will be suboptimal, especially for the assessment of a 
mild degree of mediastinal widening. Nevertheless, other 
signs (dev ation of trachea or left main stem branches, 
blurring of the aortic knob, subapical dissection of the apex 
of the left lung, and displacement from its normal course of 
a radiopaqae nasogastric tube'?!* are observable if specifi- 
cally sought. 

We believe aortography with visualization of the entire 
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thoracic and abdominal aorta is mandatory to document 
the presence and specific anatomy of the lesion. It is well 
known that mediastinal hematoma may occur after blunt 
trauma to the chest without aortic disruption.''^* In addi- 
tion, ruptures of the aorta do not always occur at the 
isthmus? nor are they always isolated lesions as illustrated 
by the death of one of our patients with an unsuspected 
abdominal aortic rupzure.'??^? 

Patients with decamented aortic rupture should undergo 
immediate repair, except in the rare instance when cere- 
bral viability is juestioned seriously or other injuries 
preclude operatior. Pharmacologic lowering of the blood 
pressure in the preoperative period is a maneuver that may 
be appropriate, but which we have not tried. 


Emergency thoracotomy in the emergency room has 


been advocated.” This might be lifesaving on occasion; on 
the other hand, tbere are enough pitfalls in the diagnosis 
and surgical manzgement ef aortic rupture that we have 
been unwilling tc urge junior surgical house officers to 
undertake such measures on their own initiative. 
Although a short period of aortic cross-clamping may be 
well tolerated, ">= the fear of spinal cord ischemia because 
of unexpected long periods of aortic occlusion make bypass 
of the left side of the heart preferable. Left atrial to 
femoral artery by»ass through a roller pump with monitor- 
ing of upper ard lower extremity pressures assured 


ization can be used if the hematoma is confined or in 
chronic cases, it is unsafe to rely on it alone in acute cases 
where rupture into the pleural cavity can occur.*** The 
rapid institution of total cardiopulmonary bypass has been 
lifesaving on one occasion and the pump oxygenator is 
routinely set up so that bypass of the left side of the heart 
or cardiopulmonary bypass can be used interchangeably. 

The importance of establishing proximal control of the 
aorta before entering the adventitial hematoma is illus- 
trated by the postoperative death of the patient in whom 
this technical misadventure occurred. The use of an inter- 
position graft precludes the necessity of extensively mobi- 
lizing the aorta and allows the surgeon to debride the aorta 
adequately without compromising his repair. 

The importance of being aware of other possible injuries 


is emphasized by the patient with rupture of the right — 


atrial appendage. The lesion may well have gone unrecog- 
nized if the pericardium had not been opened for insertion 
of a left atrial cannula. Smith et al" were able to find only 
nine reported survivors of atrial ruptures and added a 
tenth. Case 6 (Table) is apparently the first survivor of 
both right atrial rupture and traumatic aortic rupture. The 
pericardium should either be opened or carefully inspected 
for a hemopericardium in all patients. 

If surgery can be undertaken before free rupture occurs, 


a gratifying percentage of these usually young, previously  - 


prevention of proximal hypertension and maintenance of ^ healthy, potentially productive individuals can be 
distal pressures acequate for renal perfusion. Although the ^ salvaged. 
use of ascending orta to femoral bypass without heparin- 
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In patients with serious bacterial infection, the 
choice of antibiotic therapy is usually made on the 
basis of the effectiveness-to-risk ratio. This considera- 
tion s particularly important when an aminoglycoside 
antibiotic is indicated. 

The activity of Nebcin® (tobramycin sulfate, Lilly) 
against a wide range of gram-negative organisms is 
now well known. A review of worldwide literature 


^! shows “that tobramycin has significant antibacterial 


activity and that it is the most potent of all aminogly- 
cosices against P. aeruginosa. The antibacterial 





activitiesof tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bers of the Enterobacteriaceae are comparable, with tract infections 
each agent possessir g slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains of any species" including burns 
Nebcin is indicatec in the treatment of caused by susceptible strains of the following 
septicemia microorganisms: Pseudomonas aeruginosa, 







Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity. 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 

enzyme of the brush-border membrane of the proximal 

tubule? Levels of the enzyme become elevated in the 

urine as a result of toxic lesions in acute tubular necro- 

sis or of inflammatory processes in the kidney, such as 

rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic anc ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients). 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 


serious lower respiratory infections 
gastrointestina infections, including 
peritonitis 
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tobramycin sulfate 


Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially norma! but who 
develop signs of rena! dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal! infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy —Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potential toxicity. 


Nebcin may be considered in serious staphylococcal infections when penicillin or 


other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 


; s _ bility tests show that the causative organisms are resistant to tobramycin, other 


appropriate therapy should be instituted. In patients in whom gram-negative 
'septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. » 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 









. may have been aded to adjust the pH. 


verse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, end serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have bæn reported, especially in patients with a history of renal impairment who 
are treated far longer periods or with higher doses than those recommended. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve aave been noted, especially in patients receiving high doses or prolonged 
therapy. Symotoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: Ther isk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include increased serum 
transaminase(SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thromboeytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Losage Guides — I.M./1.V.: 

The usual Curation of treatment is seven to ten days. 

Usual dosage*or adults, children, and older infants (normal renal function) — 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, *he dosage may be increased up to 5 mg/kg/day administered in three or 

four equal eoses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for ne»nates up to one week of age (normal renal function)— 
Up to 4 mg/g/day may be given in two equal doses every 12 hours. 

Dosage guide»nes for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determir= the reduced dose at eight-hour intervals, see the convenient nomogram 

in the packeze literature* To calculate normal dosage at prolonged intervals (if the 

creatinine cxearance rate is not available and the patient's condition is stable), the 
following fo-mula may be used: 
1 mg/kg q(6X serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

l. V. Adminiszation — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted soluticA usually should be infused over a period of 20 to 60 minutes. 


*An alternate roug- guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-stat serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table .. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kgq8h 

' (Total, 5 mg/kg/day) 


Usual Dose for 
Serious Infections 
For Patient 
Weighing 
kg I 


1 mg/kgq8h 
(Total, 3 mg/kg/day) 





*Applicable to al! prsduct forms except Nebcin, Pediatric, Injection (see How Supplied) 


How Supplied-Ampoules (Vials) Nebcin® (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tCoramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks'" (mult vial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets* (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 2-. 

Each ml also Contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, O.1 mg 


edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
[030476c) 


Additional infc-mation available to the profession 
on request from Eli Lilly and Company, 
Indianapolis, Indiana 46206. 


Litt, Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 
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Festschrift 


Fluid Replacement in Patients With Large- 


E 
“i: 


Area, Full- and Partial-Thickness Burns 


John H. Morton, MD 


e The importance 3f fluid replacement therapy in large-area, 
full- and partial-thickaess burns has become widely recognized 
in the past 35 years. Experimenters have proposed various 
intravenous solutions and various ratios of fluid to body weight 
and percentage of bedy area burned. The importance of colloid 
and plasma during the eerly resuscitation phase has 
been questioned. The -ole played by age, by physical condition, 
and by individual resoonse to injury in determining the patient's 
therapeutic needs has also been widely recognized. All physi- 
cians should bear in mind the need for careful observation of the 
patient in associatior with an understanding of the pathophysiol- 
ogy involved in treatng burn shock. 

(Arch Surg 114:24*-252, 1979) 


he developmert of a rational plan for fluid replace- 

ment in the severely burned patient has been a 
product of the last 35 years. Elkinton et al' expressed the 
prevailing opinion of the day in their 1940 article, which 
stated: "The admiristration of excessive amounts of phys- 
iologic saline solion without plasma protein only 
increases an edema already present and must be given in 
dangerously large amounts to have any significant effect 
on the plasma volame.” At that time, early burn deaths 
were usually consicered to be the result of toxins from the 
burn wound, and tte importance of fluid replacement was 
poorly understood. 

A change in this actitude first began with several studies 
reported during Werld War II. Using radioactive dyes, 
Cope and his co-werkers** reported an increase in plasma 
protein concentraticn and a high albumin-globulin (A/G) 
ratio in the lymp of burned animals. The increased 
plasma-protein coreentration showed a loss of water from 
the capillaries in excess of protein loss. The high A/G ratio 
in the lymph indicated that the smaller albumin molecules 
had left the cireulacion more rapidly than the larger 
globulin molecules 

In another important experimental study, Rosenthal and 
Tabor* found tha: a high percentage of animals would 
survive otherwise “etal burns if given isotonic solutions of 
sodium salts in arr aunts equivalent to 10% or 15% of body 
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weight during the first 24 hours. They believed that the 
effect of the electrolyte was a function of the sodium 
ion. 


EARLY FLUID FORMULAS 


Administration of the large amounts of parenteral elec- 
trolyte solution suggested by Rosenthal and Tabor was a 
revolutionary concept in 1945. However, in 1947 Cope and 
Moore* reported a clinical experience that confirmed this 
work in human beings. They found that an expafision of 
the extravascular extracellular space was the mosteimpor- 
tant feature in the disordered fluid balance of thesüirned 
individual. They believed that fluid therapy should be 
planned to satisfy this pool of wound edema and that 
measurement of the hourly urinary output afforded the 
best means of checking the adequacy of treatment. On the 
basis of their studies, they developed a fluid replacement 
formula that was applicable to the normal-sized adult 
patient. They recommended that during the first 24 hours 
after injury the patient receive 75 mL of plasma and 75 mL 
of noncolloid-containing isotonic electrolyte fluid for each 
1% of body surface burned. They also recommended that 
the patient receive 2,000 mL of nonelectrolyte fluid to 
provide for insensible losses. They suggested that one half 
of this total amount be given in the first eight hours and 
the second half in the remaining 16 hours. They indicated 
that the volumes of plasma and electrolyte solutions should 
be halved in the second 24-hour period. They emphasized 
that the formula applied only to normal-sized adults and 
that for patients with more extensive burns it might be 
misleading. 

The formula of Cope and Moore was rapidly adopted by 
physicians who cared for patients with burns in this 
country. Unfortunately, the warning that the formula was 
applieable only to normal-sized adults was frequently 
overlooked. Therefore, problems with fluid overload devel- 
oped in many patients, particularly in the pediatric age 
group. To obviate this difficulty, Evans and his group* in 
1952 suggested two modifications to the formula. The first 
modification introduced the patient's weight into the 
calculation. They recommended that for each 1% of body 
surface burned per kilogram of body weight the patient be 
given 1 mL of colloid solution and 1 mL of 0.9% sodium 
chloride solution during the first 24 hours after injury. 
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They also advised the administration of 2,000 mL of 5% 
glucose in water during this time interval. Their second 
suggestion was that if the age in years of the patient or the 
percent of body surface burned exceeded 50, modification 
of the formula would be necessary. They believed that 
calculations should be made under these circumstances as 
though a 5096 burn was present. They reemphasized the 
importance of careful bedside observation of the severely 
burned patient. This warning was necessary since many 
physicians at that time placed too much emphasis on a 
mathematical formula, forgetting the importance of indi- 
vidual variations in the response to injury. 

A further modification of the fluid formula was proposed 
in 1953 by the group at Brooke Army Hospital; San 
Antonio, Tex. This group suggested that our understand- 
ing of the pathologic physiology of burns was incomplete, 
that treatment of fluid and electrolyte shifts was not 
altogether satisfactory. They believed that comprehension 
of volume deficits and the rate of their development was 
reasonable but that understanding of the composition of 
fluid loss was imperfect. On the basis of their studies, they 
suggested that the Evans formula be modified to increase 
the amount of electrolyte solution and to decrease the 
amount of colloid administered. For each 1% of body 
surface burned per kilogram of body weight, they recom- 
mended that 0.5 mL of colloid solution and 1.5 mL of 
balanced electrolyte solution be given during the first 24 
hours. They also proposed that between 1,000 and 2,000 mL 
of electrolyte solution or of water be given to cover 
insensible loss. They agreed with Evans and his group that 
the calculations in patients with large-area burns should be 
based on a 50% body surface injury. They recommended 
that narcotics required for pain relief in the immediate 
postburn period should be given intravenously, and they 
discovered a 20% hepatitis rate in association with the 
administration of plasma. 

The Brooke Army Hospital group noted certain patients 
in whom, despite apparently adequate fluid and electrolyte 
replacement, high fever, tachycardia, tachypnea, and 
mental confusion developed. These patients frequently 
died, and the cause of death was not evident. In 1964, 
Moncrief and Teplitz: showed that these deaths were 
related to burn wound sepsis, especially due to Pseudomo- 
nas aeruginosa, and efforts to provide local bacterial 
control of this organism were undertaken. 


KIDNEY FUNCTION 


The next major change in burn fluid therapy was 
proposed by Schlegel and Jorgensen.’ They emphasized the 
importance of adequate kidney function in the individual 
with a severe injury, and they believed that a large portion 
of the edema that developed in the burned patient could be 
obviated by osmotic diuresis. To achieve this, they recom- 
mended that 4% urea be given intravenously in 5% dextrose 
in water in sufficient amounts to maintain urinary output 
in excess of 15 mL/hr. They believed that the patient 
should be given only enough saline and colloid solutions to 
maintain blood pressure at a satisfactory level. In effect, 
they substituted osmotic diuresis for the fluid replacement 
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formula They believed that much less edema developed in 
their patients and that the response to injury was at least 
as favorable as that produced by the standard burn fluid 
formulas. 

Hinshaw and co-workers'? used tromethamine in a simi- 
lar way as an osmotic diuretic. They found that this agent, 
an effec-ive amine buffer, could correct or prevent both the 
metabolic acidosis produced by a severe burn and the 
respiratory acidosis produced by smoke inhalation. They 
believeé that tromethamine was especially useful in 
burned patients with severe hemolysis and hemoglobi- 
nuria. 

Zimmermann" reported that a combination of trometh- 
amine, sodium bicarbonate, and low molecular weight 
dextran was more effective than balanced electrolyte 
solution in treating burn shock. He believed that the 
balancec electrolyte solutions were relatively ineffective 
because they failed to combat the acidosis characteristic of 
the earl postburn period. 

In 19, Moncrief and Mason" pointed out that the loss 
of body 3uid by evaporation through the burn wound was 
of consicerable magnitude, and that the administration of 
2,000 miL of electrolyte-free water per 24 hours was 
probably not adequate to replace the loss. They suggested 
that mueh more attention must be given to insensible loss, 
especially with large areas of full-thickness skin loss. 

Roe and his associates" agreed that insensible loss was 
frequently underestimated. They discovered that these 
losses oceurred through a dry full-thickness eschar and that 
in adults they were frequently well in excess of 2 L per day. 
They fov nd that a patient might have normal or increased 
urinary output despite substantial evaporative losses 
through the damaged skin. They believed that after the 
first 48 10urs the serum sodium concentration offered a 
better clie to adequate hydration than urinary output. A 
rising serum sodium level indicated the need for further 
water re5lacement to prevent cellular dehydration even if 
adequate urinary output was maintained. In later work, 
Rozin ard his colleagues" showed that insensible water 
loss was not reduced significantly when mafenide acetate 
was applied topically to the wound. 


IS COLLOID NECESSARY? 


In 19609, Wilson and Stirman" suggested a different 
approack to fluid replacement. They believed that the 
shock associated with thermal injury could be successfully 
and safe y treated by balanced salt solutions (two parts of 
sodium caloride to one part of sodium bicarbonate) either 
orally or parenterally. They argued that the use of whole 
blood or 5lasma during the first 48 hours after a burn was 
usually tnnecessary and was often harmful. Therefore, 
they beli»ved that the patient should be treated only with 
lactated Ringer's solution in whatever amounts were 
necessary to maintain an adequate urinary output. 

In 1965, Moyer and co-workers'* stated that burn shock 
could be satisfactorily treated with lactated Ringer's solu- 
tion, with the pH adjusted to 8.2, as the sole replacement 
fluid. They believed that burn shock was not primarily an 
oligemic situation and that the primary deficit was a loss 
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of extravascular sediuin. They believed that neither colloid 
nor blood was required in the initial management of 
patients with burns covering up to 85% of body surface. 
Using this methodof treatment, seven of their ten patients 
received fluid loads substantially in excess of the limits 
suggested by the standard formulas. Pulmonary edema 
was not encounterec, and there were no other signs of 
cardiac embarrassment. 

A different approach to fluid therapy was suggested in 
1965 by Burke and Constable." They believed that it was 
important to administer a replacement fluid substantially 
similar to burn edema. Since the edema has the character- 
istics of one-half strength plasma, they based their replace- 
ment regimen on commercial plasma. In an adult, for each 
1% body surface burned they administered 125 mL of 
commercial plasma and 15 mL of saline solution. In addi- 
tion, they gave the patient 2,000 mL of 59; dextrose in 
water. They reported results comparable to those obtained 
by use of the standard replacement formulas. Although 
they had not enceuntered problems with serum hepatitis, 
they warned that atzention should be paid to this possible 
complication. 

In 1967, Baxter suggested that lactated Ringer's solu- 
tion alone be used to keep the patient with a clear 
sensorium and to maintain a urinary output of 20 mL/hr. 
He found that tc achieve these goals it was necessary to 
give amounts of lactated Ringer’s solution that were 
substantially in excess of those calculated using the Brooke 
formula. Excess fluid requirements varied directly with 
the size of the burn, and in individuals with burns of 50% of 
body surface, amounts of fluids administered were approx- 
imately 20% greater than ealculated amounts. 

In 1968, Fox'* reported that it was desirable to use 
isotonie sodium bicarbonate or lactate as the replacement 
fluid in order to combat acidosis. He believed that sodium 
chloride should net be administered initially, and he did not 
believe that the use of either blood or plasma was desirable. 
He found that initial administration of either 0.9% sodium 
chloride or lactated Ringer’s solution produced a smaller 
urinary output and a greater tendency to fluid retention 
than the alkaline sodium salts that he recommended. e 

Markley” reported the results of a study of serious burns 
in Peru. He found that the fluid replacement problem in 
children was dif'erent from that in adults. In adults, he 
reported that administering isotonie saline solutions in 
amounts up to 5% of body weight in the first two days 
gave a lower shock mortality than a fluid regimen that was 
deficient in electrolyte replacement. He found that the 
mortality was rot signifieantly improved if plasma was 
added to the saline regimen. In contrast, children with 
major burns had significantly lower shock mortality when 
adequate amounts of plasma were added to the saline 
solutions. 

In patients w:th burns covering less than 40% of body 
surface, Davies znd co-workers? favored the use of isotonic 
sodium solutions in sufficient volume to control burn shock. 
Although they fourd that patients treated without colloid 
showed lower average blood volumes, they found that 
mortalities were slightly less than those for those 
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patients who received colloid during the first 48 hours. 
They believed that early administration of colloid should be 
carried out only if the patient showed significant deterio- 
ration without its use. For this purpose they found that 
seven of 55 adults and eight of 113 children required blood 
or colloid in addition to the saline solutions. 


DEXTRAN USE 


Sorensen” divided his patients into two groups. To the 
first group he administered 6% dextran (average molecular 
weight [mol wt], 70,000) in 0.9% saline solution at a rate of 
120 mL per percent of body surface burned. He permitted 
the second group to take oral fluids ad libitum, and for each 
liter of fluid ingested he added 5 g of sodium chloride plus 
2.5 g of sodium bicarbonate. He found that the patients 


receiving dextran were more comfortable, required less - 


medical surveillance, and much less edema developed. The 
mortalities in the two groups were comparable. His 
patients given the dextran regimen received, on the aver- 
age, 7 mEq of sodium per kilogram of body weight in the 
first 48 hours. In contrast, the patients treated with saline 
solutions received, on the average, 23 mEq of sodium per 
kilogram of body weight in the first 48 hours. If the 
standard Brooke formula had been used for the 48-hour 
period, the patients would have received an average of 12 
mEq of sodium per kilogram of body weight during this 
time. 

While treating children with burns, Wilkinson? decided 
that the major issue in early burn death was plasma loss 
rather than oliguria or shock. He advocated close observa- 
tion of the general appearance of the burned child and the 
initiation of an intravenous (IV) infusion of 5% dextrose in 
water when the burned area exceeded 20% of body surface. 
If the systolic blood pressure fell or the diastolic blood 
pressure rose, he rapidly administered 6% dextran (aver- 
age mol wt, 150,000) in 0.9% saline solution through the IV 
line until the patient’s general condition improved and the 
circulation stabilized. He reported good results with this 
regimen. In patients with larger burns, he found that the 
amount of fluid required approximated that calculated 
from standard formulas. Patients with smaller burns, 
however, required significantly less fluid than the formu- 
las recommend. 

Birke and his colleagues? found that during the first few 
days a patient with extensive burns retained in the 
extravascular space an amount of albumin equivalent to 
the total quantity normally circulating in plasma. They 
also noted that the loss of albumin through the burn 
surface might be as large as that sequestered in the burn 
wound. Their studies? compared a group of patients 
treated during the 1960s with albumin, plasma, and whole 
blood with another group treated during the 1950s with 
dextran (average mol wt, 80,000) and whole blood. The 
patients treated with albumin, plasma, and whole blood 
had a lower mortality than those treated in the previous 
decade with dextran and whole blood. 

In reviewing treatment of burned patients at his insti- 
tution, Stone” found that the fluids used in the first 48 
hours approximated the amounts suggested by the stan- 
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dard formulas. However, there was frequent confusion in 
deciding the proper order and speed for administering the 
various solutions. Considerable swings in hourly urinary 
output resulted. To obviate this problem, he developed a 
single composite solution to be used in treating burned 
individuals. Each liter of this solution contained 250 mL of 
cross-matched plasma plus 750 mL of an electrolyte solu- 
tion containing 95 mEq of bicarbonate and 50 g of glucose. 
Since the plasma component contributed approximately 34 
mEq of sodium, this solution is slightly hypotonic. In 
evaluating his results, Stone found this mixture almost 
universally adequate, easy to administer, and readily avail- 
able. He believed that its use simplified early burn care. 

Baxter and Shires” found in experimental full-thickness 
burns that the restoration and maintenance of a functional 
extracellular fluid with lactated Ringer’s solution alone 
required volumes of fluid exceeding those usually used. It 
was also necessary to administer these fluids at a faster 
rate. After their experimental work, they treated 277 
patients by administering lactated Ringer’s solution 
rapidly enough to control the clinical signs of shock. They 
found that they gave on the average 3.5 mL of this solution 
per kilogram of body weight per percent of body area 
burned during the first 48 hours. Mortality figures using 
this regimen compared favorably with those reported in 
other studies. Baxter" emphasized that the fluid and 
electrolyte replacement should be accomplished in the first 
24 hours. In that period of time, he administered a fluid 
volume equivalent to the 48-hour recommendations in the 
Brooke formula, and the sodium load was approximately 
25% greater. 

Polk” found that Ringer's solution with a pH of 6.5 was 
effective as the sole early replacement fluid. He believed 
that return of urinary sodium concentration to normal 
levels eorrelated more closely with recovery from shock 
than any other single factor. He showed that recovery from 
burn shock occurred in many patients while the peripheral 
hematocrit level was still rising, indieating that factors 
other than plasma volume alone contribute to burn shock. 

In 1970, Monafo" suggested another approach to the 
fluid problem. He prepared a solution containing 300 mEq 
of sodium, 200 mEq of DL lactate, and 100 mEq of chloride 
per liter. This hypertonic solution was used as the sole 
replacement fluid. The fluid was given either orally as an 
iced drink or intravenously, depending on the individual 
patient. In adults, he administered the fluids rapidly 
enough to produce a urinary output of 30 mL/hr. He found 
that the actual volume of fluid administered to adults in 
the first 48 hours was always less than predicted by the 
Brooke formula. In contrast, he found in children that the 
actual amount of fluid given almost always exceeded that 
caleulated from the Brooke formula. 

Shimazaki’s group" found that hypertonic lactated 
saline solution therapy decreased postresuscitation compli- 
cations such as pulmonary edema. However, they found no 
difference in mortality between patients treated with 
solutions containing 300 mEq of sodium per liter and those 
treated with isotonic lactated Ringer's solution. Hyperos- 
molarity and cellular dehydration caused serious problems 
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in an oceasional patient. 

Blocke- and his colleagues? believed that there was little 
rationale for the use of blood or plasma during the early 
resuscita-ive period. However, they found that by the time 
of hospital discharge the burned patient required, on the 
average, 1 mL of whole blood per percent of body area 
burned for each day after the acute phase. These needs 
were greater if skin grafting was required or if silver 
nitrate was used for topical burn care. 


THE FORMULAS REEXAMINED 


In 1972, Hutcher and Haynes? reported an analysis of 
their results in fluid therapy at Richmond, Va. This study 
was of interest since the original Evans formula had been 
developed at their institution. They believed that the 
Evans formula predicted the needs of adult patients well. 
They thought that resuscitation in adults was accomplished 
more satisfactorily and with a smaller volume of replace- 
ment fluid if significant amounts of colloid were included 
in the regimen. They found that in children weighing less 
than 20 k lograms the Evans formula underestimated the 
patient's sodium needs. They believed that, for children, 
approximately 4 mL of lactated Ringer's solution should be 
administered during the first 48 hours for each percent of 
body area burned per kilogram of body weight. 

Reckler and Mason? reported a similar study from 
Brooke Army Hospital. They reviewed the treatment of 50 
patients younger than 45 years of age. They discovered 
that the 3rooke formula predieted accurately the fluid 
requirements for patients with burns covering less than 
50% of body surface. For patients with larger burns, the 
50% cutoff in the formula was frequently exceeded by wide 
margins without fluid overload or other cireulatory prob- 
lems. 

Pruitt's group” showed that in patients treated with the 
Brooke formula a stable blood volume developed at approx- 
imately 80% of normal within the first 24 hours. They 
discovered that after a major burn the cardiac output 
decreased sharply before any demonstrable change in 
blood volume and that it returned to normal more rapidly 
as well. The early rise in cardiac output reemphasized the 
point that burn shock is only partially dependent on the 
cireulating blood volume. 

Experimental studies in mice” showed that both volume 
and electrolyte replacement were important in the 
management of burn shock. In this report, isotonic sodium 
chloride proved more effective than either hypotonic or 
hypertonic sodium chloride in reducing mortality. Moylan 
and his co leagues’ carried out a similar experiment in 
dogs. They found that almost half the resuscitative effect 
of the Breoke formula was produced by correction of 
volume deñcits. Sodium replacement accounted for the 
remainder of the improvement. They could not demon- 
strate any benefit from the use of colloid during the first 
24 hours. His group** measured fluid and sodium retention 
in burned dogs treated by several fluid regimens. They 
found min mal fluid and salt loading when hypertonic 
lactated sa ine was used. They also noticed that less salt 
and water retention occurred in animals receiving a modi- 
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fied Brooke formula with half the calculated amount of la is intended to replace careful medical and nursing 
sodium chloride than in those resuscitated by the standard supervision with close individual attention at frequent 
Brooke formula. intervals. If the formulas are used with this in mind, they 
In a recent symposium on burn care,” Baxter gave the offer a baseline to determine initially how rapidly fluid 
present Parkland formula for fluid administration. He replacement should be carried out. Depending on the 
recommended tkat during the first 24 hours 4 mL of urinary output and specific gravity, the formula can be 
lactated Ringer’s solution be given per kilogram of body adjusted in either direction to meet the individual's need. 
weigat per percent of body area burned. At the same Although reservations have been expressed'* about depen- 
symposium, Monafo reiterated his satisfaction with the use dence on urinary output for monitoring resuscitative 
of hypertonic lactated sodium solutions. He warned that efforts, no other simple mechanism seems as reliable 
the regimen shoald be altered if the serum sodium level during the initial management. After the first 24 hours, in 
rose aigher than 165 mEq/L or the serum osmolality level patients who responded poorly other measurements such as 
exceeded 365 mOsm/L. Under these cireumstances, he serum sodium level and change in body weight, must be 
recommended the use of hypotonic or sodium-free solutions considered. 
until the hyperesmolar state was corrected. Moncrief^ 
believed that the use of hypertonic saline solutions for fluid THE DEREN, coon 
replacement would ‘ind its greatest clinical application in 
the elderly patient to minimize the chance of cardiac Harrison and his co-workers" recognized that signifi- 
decompensation “rom circulatory overload. cant fluid and electrolyte derangements could oceur with 
In a recent review of 1,027 patients, Davies and his major partial-thickness burns. However, most authors 
assoc ates" reported the total fluid, colloid, and sodium considering fluid replacement emphasize the importance of 
actually administered based on a variety of clinical signs the full-thickness burn, indicating that the partial-thick- 
and measuremeats. They found the various formulas ness burn is much less important physiologieally.'^ With a 


predicted the fluid and electrolyte requirements reason- small-area, partial-thickness burn, this is undoubtedly true; 
ably well, and they observed that urinary output was low however, the physician managing the patient with a 
during the first aight hours after burning despite resusci- large-area, partial-thickness burn is confronted by a vastly 
tative efforts. different situation. Six individuals treated at the Univer- 


sity of Rochester Medical Center in recent years emphasize 
FLUID REPLACEMENT TODAY this point. All of them suffered flash burns that involved 

It is clear from this review that most authorities favor ^ over 45% of body surface. Five patients suffered no 
the use of large amounts of fluid for the management of full-thickness skin loss, and the sixth individual eventually 
burn shock. Most workers agree that significant amounts required skin grafting of less than 2% of body surface. In 
of sodium shoud be included in the fluid regimen. each patient, fluids were administered intravenously only 
Althcugh few American surgeons are currently impressed rapidly enough to maintain urinary output in excess of 30 
with the role o^ whole blood and colloid in the early mL/hr. In each patient, efforts to reduce the rate of fluid 
postburn period, there continues to be disagreement on replacement were curtailed because urinary output 
this subject. There is also disagreement as to the proper pH dropped precipitously. All patients received a combination 


and tonicity for replacement fluid mixtures. of lactated Ringer’s solution and albumin. No evidence of 
Since the control of burn shock has been successfully ^ pulmonary edema or of mental confusion developed in any 
carried out by all investigators using the various formulas, of them. All patients had huge losses of fluid through the 


it seems that there is no strong reason at present for burned surface, and significant transient peripheral edema 
preferring one approach over another. The physician developed in all of them. Their fluid requirements are 
caring for the severely burned patient should become given in the Table. These patients required fluid volumes 
thoroaghly famil ar with one fluid regimen and recognize 1.5 to 2.5 times greater than those predicted by the Brooke 
the different requirements for patients in different age formula, and the major fluid requirements extended into 
groups. The physician should also remember that no formu- the second 24-hour period after injury. 


Fluid Requirements for the Patient With Extensive Partial-Thickness Burns 


Patient's Fluid Needs by 




















Actual Fluid Replacement, mL Formula*, mL 
% of Body Area | —_—weic“ mm 
Pa'ient No./Age, yr/Sex Burned Weight, kg 1st 24 hr 2nd 24 hr 1st 24 hr 2nd 24 hr 
1/17/M 85 65 28,000 7,500 8,500 5,250 
| 
3/28/M 65 90 10,690 17,220 11,000 6,500 
4/27/M 65 97 27,000 10,590 11,700 6,850 
5/28/M 70 75 18,600 8,130 9,500 5,750 
6/51/M 45 100 24,790 10,570 11,000 6,500 








*Brooke formula calculated as a 50% burn. 
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Although large-area, partial-thickness burns are unu- 
sual, the physician managing the care of an individual with 
this injury must be aware of these extremely large fluid 
needs. These requirements are based on the loss through 
the injured skin of large amounts of fluid containing 
protein and sodium. Passage of fluid through the burned 
surface is not prevented by dressing care, and the rate of 
loss may remain rapid for over 24 hours. Even after the 
initial rapid loss has ceased, significant evaporation from 
the injured surface continues. Abnormally large losses of 
fluid and of body heat continue until epithelial continuity 
is restored by skin regeneration, a process that takes a long 
period of time when a large area of the body surface is 
injured. 

The patient with a large-area, partial-thickness burn has 
at least two other problems that warrant the attention of 
the physician. Since the patient with a large-area, full- 
thickness burn has destroyed many cutaneous nerve 
endings, there is frequently surprisingly little pain. In 
contrast, the patient with a partial-thickness injury usually 


has many intact nerve endings in injured tissue. Conse- 


quently, pain is a major problem. This pain requires 
narcoties for its control, and during the initial shock phase 
it is important that these drugs be administered intrave- 
nously in doses of sufficient size to afford relief. Burn 
wound sepsis may be another critical problem for the 
patient with a large-area, partial-thickness skin injury. If 
secondary infection is allowed to progress unchecked, the 
continuing tissue injury may convert a partial-thickness 
burn into a full-thickness skin loss. This development can 
seriously jeopardize the patient's recovery. Therefore, the 
patient with a large-area, partial-thickness skin injury 
requires careful local tissue management with appropriate 
use of surface debridement, topical antibioties, and dress- 
ing care. 

To consider any large-area burn, either full- or partial- 
thickness, a minor problem is a mistake. The patient with 
only partial-thickness skin loss should be restored to health 
more rapidly, but if the burned area exceeds 30% of body 
surface, careful medical and nursing care is essential to 
ensure a satisfactory recovery. 
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prompt narcotic/analgesic 
relief without A.PC. 


The principa! analgesic ingredient, oxycodone, is 
a semisynthetic narcotie with multipie actions 
qualitatively similar to these of morphine. The 
analgesic effect of oxycodone begins within 10 to 
15 minutes after oral administration, peaks at 45 
minutes, and persists for 3 to 6 hours.* Acetamin- 
ophen, a non-narcotic analgesic, complements 
the pain relief provided by:oxyzodone. 


Summary of Prescribing Information 
Contraindications: Hyperssnsiivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeated administration; prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act. 

Usage in ambulatory patiemts: Caution patients that 
oxycodone may impair mental and/or physical abili- 
ties required for performanc=of potentially hazardous 
tasks such as driving a car ar operating machinery. 
Interaction with other Central Nervoes System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics. pnenothiazines, other 
tranquilizers, sedative-hypnctics or cther CNS 
depressants (including alconol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agents should be reduced 

Usage in pregnancy Sate use not established. 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory cepressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of heac injury, other intracranial lesions or a 
pre-existing imcrease in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
injuries 

Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal eencitions. 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethra stricture. 


Adverse Reactions: Mosi frequent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient lies down. Others: euphoria, dysphoria, 
constipation. skin rash and pruritus. 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant.to the analgesic efiect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 
dose is one capsule even, 6 hours as needed for 
pain. 


Drug Interactions: CNS depressant effects may be 
additive with that of other CNS depressants. See 
Warnings. 

Caution: Federal law protibits dispensing without 
prescription 

For information on symptoms: treatment of over- 
dosage, see full prescribing information. 

Full directions for use should be read before adminis- 
tering or prescribing. 


"Halpern. L.M., and Bonica, J.J., “Analgesics,” in 
Modell, W, ec. Drugs cf Choice 1976-1977, St. Louis, 
The C.V. Mosby Co., 1976. p. 213. 0775 


CAPSULES | 


oxycodone HCI* 4.5 mg, 
oxycodone terephthalate* 0.38 mg, 
acetaminophen 500 mg 


*Warning: May be habit forming. 


McNeil Laboratories, |AcNEIL AB, Inc., Fort Washington, PA 19034 
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Mineral Metabolism of the 


Healing Arterial Wall 


Walter J. Pories, MD; Ali Atawneh, MD; Richard M. Peer, MD; Richard C. Childers, MD; 
Richard L. Worland, MD; Stephen A. Zaresky, MD; William H. Strain, PhD 


e The mineral metabolism of healing arterial walls was studied 
by measuring the accumulation of several radioisotopes at the 
site of vascular repair in rats. Each rat was subjected to a 1-cm 
full-thickness aortotomy and then immediately injected by tail 
vein with c 5 „Ci of one of the following radioisotopes: chromic 
chloride Cr 51 or sodium chromate Cr 51; ferrous chloride Fe 59 
or ferric chloride Fe 59; manganous chloride Mn 54; selenious 
acid Se 75; strontium chloride Sr 85; or zinc chloride Zn 65. At 
intervals of 1, 2, 4, 6, and 10 days after operation and injection, 
groups of four rats for each radioisotope were killed, aortas 
dissected, and the specific radioactivity of healing vascular 
tissue compared with that of adjacent normal artery. There were 
sharp and statistically significant differences in the preferential 
accumulation of the radioisotopes in healing compared with 
normal aorta. Zinc appeared to be the element most involved in 
vascular repair, followed by selenium and chromium. 

(Arch Surg 114:254-257, 1979) 


rat model has been developed to study the uptake with 
time of radioactive zinc and several other radionu- 
clides in aortotomies to investigate the mineral metabo- 
lism of the healing arterial wall. Radioactive zinc uptake 
studies by healing incised skin wounds,’ and zine 65 
translocation patterns; were used in the experimental 
work on rats that led to the development of zinc therapy 
for wound healing.’ Because the translocation investiga- 
tions also demonstrated an accumulation of radioactive 
zinc in the aorta, it seemed highly probable that zinc was a 
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factor in arterial repair. 

The rad oisotopes investigated comprised radionuclides 
of chromium, iron, manganese, selenium, strontium, and 
zinc. They were selected on the basis of desirable nuclear 
properties and biochemical roles, all of which are collected 
on Table 1. Chromium is of interest chiefly as a carbohy- 
drate regulator.^* Iron is the metal essential for respirato- 
ry enzymes both for oxygen transport and use.’ Manganese 
is required for many enzymes and for the formation of 
connective tissue and bones.* Selenium has many biochem- 
ical functions, but prevention of nutritional myopathy in 
sheep and of exudative diathesis in poultry is the type of 
biochemical action of possible importance to arterial 
repair? Strontium 85 is useful in the study of caleium 
metabolism because it has a convenient half-life.” Zinc has 
functions n numerous enzymes, but its role in growth and 
healing is of greatest concern for arterial metabolism.” 

The data obtained in the earlier work on zinc 65 uptake 
in skin repair indicated that a ten-day interval was satis- 
factory to determine whether an element participates in 
healing, and this same time interval was used for the 
arterial studies. All of the radioisotopes were gamma 
emitters with long half-lives so that there were no decay 
problems over the ten-day period of study. 


METHODS 


Young acult male Sprague-Dawley rats that weighed 300 to 350 
g were used as experimental animals. Each rat was anesthetized 
with intraperitoneal pentobarbital sodium, was shaved, and was 
prepared for laparotomy with a hexachlorophene scrub. The 
abdomen was then sprayed with povidone-iodine, and the abdom- 
inal aorta was exposed through a midline incision. Under semister- 
ile conditions, the aorta was dissected free of fatty and connective 
tissue but vas not separated from the closely adherent vena cava 
sinee exper ence showed that this procedure often led to excessive 
bleeding. After proximal and distal control of blood flow was 
achieved br clamping the artery with 27-mm serrefines, a 1-cm 
incision was made through the aortic wall as shown in Fig 1. The 
incision was then closed with No. 6-0 arterial silk and minimal 
bleeding was controlled by pressure. The abdomen was closed in 
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layers with No. 3-0 polyethylene sutures. A patency rate of 97% 
was achieved in the 200 surviving rats that were used in the 
study. 

After operation, 300,000 units of penicillin G potassium that 
were dissolved in 3€ mL of lactated Ringer’s solution were injected 
subcutaneously in three 10-mL pools around the shoulders of each 
rat. Immediately after this injection, 1 mL of a normal saline 
solution containing e 5Ci of one of the radioisotopes was injected 
intravenously by means of a lateral tail vein. Carrier-free radio- 
isotopes were used as follows: chromic chloride Cr 51, sodium 
chromate Cr 51, ferrous chloride Fe 59, ferric chloride Fe 59, 
manganous chloride Mn 54, strontium chloride Sr 85, selenious acid 
Se 75, and zine ehloride Zn 65. Twenty-two rats were used for each 
radioactive element studied and the spare rats were used for 
miscellaneous studies. 

Four rats from each group were killed by decapitation at 1, 2, 4, 
6, and 10 days after operation. Blood samples of 1 mL were 
collected from each rat in heparinized tubes, and the rat was 
dissected. Normal aorta that weighed approximately 50 mg and 
wounded aorta of about the same weight were removed and 
weighed. All of the thoracic aorta was taken as normal, and all of 
the abdominal aorta from the diaphragm to the bifurcation was 
removed as wounded tissue so that each rat served as its own 
control. Comparat ve measurements on unoperated rats showed 
that the retentior of radioisotopes by the aorta is essentially 
uniform over the entire length. 

Each aorta was rapidly weighed to 1 mg, was placed in a glass 
counting tube, and was counted for radioactivity in a deep-well 
gamma scintillaticn counter that was equipped with 3.81 em (1% 
in) sodium iodide crystal. An aliquot of each injected radioisotope 
was counted at the same time as the aorta tissues to serve as a 
reference standard. The data were analyzed by computer to give 
percent retention per gram of aorta for each rat, mean of the four 
samples, and ranges. These data were analyzed statistically. A t 
test of the pooled variances with 6 df was performed and the best 
values for t and significance P were recorded. 

The experiments were conducted under the supervision of a 
health physicist. The rats were individually housed in stainless 
steel cages after injeetion of the standard dose of c 5 aCi of each 
radioisotope that was under investigation. The feces were 
colleeted, counted. dried, and eventually dispatched to a nuclear 
burial site. The rat carcasses were stored for several months under 
refrigeration to reduce the radiation level through decay before 
final ashing in a furnace. The incineration was carried out at a low 
temperature with the ashing of a few rats at a time. Little 
radioactivity was lost to the environment as determined by 
counting whole rats and ash. The rat ash was finally dispatched to 
a nuclear burial site. 


RESULTS 


The results are shown graphically in Fig 2. In these 
graphs, the solid lines indicate radioisotope retention by 
the normal aortas and the dotted lines represent the 
uptake by the aertotomies. Table 2 gives the best values for 
t test and significance "P" for the differences between the 
retention of various radioisotopes in control and wounded 
aorta segments. 


COMMENT 


The comparison of the uptake of various radioisotopes by 
healing and normal control aorta in the same rat shows 
promise of yielding important additional information on 
the metabolism of the arterial wall. Use of small animals 
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Table 1.—Nuclear Properties of 
Radioisotopes and Biochemical Role of Elements 


Half-life 
Radioisotope in Days Biochemical Role of Stable Element 


Chromium 51 27 Carbohydrate regulator 
Iron 59 40 Oxygen transport and use 
Manganese 54 300 . Mucopolysaccharide synthesis 


Selenium 75 120 Prevention of nutritional myopathy and 
exudative diathesis 


64 Calcium metabolism indicator 
245 Growth and healing 


Strontium 85 
Zinc 65 


Right lliolumbar 
Artery and Vein 





Fig 1.—Sutured aortotomy 1-cm long made into abdominal aorta. 
After aortotomy and closure of midline incision, c 5 uCi of one of 
the radioisotopes in 1 mL of normal saline solution was injected 
via a tail vein. At death, radioactivity of injured aortic segment was 
compared with that of proximal untraumatized artery. 


permits multiple observations with reasonable expense. 
The surgical technique is simple and gives survival and 
vascular patency rates of 97%. Radionuclides offer an easy 
approach to the study of mineral metabolism. The data 
presented graphically in Fig 2 with the small number of 
radioisotopes studied show the kind of comparisons that 
can be carried out with this technique. 

Zinc 65 demonstrated the most active exchange in both 
healing and control tissue. The actual differences between 
the healing and control tissues are probably much greater 
than measured because the healing specimens were diluted 
by the presence of normal tissues all around the aortotomy. 
That zine 65 accumulates preferentially in the area of 
arterial repair is in accord with previous reports that this 
element migrates into healing bone, muscle, and skin. 

Selenium 75 behaves like zinc but accumulates to a lesser 
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Table 2.—Comparison of Radioisotope Retention by 
Healing and Normal Aortic Tissue 


Radioisotope 

Chromic chloride Cr 51 0. = 
0.050 
0.100 
0.100 
0.100 
0.010 
0.150 
0.005 


Y 
2.47 
1.50 
1.91 
1.68 
3.35 
1.15 
4.25 


Sodium chromate Cr 51 
Ferrous chloride Fe 59 
Ferric chloride Fe 59 
Manganous chloride Mn 54 
Selenious acid Se 75 
Strontium chloride Sr 85 
Zinc chloride Zn 65 





*Shown by best values for t test and significance P. 


degree. The initial uptake by the arterial wound is rapid 
and substantially greater than that of the control aorta. 
After six days, the wound and control areas have reached 
the same levels. Selenium and zinc are especially important 
in studies on arterial metabolism since they effectively 
protect against damage that may be produced by 
cadmium. 
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Fig 2.—Comparison of accumulation of radioisotopes in normal 
and woundec rat aortas. Results are expressed in percent of 
injected dose per gram of tissue (mean and range) for ten days 
following aortotomy and injection. As arranged from top to 
bottom, following comments apply: Chromic Chloride Cr 51.— 
Comparative accumulations of chromic 51 ions in aortotomies 
and normal artery exhibit little difference over ten-day period. 
Deviations seen at four and six days may be due to sampling 
errors. Sodium Chromate Cr 51.—Accumulations of chromate 51 
radioactivity by control and wounded aorta segments are essen- 
tially same after day 4. Ferrous Chloride Fe 59.—Large differences 
on day 6 in comparative radioactivity may be associated with 
hemorrhage at repair sites. Ferric Chloride Fe 59.—Ferric 59 
radioactivity gradually accumulates more in aortotomies with 
time, perhaps after reduction to ferrous 59. Manganous Chloride 
Mn 54.—Manganous 54 shows little alteration in uptake of radio- 
activity with Dassage of time in wounded or normal artery. 
Selenious Acid Se 75.—Selenite 75 accumulates preferentially in 
aortotomies during first four days. Strontium Chloride Sr 85.—Flat 
curves of strontium 85 uptake suggest no participation of this 
element in healing or in vascular metabolism. Zinc Chloride Zn 
65.—Definite differences in uptake of zinc 65 by aortotomies 
compared with normal aorta are similar to those observed in skin 
repair. 






Manganeus 54 rapidly leaves the blood and enters the 
aortic wall. Although the radioisotope leaves the blood, the 
arterial wound values change little during the ten days of 
observation. Manganese is involved in nuclear and mito- 
chondrial metabolism and may be intimately associated 
with biochemistry of the hexuronie acids. 

The low uptake of strontium 85 in arterial PERENS is 
surprising because the metabolism of strontium and 
caleium are similar.^ The heavy caleification of diseased 
arteries mzy be an important clue in the investigation of 
mineral metabolism of the arterial wall. 

The effect of valence states on the metabolie pathways 
of these elements seems to be important. Comparisons of 
chromic 51 with chromate 51 and ferrous 59 with ferric 59 
ions show that there are definite differences. Chromic 51 
ion, which remains largely in the plasma, had a distribution 
pattern similar to that of manganous 54, with a rapid 
initial upteke by the arterial wall followed by a slow 
translocation. The comparison is interesting because 
manganous 54, in contrast to chromic 51 leaves the blood- 
stream quickly and evidently follows a different transloca- 
tion patterr. The chromate 51 ion, which rapidly enters the 
RBC, is retzined by the arterial wall at about half the level 
of the chromic 51 ion. The data on the uptake of ferrous 59 
and ferric 59 ions show similar differences. Ferrous iron 
entered the arterial wall more rapidly than ferric, but local 
hemorrhages may have influenced the measured values. 
Thus, the lower valence states of both ions seem to be more 
readily usec by healing tissues. 

These and related measurements may find application 
for the study of total parenteral nutrition (TPN) in patient 
care. The uotake of radioactive selenium by the healing 
artery suggests that selenium should be provided whenev- 
er arterial repair is taking place. In support of this concept, 
the analyses of Hankins et al'* show that patients receiving 
TPN may have abnormal trace element profiles, which 
includes selenium. Many other publications show the need 
for trace element supplements in TPN, especially for zinc, 
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and suggest apprcpriate supplementation'*-? 

Concern about inadequate supplies of copper and zinc in 
parenteral alimertation is widespread. The needs have 
been well presented by Solomons et al who used data 
collected after the intravenous (IV) administration of 
solutions of crystalline amino acids to 13 patients with 
gastrointestinal disease who were studied prospectively 
over periods that ranged from eight to 45 days. Plasma 
copper levels decrease rapidly and consistently in all 
patients, but zinc concentrations declined at a more grad- 
ual rate. 

Loss of copper usually manifests itself in the develop- 
ment of anemia, and the loss of zinc results in skin and hair 
changes. Kay et al? have summarized their experience 
with 37 adult patients totally supported by IV alimentation 
with dextrose, and intralipid and crystalline amino acids. 
In four of these patients, plasma zinc values decreased to 
low leveis, and a syndrome developed in these patients that 
was characterizec by diarrhea; mental depression; parana- 
sal, oral, and perioral Germatitis; and alopecia. The 
response to oral cr IV zinc therapy was rapid and striking 
although hair regrewth was delayed. The syndrome resem- 
bles the parakeratosis of zinc-deficient swine”? and is 
very similar to aerodermatitis enteropathica (AE). Tucker 
et al reported a similar development of cutaneous mani- 


festations that resembled AE in a patient receiving long- 
term parenteral nutrition. They pointed out that this 
experience adds to accumulating evidence that supplemen- 
tation of trace elements is needed in TPN. Strain et al” 
reported elevated serum copper levels in an infant with AE 
and found that zinc therapy normalized the copper level as 
the disease responded to the added intake of zinc. 

Although zinc therapy is currently being actively studied 
throughout the world as a factor in growth and healing, 
much work is needed on vascular maintenance and surgical 
repair, where interrelations of the elements seem impor- 
tant. Some of these mineral interrelationships have been 
hinted at by comparative analyses of diseased and normal 
arteries as, for example, by Strain et al." Many of these 
problems were suggested by Hodgson’ in 1815, yet the 
biochemistry of blood vessels has not advanced to the point 
that prevention of arterial disease is possible. Intensive 
study of the elemental metabolism of the arterial wall 
offers great possibilities of minimizing the development of 
arterial disease by the improvement of vascular healing. 
Copper metabolism, especially, should be investigated in 
relation to vascular repair, but the short half-life of 12.8 
hours of copper 64 precludes the use of the radioisotope 
approach for this element. 
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In-vitro superiority " 
against today's 
gram-negative 

hospital pathogens” . 


Against 409 bacterial isolates, Amikin® 50 
(amikacin sulfate) activity was compared to 
leading injectable antibiotics. None of these 
agents inhibited as high a percentage of 
strains as did Amikin. 


Susceptibility determined by the agar dilution test 10 
method, data on file, Bristol Laboratories. *Caution, 
in vitro data cannot be directly correlated to clinical 








AMIKACIN 
GENTAMICIN 


effectiveness. 0 


Least inactivated 
in combination 


When carbenicillin or ticarcillin is combined 
in vitro with ordinary amincglycosides, a 
significant reduction in aminoglycoside 
activity may occur. Virtually unaffected in the 60 
presence of ticarcillin, Amikin is also 
minimally compromised by carbenicillin 





TOBRAMYCIN 
CARBENICILLIN 
CEPHALOTHIN 
AMPICILLIN 


COMPARATIVE AMINOGLYCOSIDE 
INACTIVATION IN SERUM* 


8 


% ACTIVITY 
8 





n a A 50 
...while other aminoglycosides may lose up 
to 50% of their activity! 

40 

30 

20 

10 

Adapted from Holt HA, Broughall JM, McCarthy M, 0 

et al: Interactions between aminoglycoside 0 6 12 18 24 


antibiotics and carbenicillin or ticarzillin, /nfection 
4(2): 07-109, 1976. 

*Caution , in vitro data cannot be directly correlated 
to clinical effectiveness. 






BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 

AMIKIN* (amikacin sulfate) 

For complete information, consult Official 
Package Circular (1) AMIKIN 5/27/76 






eighth-nerve function should be closely monitored in patients 
with known or suspected renal impairment and also in those 
whose renal function is initially normal but who develop signs 
of renal dysfunction during therapy. Evidence of impairment in 






Warnings: 

Patients treated with aminoglycosides should be under close 
clinical observation because of the potential ototoxicity and 
nephrotoxicity associated with their use. 

Ototoxicity, both auditory and vestibular, can occur in 
patients treated at higher doses or for periods longer than 
those recommended. The risk of amikacin-induced ototoxicity 
is greater in patients with renal damage. High frequency deaf- 
ness usually occurs first and can be detected only by audio- 
metric testing. 

The ototoxicity potential of amikacin in infants is not known. 
Until more safety reports become available, amikacin should 
be used in infants only in those specific circumstances when 
susceptibility testing indicates that other aminoglycosides 
cannot be used or are otherwise contraindicated, and when the 
infant can be observed closely for evidence of toxicity. 

Aminoglycosides are potentially nephrotoxic. Renal and 





renal, vestibular or auditory function requires discontinuation 
of the drug or dosage adjustment. 

Serum concentrations should be monitored when feasible, 
and prolonged concentrations above 35 mcg./ml. should be 
avoided. Urine should be examined for increased excretion of 
protein, cells anc casts. 

Concurrent and/or sequential use of topically ar systemi- 
Cally neurotoxic or nephrotoxic antibiotics should te avoided. 

Amikin should not be given concurrently with potent 
diuretics. 

Usage in Pregnancy: Amikin should be used i» pregnant 
women only when clearly needed. 















Indications: 

Serious infections due to susceptible strains of Cram-negative 
bacteria including oseudomonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., klebsiella-3nterobacter- 
serratia sp., and acinetobacter sp. Culture and sensitivity studies 
should be performed. 


INCUBATION (HOURS) 


Amikacin Gentamicin Tobramycin 
Ticarcillin ee 
Carbenicillin@ e ee eeee 000o 


"IM 


5 
LFATE 


Clinical studies have shown Amikin to be effective in bacteremia 
and septicemia (including neonatal sepsis); in serious infections of 
the respiratory tract, bones and joints, central nervous system 
(including meningitis) and skin and soft-tissue; intra-abdominal 
infections (including peritonitis; and in burns and post-operative 
infections (including post-vascular surgery). Clinical studies have 
shown Amikin (amikacin sulfate) also to be effective in serious 
complicated and recurrent urinary tract infections due to these 
organisms. Aminoglycosides, including Amikin injectable, are not 
indicated in uncomplicated initial episodes of urinary tract infec- 
tions unless the causative organisms are not susceptible to anti- 
biotics having less potential toxicity. 

Bacteriologic studies should be performed to identify causative 
organisms and their susceptibilities to amikacin. Amikin may be 
considered as initial therapy in suspected Gram-negative infections 
and therapy may be instituted before obtaining the results of sus- 
ceptibility testing. Clinical trials demonstrated that Amikin was 
effective in infections caused by gentamicin and/or tobramycin 
resistant strains of Gram-negative organisms, particularly Proteus 
rettgeri, Providencia stuartii, Serratia marcescens and Pseudo- 
monas aeruginosa. The decision to continue therapy with the drug 
should be based on results of the susceptibility tests, the severity 
of the infection, the response of the patient and the important 
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Broader 
therapeutic index 


Amikin’s Toxic-to-Therapeutic Index (ratio of 
toxic serum level to Mean MIC) is three times 
greater than the next leading aminoglycoside! 


md: 


EMIKACIN TOXIC LEVEL 


Amikacin Conc (mcg/ml) 


Amikacin 500 mg iM 
7.5 mg/Kg)" 
in volunteers 


Gentamicin Conc (mcg/ml) 


Because individual patient serum levels may 

vary from statistical averages, Amikin's 

broader margins reduce the risk of N 
subtherapeutic or toxic dosage. t 


S 
S 


GENTAMICIN TOXIC LEVEL ! 


Gentamicin 1 mg/Kg IMt 


AMIKACIN 


M=AN MIC GENTAMICIN 


MEAN MIC* 





* Data on file, Bristol Laboratories 

TConcentration curves adapted from: Winters RE, i 
Litwack KD, Hewitt WL: J Infect Dis 124 (suppl): 
590-595, December 1971 


Well tolerated 


As with other aminoglycosides, 

adverse auditory and renal reac- 

tions may occur at higher doses, 

reversible in some instances. But, 

in a study comparing the oto- and 

nephrotoxicity of amikacin and 

gentamicin among 53 monitored 

patients, Amikin demonstrated a 

significantly reduced side effects 1 
risk. (Other published studies have i 
shown little or no differences in 

toxicity). 

Special Note: In Amikin clinical trials, hearing 

loss was rarely clinical and usually an audio- 

gram was needed to identify such a loss. Ad- 

verse renal reactions due to Amikin usually 


consisted of elevations of serum creatinine 
and/or BUN, which were usually reversible. 


hus 1 2 232-4 46 $^ 1 3 
AMIKACIN 


JU. ae 34^ 7. 93 
GENTAMICIN 


COMPAR: SON OF OTO- AND NEPHROTOX:CITY 
IN ONE STUDY AS DETECTED B" AUDIOMETRIC 
& FENAL FUNCTION MONITORING 





AMIKIN GENTAMICIN 
TREATED TREATED 
PAT ENTS PATIENTS 

(27) (26) 








Adapted from Lerner SA, Seligsohn R, 
and Matz GJ. Comparative clinical 
studies of ototoxicity and nephrotoxicity 
of amikacin and gentamicin. Am J Med 
(special issue):113-117, June 1977. 


Probably today's most 
important hospital antib 





Please see following brief summary for prescribing information. 


additional considerations contained ir the "Warning" box above. 

Amikin has also been shown to be effective in staphylococcal 
infections and may be considered as initial therapy ender certain 
conditions in the treatment of known:or suspected staphylococcal 
disease such as, severe infections where the causative organism 
may be either a Gram-negative bacterium or a steahylococcus, 
infections due to susceptible strains of s:aphylococsi in patients 
allergic to other antibiotics, and in mixed staphyloeoccal/Gram- 
negative infections. 

Amikacin may 3e indicated in the weatment of necnatal sepsis 
when susceptibility testing indicates that other aminoglycosides 
cannot be used. In certain severe mfections suchsas neonatal 
sepsis, concomitant therapy with a penicillin-type drugsmay be indi- 
cated because of the possibility of infections due to Gram-positive 
organisms such as streptococci or pneumococci. 
Contraindications 
A history of hypersensitivity to amikacin. 

Warnings: 

See “Warning” box above. 

Precautions: 

Amikin is potentially nephrotoxic, ototoxic, end neurotamic. The con- 
current or seria! use of other ototoxic er nephrotoxic agents should 


be avoided either systemically or topically because of the potential 
for additive effects. Such agents include antibacterial drugs such 
as kanamycin, gentamicin, tobramycin, neomycin, streptomycin, 
cephaloridine, paromomycin, viomycin, polymycin B, colistin and 
vancomycin as well as certain diurectic agents such as ethacrynic 
acid or furosemide. 


Adverse Reactions: 
Ototoxicity —See "Warning" box. 

Nephrotoxicity — Albuminuria, presence of red and white cells, 
casts, azotemia and oliguria have been reported. 

Other— Skin rash, drug fever, headache, paresthesia, tremor, 
nausea and vomiting, eosinophilia, arthralgia, anemia, hypotension. 


Dosage and Administration: 

The usual I.M. or I.V. dose with normal renal function is 15 
mg/Kg./day divided into 2 or 3 equal doses administered at equally- 
divided intervals. For the heavier individual (greater than 100 Kg.), 
the total daily dose should not exceed 1.5 Gms. per day. 

When amikacin is indicated in newborns (see box "Warning ), it 
is recommended that a loading dose of 10 mg./Kg. be administered 
initially to be followed with 7.5 mg./Kg. every 12 hours. 

The usual duration of treatment is 7 to 10 days. The total daily 
dose by all routes of administration should not exceed 15 mg./Kg./ 


lotic. 


day for the average-weight person. In the unusual circumstances 
where treatment beyond 10 days is considered, the use of Amikin 
should be reevaluated and, if continued, renal and auditory func- 
tions should be monitored daily. 

For patients with impaired renal function, whenever possible, 
serum amikacin concentrations should be monitored by appropriate 
assay procedures. Doses may be adjustec in patients with impaired 
renal function either by administering normal doses at prolonged 
intervals or by administering reduced doses at a fixed interval. 

The solution for intravenous use is prepared by adding the con- 
tents of a 500 mg. vial to 200 ml. of sterile diluent such as Normal 
Saline or 596 Dextrose in Water or any other compatible solution. 

The solution is administered over a 30- to 60-minute period. 


Supplied: 

Rubber-capped vials as a ready-to-use sterile aqueous solution: 
100-mg., 500-mg., and 1.0-Gm. vials. 

Disposable Syringe (500 mg. per 2 ml.) 
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BRISTOI? Div. of Bristol-Myers Company 
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Festschrift 


On the Malignant Potential of 
Acquired Short Esophagus 


René Menguy, MD 


è Esophageal adenocarcinoma developed in an esophagus 
lined with columnar epithelium. The malignant potential of 
columnar metaplasia complicating long-standing gastroesopha- 
geal reflux and the implications of surgical management of 
acquired short esophagus are discussed briefly. 

(Arch Surg 114:260-263, 1979) 


t is generally accepted that untreated or inadequately 
treated reflux esophagitis may eventually lead to 
esophageal shortening and stricture formation. It is also 
generally agreed that acquired short esophagus with stric- 
ture may be associated with columnar metaplasia of the 
esophagus (Barrett’s esophagus; esophagus lined by gastric 
mucosa; columnar-lined lower esophagus; endobrachy- 
esophagus). There also appears to be general agreement 
concerning the acquired nature of esophageal columnar 
metaplasia. The theory of a congenital origin has been 
gradually abandoned for want of documentation. (The 
absence of a hiatal hernia in a patient with an esophagus 
lined by gastric mucosa should not be taken as proof of 
congenital origin since it is evident that gastroesophageal 
reflux may occur in the absence of a hiatal hernia. In fact, 
the most extensive example of esophageal columnar meta- 
plasia that I have seen occurred in a patient with scleroder- 
ma.) Better visualization of the esophageal mucosa 
provided by fibroptic esophagoscopy has yielded more data 
on the frequency of this phenomenon. However, the litera- 
ture is still unclear on the frequency with which columnar 
metaplasia occurs in patients with peptic stricture. 
Because many cases of acquired short esophagus are 
treated by “conservative” (ie, nonresective) operations, 
information on possible changes in the lining of the lower 
esophagus is not always available. Since I have begun using 
resection and intestinal interposition for peptic strictures, 
I have become impressed by the fact that varying degrees 
of columnar metaplasia are present in all cases of acquired 
short esophagus with stricture. The changes range from 
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focal, pa-chy islands of columnar epithelium just above the 
gastroesophageal junction to complete replacement of the 
squamous lining of the esophagus up to the level of the 
aortic arch. 

The most noteworthy feature of this entity, and one not 
yet widely appreciated, is the likelihood that this metaplas- 
tic tissue has a high potential for malignant degeneration. 
In 1968, Adler’ suggested that adenocarcinoma might arise 
from tris columnar epithelium. Since then, scattered 
reports nave appeared in support of this relationship.** 
The most thorough documentation of the malignant poten- 
tial present in metaplastic columnar epithelium may be 
found ir the recent reports of Naeff et al.^* My experience 
with a case illustrates this relationship particularly well. 


REPORT OF A CASE 


A 63-year-old man entered the hospital on March 7, 1976, 
complaining of severe, progressive dysphagia that had been 
present curing the preceding two months and of a recent 6.75-kg 
weight bss. Ten months previously he had consulted another 
physiciar for symptoms of esophageal reflux of approximately ten 
years' dvration. An upper gastrointestinal tract film (GI) series 
obtained at that time revealed a large, sliding hiatal hernia (Fig 1). 
No men-ion was made in the previous report of a definite 
scallopinz of the esophagus above the esophagogastric junction, a 
feature *hat should have raised the suspicion of early malignant 
change. Endoscopy had not been done. A second upper GI tract 
film series, obtained at this admission (Fig 2), revealed severe 
neoplastc stenosis of the lower esophagus, an impression 
confirmed by results of endoscopy and biopsy (adenocarcinoma). A 
metasta-ic survey was noncontributory. The patient underwent 
esophagegastrectomy with celiac and mediastinal node dissection 
through separate upper abdominal and right thoracic incisions. 
The specimen consisted of the entire thoracic esophagus and the 
proxima. half of the stomach. The right colon was interposed 
between the proximal esophagus at the level of the apex of the 
right pleural cavity and the distal portion of the stomach. In 
addition, a temporary tube gastrostomy and extramucosal pyloro- 
plasty were done. 

The esophagogastrectomy specimen measured 21 cm. The prox- 
imal 2 em of esophagus was lined by a pearly gray squamous 


epithelium. The remainder of the esophagus down to the esopha- 


gogastric junction was lined by a pink, velvety mucosa, similar to 
that of the stomach; a clearly defined transition line separated the 
two types of mucosa lining the esophagus (Fig 3). The lower part 
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Fig 1.—Sliding hiatal hernia in patient with long history of symp- 
toms of gastroesophageal reflux. Open arrow indicates esopha- 
gogastric junction. Solid arrow indicates persistent scalloping of 
contour cf lower esophagus that should have suggested possible 
neoplasie. 


of the colamnar-lined esophagus contained an ulcerating, invasive 
neoplasm measuring 6 x 4 x 1.7 cm and extending down to the 
esophagozastrie junction. Two centimeters proximal to the main 
tumor, a smaller (1.5 x 1.0 em) and more superficial neoplasm was 
present. Multiple seetions were taken from the two lesions and 
from the 2sophagus. The histologic appearance of both tumors was 
identieal: mucus-producing adenocarcinoma with numerous signet 
ring cells and blood vessel and lymphatic invasion. The proximal 
esophagus was lined by an orderly, stratified squamous epithe- 
lium. Diszal to a we. -defined squamocolumnar junction, the lower 
esophagus down tc the esophagogastric junction was lined by 
columnar epithelium exhibiting various degrees of dysplasia, 
particularly in aress close to the two foci of carcinoma (Fig 4 
through 7). Several mediastinal nodes contained metastatic 
mueus-producing acenocarcinoma. 

The patient recovered from the operation without complica- 
tions. He received adjunctive chemotherapy immediately, but four 
months later metastatic skeletal lesions appeared. 


COMMENT 


The histologic examination of the surgical specimen 
provided two important items of information. First, in the 
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Fig 2.—X-ray film taken ten months after Fig 1 shows obvious 
neoplastic stricture. 


part of the esophagus lined by columnar epithelium, the 
metaplastic glandular tissue had a variegated appearance 
ranging from a quiescent columnar epithelium to severe 
dysplasia to focal invasive adenocarcinoma. The more 
severe dysplastic changes were found close to the two foci 
of carcinoma. Second, the two discrete foci of cancer, the 
lower one more extensive and older and the higher one 
more superficial and more recent, suggest that the poten- 
tial for malignant degeneration inherent in this metaplas- 
tic epithelium is high. This evidence, when added to 
previously published reports, suffices to convince me, at 
least, of the strong etiologic relationship between columnar 
metaplasia and adenocarcinoma of the esophagus. 

Is it possible to quantitate this risk? Naeff et al found an 
8.5% incidence of esophageal adenocarcinoma among 140 
patients with extensive columnar metaplasia.‘ Giuli and 
Lortat-Jacob’ reported a 20% incidence of esophageal 
adenocarcinoma among 146 patients having undergone 
various operations for complicated reflux esophagitis 
(stricture and/or shortening of the esophagus). All of the 
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Fig 3.—Photograph (left) and sketch (right) of surgical speci- 
men. Note two distinct foci of adenocarcinoma. Sites from which 
sections sħown in Fig 4 through 7 were obtained are indicated. 








ra 
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Fig 4.—Flat columnar epithelium (hematoxylin-eosin, original Fig 5.—Columnar epithelium showing severe dysplasia (hematox- 
magnification x 25). ylin-eosin, 2riginal magnification x 50). 
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cases of malignamt degeneration were associated with 
columnar metaplasia. I have encountered this relationship 
in three of 35 cases with acquired short esophagus. 
Although short esophagus with stricture is an uncommon 
complieation of reflux esophagitis, the available data 
suggest that onee it has occurred, there is a risk of an 
adenocarcinoma o° the esophagus developing. Metaplastic 
mucosal changes and the presence of a stricture are 
obstacles to the early endoscopic recognition of malignant 
degeneration. 

A point that I wish to make relates to the surgical 
management of short esophagus with stricture. In recent 
years the trend has taken the direction of conservative 
(nonresective) cperations. Of these, the most popular 
appear to be the Thal procedure" and the Collis gastroplas- 
ty combined with a Belsey or a Nissen type of fundopliea- 
tion." Although Naeff et al claim that antireflux opera- 
tions may arrest the cephalad progression of heterotopic 
columnar epithelium, their data also indicate that once 
columnar metapiasia has taken place, it cannot be reversed 
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Fig 7.—Proximal tumor. Histology of distal tumor was identical 
except for more extensive invasion (hematoxylin-eosin, original 


magnification x 50). 
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by eliminating reflux via an antireflux operation.'* 
Furthermore, the heterotopic epithelium appears to retain 
its potential for malignant degeneration even after the 
gastroesophageal reflux has been corrected. Naeff et al* 
described an adenocarcinoma in metaplastic columnar 
mucosa that developed 2% years after fundoplication. 
Pearson" related two similar occurrences 2% and three 
years, respectively, after Collis gastroplasty and Belsey 
fundoplieation. Such experiences should give one pause. 
Yet, according to Naeff et al "Whenever it [columnar 
metaplasia] develops as a complieation of hiatus hernia, 
surgical correction by an antireflux operation such as a 
Nissen fundoplication should be considered." For my own 
part, the awareness of the malignant potential in the 
esophagus shortened by reflux esophagitis, coupled with 
disappointing results after antireflux operations (an expe- 
rience shared with others’) have moved me to return to 
resection and intestinal interposition. 


This work was supported by Publie Health Service grants AM-17955-01 
and AM-17092-02 and by the George A. Bernard Shaw Research Fund. 
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the LEVEEN Peritoneo-Venous Shunt 





can achieve dramatic results 








The LEVEEN Peritoneo-Venous Shunt is an in vivo device 
containing a unique, one-way valve which permits the 
unidirectional flow of ascitic fluid from the abdomen to the 
vascular system whenever the intraperitoneal pressure 
exceeds the central venous pressure by 3 cm. of water. 


B-D and LeVEEN are trademarks of Becton, Dickinson and Company 
© 1978 Becton, Dickinson and Company ADO083 






The LEVEEM Peritoneo-Venous Shunt can improve the prognosis 
of patients with ascites who become refractory to medical 
measures. l- offers significant improvement in the control of 
ascites and reduces morbidity of such patients. The shunt can 
be used in escites of varying origin. 


Removes and prevents fluid buildup 

Implanted permanently in a simple surgical procedure, the 
LEVEEN Pertoneo-Venous Shunt returns peritoneal fluid to the 
superior vera cava through a pressure-sensitive extra- 
peritoneal valve. Through continuous reinfusion of the patient's 
own ascitic 3uid, the shunt removes and prevents fluid buildup. 


Clinical experience 

Postoperatiwe improvement following insertion of the LEVEEN 
Peritoneo-Venous Shunt is often dramatic, particularly in the 
reduction of abdominal girth. Improvement is generally 
evidenced by: reduced weight, increased urine output, 


improved renal function, lowered BUN and creatinine levels, 


Ray reduced aldosterone, 
--— elevated plasma protein 

(with a return of the 
albumin-globulin ratio 
toward normal), and 
greater patient comfort, 
mobility and ease of 
breathing. In many 
patients with marked 
— wasting before surgery, 
——— appetite is improved 

—— and body mass is re- 
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talaio. | gained postoperatively. ' 





Typical girth reducson in patient after shunt ins 


Dramatic re ief of symptoms. To date, the LEVEEN 
Peritoneo-Vesous Shunt has been placed in more than 1,100 
patients throughout the world. In one reported series of patients 
whose serurr bilirubin was less than 10mg/100 ml, who had no 
evidence of severe encephalopathy, and no recent episode of 
upper gastrentestinal bleeding, 71% were alive 18 months later. 
At 18 months these survivors had exceeded the survival rate 
expected for patients with refractory ascites treated with other 
accepted methods.* 


For further in-ormation about the LEVEEN Peritoneo-Venous 
Shunt and its clinical experience, write to Ms. Peggy Harding, 
Becton, Dick nson and Company, Rutherford, N.J., 07070, 

or call this tol free number for answers to your technical 
questions: 860-631-0174. In New Jersey call 201-460-2251. 


The LEVEEN Peritoneo-Venous Shunt. 


The reinfusion shunt controls ascites 
through continuous reinfusion of 
the patient's own ascitic fluid. 


BECTON-DICKINSON 
BD Division of Becton, Dickinson and Company 
Autherford, N.J. 07070 


Indications For Use: 

The LEVEEN Peritoneo-Vsnous Shunt may be 
indicated when the patient does not respond 
promptly to intensive medical management. 


The shunt is.designed tc eliminate the 
accumulation of ascitic fiuid. Shunt placement 
should be considered for treatment of ascites 
complicating the following conditions: 

1. Cirrhosis 

2. Budd-Chiari Syndrome 

3. Chylous Ascites 

4. Nephrogenic Ascites 

5. Biliary Atresia 

6. Amyloidosis 

7. Cryptogenic Ascites 


Contraindications For Use: 

In certain patients, the LEVEEN Peritoneo-Venous 
Shunt will nat be effective, or may be 
contraindicated because of secondary 
complications that outweigh its benefits. These 
conditions are: 


1. Peritonitis. This:should always be suspected 
when the peritoneal fluid is turbid. Peritonitis can 
occur without the usual signs and symptoms in 
patients with ascites. 

2. Esophageal Varices with a Recent History of 
Bleeding. |f ascites and variceal bleeding are 
present concurrently, treating the varices first 
may be indicated. 

3. Renal Failure. The shunt will not reverse the 
renal damage in patients with acute tubular 
necrosis or other types of primary renal failure. A 
low urine sodium concentration may be the best 
indication that the tubules are functional and may 
respond to a shunt. 

4. Bilirubin level above 10 mg/dl. 


Cautions: 

1. Esophageal Varices without Recent Bleeding. 
In patients whose varices nave been treated 
surgically, the shunt may be effective. 

2. Neoplastic Ascites. "^e LEVEEN 
Peritoneo-Venous Shunt has been used with 
Success in patients with intractable ascites 
associated withyprimary or metastatic 
intra-abdominalineopiasms.? The use of the 
shunt in such patients requires weighing the 
shunt's potential benefits against the possible 
hazard of generalizec dissemination of 
neoplastic cells which are commonly present in 
the ascitic fluid of these patients. 

3. Associated Cardiac Disease. Cardiac patients 
may be sensitive to increased blood volume due 
to sudden recirculation of large quantities of 
ascitic fluid. Removal of accumulated ascitic 
fluid from the abdomen at the time of shunt 
placement may be indicazed in such patients. 


— 


. LeVeen, H. H., Wapnick, S., et al: Further 
experience with Periteneo-Venous Shunt for 
Ascites. Annals-of Surgery, 184:574-581, 1976. 
Wapnick, S., Grosberg, S , et al: LeVeen 
Continuous Peritoneai-Jugular Shunt. JAMA. 
237:131-733, 1977. 
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A valuable guide to diagnostic and therapeutic procedures 
for the cancer patient ! 


Current Concepts in Cancer 


While national attention focuses on cancer through specialized cancer 
centers, physicians are aware that the majority of cancer patients 
are treated in office practices. For most practicing physicians, can- 
cer treatment is not a research objective, but a very practical prob- 

lem in patient management. 
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Current Concepts in Cancer, a compilation of articles originally 
published in the Jourral of the American Medical Association, is 
designed to be a guide for the practitioner in the choice of diagnostic 
and therapeutic procedures for many types of malignancies. It pre- 
sents an objective interdisciplinary view by MDs outstanding in their 
respective fields, emphasizing principles of diagnosis and surgical, 
radiotherapeutic, and chemotherapeutic treatment. 


Make this important resource a part of your reference file. Order 

your copy today. 

qj American Medical Association SJ g 
535 North Dearborn Street H 
Chicago, Illinois 60610 | 


Please send me copy(ies) of Current Concepts in Cancer 
(OP-281). Price is $10 per copy. Please enclose your remittance 


with order. 
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Festschrift 


Discontinuity Between the Heart and the 


Pulmonary Circulation 


Its Management With the Use of a Valved External Conduit 


Scott Stewart, MD 


e The Hancock conduit that contains a porcine xenograft valve 
has been used in part of the cardiac repair of 22 patients with 
complex congenital heart disease. Five patients had a severe 
form of tetralogy of Fallot; six had pulmonary atresia; five had 
transposition of the great vessels, ventricular septal defect 
(VSD), and pulmonic stenosis; five had truncus arteriosus; and 
one had “corrected” transposition, VSD, and pulmonic stenosis. 
The hospital mortality was 2/22. This conduit has proved a 
satisfactory method to establish right ventricular-pulmonary 
artery continuity. 

(Arch Surg 114:266-270, 1979) 


T o my knowledge, continuity between the right ventri- 
cle and the pulmonary artery in pulmonary atresia 
was first established by Lillehei et al' in 1955 by a direct 
anastomosis. As far as I know, an external conduit was 
first used by Rastelli et al in 1964. This was constructed 
from pericardium and did not contain a valve. Ross and 
Somerville’, in 1966, and subsequently MeGoon et al‘ have 
reported a series that use an aortic valve allograft. Late 
calcification in the wall of this allograft and difficulty in 
its procurement, preparation, sterilization, and storage led 
to the development of a synthetic conduit that contains a 
porcine xenograft valve. This conduit has been used in 22 
patients at the University of Rochester (NY) Medical 
Center during the past five years. Five patients had a 
severe form of tetralogy of Fallot. Two of them had 
discontinuity between the right and left pulmonary arter- 
ies as a result of an angulated Waterston anastomosis and 
one had an anomalous left anterior descending coronary 
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artery crossing the right ventricular outflow tract. Six had 
pulmonary atresia. Two of these also had a severely 
angulated Waterston anastomosis. Five had transposition 
of the grea- vessels, ventricular septal defect (VSD), and 
pulmonie stenosis. Two of this group had dextroversion. 
Five had truncus arteriosus and two of these had a 
pulmonary artery band. One had "corrected" transposition, 
VSD, pulmcnic stenosis, and dextroversion. 


SUBJECTS AND METHODS 
General Operative Consideration 


All operations were performed using cardiopulmonary bypass 
with hemodilation. The ascending aorta was cannulated for arteri- 
al perfusion end the venae cavae were cannulated through individ- 
ual purse-strng sutures for venous drainage. Profound cardiac 
hypothermia to 21 °C was established with perfusion. During this 
cooling period, patent Blalock anastomoses were ligated and a 
right atriotomy was performed to close any opening in the atrial 
septum (a pa-ent foramen ovale, a Blalock-Hanlon septectomy, or 
a balloon septostomy). Waterston anastomoses were manually 
occluded and a sump was placed within the left ventricle. The 
aortic cross c amp was then positioned and the perfusion temper- 
ature was elevated to 25 °C. All Waterston anastomoses were then 
dissected off the posterior aspect of the aorta; the right pulmonary 
artery was reconstructed as described by Ebert et al*’ and the 
posterior wal of the aorta was closed. In those patients with 
truncus arter osus, continuity between the truncus and the pulmo- 
nary artery was interrupted at this time. The aortic cross clamp 
was then released and an anastomosis was constructed between 
the conduit aad the pulmonary artery. The large pulmonary blood 
flow from aortopulmonary collateral vessels was frequently trou- 
blesome but could be managed by intermittently reducing the 
perfusion flow. A sump catheter was then placed through the 
conduit into fhe pulmonary artery; profound cardiac hypothermia 
was reestablished and the aortic cross clamp was repositioned. A 
vertical incision was made in the right ventricle that permitted a 
large proximal orifice and allowed the conduit to exit more 
smoothly witaout proximal angulation. A continuous suture tech- 
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Fig 1.—Top left, Severe hypoplasia of 
infundibulum anc pulmonary artery. Right 
pulmonary artery RPA) has become angu- 
lated onto aorta (ac) so that t is occluded. 
LPA indicates let pulmonary artery. Top 
center, Small richt pulmorary artery is 
angulated onto lateral wall of aorta. Top 
right, Site of anastomosis is dissected off 
aorta. Eottom left Aorta is closed and right 
pulmonary artery is reconsiructed with a 
patch. Bottom center left, Conduit is sewn 
onto pulmonary artery. Bottom center 
right, Ventricular septal defect is closed in 
usual manner. Eottom right, Conduit is 
sewn onto the veitical right ventriculotomy 
to reconstruct richt ventricular-pulmonary 
artery continuity. 


Fig 2.—Trunces is opened (top left) and 
orifice to pulmonary artery closed with a 
patch (top rigFt, bottom left). Verticle inci- 
sion is made in pulmonary artery through 
the band (bottom right). 
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Fig 3.—Conduit is sewn end to side onto 
pulmonary artery (top left). Right ventricle 
is opened (top right) and ventricular septal 
defect closed so that left ventricle ejects 
into truncus (bottom left). Conduit is 
trimmed and sewn onto right ventricle 
(bottom right). 


Fig 4.—Left, Vertical incision is made in 
pulmonary artery and pulmonary valve 
annulus is sutured closed. Center left, 
Conduit is sutured end to side into pulmo- 
nary artery. Center right, Internal conduit 
is sutured into right ventricle so that left 
E ventricle ejects into aorta. Right, External 
conduit is sutured onto ventriculotomy. 
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Fig 6.—Top left, Heart is in dextroversion. Left circumflex artery crosses left ventricle 
outflow tract. Top right, Conduit is sewn end to side into pulmonary artery after proximal - 
end is closed from within. Bottom left, Pulmonary valve annulus is hypoplastic. Bundle of 
His was identified along superior rim of ventricular septal defect. Bottom center, 


Ventricular septal defect is closed with a patch that avoids conduction tissue. Bottom 
right, Proximal end of conduit is sewn to left ventricle. 
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. nique through the patch material was used to close all VSDs and to 


position internal conduits. In cases of tetralogy of Fallot, the 
septal and parietal bands were mobilized enough to permit 
adequate visualization of the VSD. The proximal end of the 
conduit was then trimmed and sewn onto the ventricle. 


Tetralogy of Fallot 


The external conduit is useful in the management of patients 
with the severe form of tetralogy of Fallot who have small 
pulmonary arteries in addition to a small pulmonary valve annulus 
and a hypoplastic infundibulum. A large outflow tract patch in this 
group of patients may not entirely relieve the more distal obstruc- 
tion produced by small pulmonary arteries and may result in 
substantial pulmonary valve incompetence in the presence of 
residual pulmonary artery hypertension. This latter combination 
may lead to severe right ventricular dysfunction and the low 
cardiac output syndrome in the postoperative period. The external 
conduit in this setting permits an equal degree of relief of the 
obstruction at the level of infundibulum and annulus and, in 
addition, it provides a competent pulmonic valve. Three patients 
had a conduit placed because of this indication. Two patients had 
discontinuity between the right and left pulmonary arteries as a 
result of an angulated Waterston anastomosis. The conduit was 
used in their repair since I was not sure I could adequately 
reconstruct the right pulmonary artery. Subsequent output from 
the right ventricle might then have been into only the left 
pulmonary artery. Fortunately, an adequate repair of the pulmo- 
nary artery was achieved in each instance (Fig 1). One of these 
patients also had an anomalous left coronary artery across the 
right ventricular outflow tract. Although the use of an outflow 
tract patch has been described in this situation, an external 
conduit would seem safer. 


Pulmonary Atresia 


Six patients had pulmonary atresia. Two of this group also had 
an angulated Waterston anastomosis and were corrected in a 
manner similar to those in the group with tetralogy of Fallot. 


Truncus Arteriosus 


Two of these patients had undergone pulmonary artery banding 
as infants. They had type I truncus arteriosus and a single band 
had been placed about the main pulmonary artery at its confluence 
with the truncus. This precluded a safe dissection of that vessel 


from the truncus in the usual manner beeause of the severe 


reactive connective tissue formation between them. It was there- 
fore necessary to open the truncus and to elose the pulmonary 
artery orifice from within using a patch in a manner similar to 
that used for closure of an aortopulmonary window (Fig 2 and 3). 
The conduit was then sutured end to side into the main pulmonary 
artery that had been incised in a vertical direction through the 
band. | 

In the remaining patients, the conduit was sutured end to end to 
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the main pulmonary artery after it had been excised from the 
truncus. The conduit was then sutured onto the right ventricle 
after the V3D had been closed with an internal conduit that 
permitted tke left ventricle to eject into the aorta. Two deaths 
occurred ameng these patients. The first had pulmonary vascular 
disease and tricuspid incompetence secondary to remote bacterial 
endocarditis. She died with low cardiac output during the first 
postoperative day. The second death occurred in a patient who 
required sev2ral reoperations for persistent mediastinal hemor- 
rhage, later aad a neurologic deficit develop, and ultimately died 
from the consequences of renal failure. 


Transposition of the Great Vessels With VSD, 
Pulmonary Stenosis, and Dextroversion 


A Rastelli procedure was done for the five patients with 
transpositior of the great vessels, VSD, and pulmonary stenosis. 
An internal conduit was positioned such that the left ventricle 
ejected through the VSD and into the aorta, and an external 
conduit was situated between the right ventricle and pulmonary 
artery (Fig 4). The dextroversion in two of these patients 
prevented the conduit from assuming its usual position directly 
between the right ventricle and the pulmonary artery. If the 
conduit had been situated in that position, it would have been 
compressed Ly the sternum above it and the ventricle below it. It 
was necessary to interpose the conduit by a circuitous route to 
avoid that problem (Fig 5). 


Corrected Transposition With VSD, 
Pulmonic Stenosis, and Dextroversion 


Severe hypoplasia of the pulmonary valve annulus accounted for 
the reduced effective pulmonary blood flow in this patient. Since 
the left circumflex coronary artery crossed the outflow tract of the 
left ventricle the use of an outflow tract patch was not possible. 
Although this patient also had dextroversion, the position of the 
pulmonary artery was more anterior and to the right than in the 
preceeding patients with dextroversion. This permitted the 
conduit to be placed directly between the ventricle and the 
pulmonary artery (Fig 6). The course of the specialized intracar- 
diac conducton tissue was identified through the use of a 
previously described automated surface probe technique." This 
tissue was located along the superior margin of the defect, taking 
a direction similiar to that reported by others. The VSD was closed 
without disturbance in cardiac rhythm. 


COMMENT 


The Hancock conduit that contains a porcine xenograft 
valve has been a satisfactory method to establish right 
ventricular-oulmonary artery continuity in a variety of 
complex comgenital cardiac anomalies. Several of these 
cases were unusual technical situations that required 
modifications in the standard repair of these anomalies. 
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A national sample of 200 hospitals reports: 


96 per cent of major 
gram-negative pathogens 
remain sensitive 


A first-choice aminoglycoside for initial therapy* 
in suspected gram-negative infections”? 


Continuing high in vitro susceptibility 
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Brief Summary of Prescribing Information 


GARAMYCIN® Injectable, brand of gentamicin 
sulfate injection, USP, 40 mg. per ml. 

Each ml. contains gentamicin sulfate, USP 
equivalent to 40 mg. gentamicin 

For Parenteral Administration 

For complete information, consult official Package 
Insert, September 1976. 





























































WARNINGS 
Patients treated with aminoglycosides 
should be under close clinical observation 
because of the potential toxicity associ- 
ated with their use. As with other 
aminoglycosides, GARAMYCIN Injectable 
is potentially nephrotoxic. The risk of 
nephrotoxicity is greater in patients with 
impaired renal function and in those who 
receive ies dosage or prolonged therapy. 
Additionally, ototoxicity, both vestibular 
and auditory, can occur in patients 
treated with GARAMYCIN, primarily those 
with pre-existing renal damage and in pa- 
tients with normal renal function treated 
with higher doses or for longer periods 
than recommended. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
particularly for patients with reduced 
renal function. Urine should be examined 
for decreased specific gravity, increased 
excretion of protein, and the presence of 
cells or casts. Blood urea nitrogen, serum 
creatinine, or creatinine clearance should 
be determined periodically. Evidence of 
ototoxicity (dizziness, vertigo, tinnitus, 
roaring in the ears and hearing loss) or 
nephrotoxicity requires dosage adjust- 
ment or discontinuance of the drug. 

Serum concentrations of amino- 
[i ii de should be monitored when 
easible to assure adequate levels and to 
avoid potentially toxic levels. When 
monitoring gentamicin peak concentra- 
tions, prolonged levels above 12 mcg/ml 
should be avoided. When mentee gen- 
tamicin trough concentrations, levels 
above 2 mcg/ml should be avoided. 

in the event of overdose or toxic reac- 
tions, hemodialysis or peritoneal dialysis 
will aid in the removal of gentamicin from 
the blood. 

Avoid concurrent and/or sequential 
systemic or topical use of other poten- 
tially neurotoxic and/or nephrotoxic 
drugs, such as cephaloridine, kanamycin, 
amikacin, neomycin, polymyxin B, colistin, 
paromomycin, streptomycin, tobramycin, 
vancomycin, and viomycin. Other factors 
which may increase patient risk of tox- 
icity are advanced age and dehydration. 

Avoid the concurrent use of gentamicin 
with potent diuretics, such as ethacrynic 
acid or furosemide, since diuretics alone 
may cause ototoxicity When adminis- 
tered I.V., diuretics may enhance 
aminoglycoside toxicity by altering the 
cab concentration in serum and 

ssue. 


INDICATIONS AND USAGE Serious infections 
caused by susceptible strains of: Pseudomonas 
Reg M qu Proteus sp. (indole-positive and indole- 


negative), Escherichia coli, Klebsiella-Enterobacter- 
Serratia sp., Citrobacter sp., and Staphylococcus 
(coagulase-positive and coagulase-negative). 
Clinically effective in neonatal sepsis, septicemia; 
and serious infections of the central nervous system 
(meningitis), urinary tract, respiratory tract, 
gastrointestinal tract (including peritonitis), skin, 
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bone and soft tissue (including burns). Cul ure and 
sensitivity studies should be perormed. 
Aminoglycosides. including gentamicin, ar? not in- 
dicated in uncomplicated initial episodes cf urinary 
tract infections unless the causative organ sms are 
susceptible to these antibiotics and are not suscep- 
tible to antibiotics having less potential fo: toxicity. 
GARAMYCIN may be considered as initial therapy 
in suspected or confirmed gram-negative imections, 
and therapy may be instituted before cbtaining 
results of susceptibility testing. Continuec therapy 
with this drug should be based on the results of 
susceptibility tests, the severity of the infection, and 
the important additional concepts contained in the 
WARNINGS Box If the causative organems are 
resistant to gentamicin, other appropriate tarapy 
should be instituted. In serious infections when the 
causative organisms are unknown, GAFAMYCIN 
may be administered as initial therapy in sonjunc- 
tion with a penicillin- or cephalosporin-tvpe drug 
before obtaining results of susceptibility testing. If 
anaerobic organisms are suspected, consider using 
other suitable antimicrobial therapv in coajunction 
with gentamicin. Following identificatiom of tne 
organism and its susceptibility, appropriate anti- 
biotic therapy should then be continued. When ap- 
propriate, a penicillin-type drug can be used con- 
comitantly. GARAMYCIN Injectable has asso been 
shown to be effactive in the treatment © serious 
staphylococcal infections. While not the antibiotic 
of first choice, GARAMYCIN Injectable ma» be con- 
sidered when penicillins or other less potentially 
toxic drugs are contraindicated and oacterial 
susceptibility tests and clinical judgment indicate 
its use. CONTRAINDICATIONS Hypersensitivity to 
gentamicin. A history of hypersensitivity cr serious 
toxic reactions to aminoglycosides may also con- 
traindicate use of gentamicin. WARNINGS See 
WARNINGS Box. PRECAUTIONS Neurotoxic and 
nephrotoxic antibiotics may be absorbed f om body 
surfaces after local irrigation or applicatiom. The po- 
tential toxic effect of antibiotics administesed in this 
fashion should be considered. Increased n2phrotox- 
icity has been reported following concorritant ad- 
ministration of aminoglycoside antibictics and 
cephalothin. Neuromuscular blockade and 
Loar paralysis have been d n the cat 
receiving high doses (40 mg/kg) of gentamicin. The 
possibility of these phenomena occurrin3 in man 
should be considered if gentamicin is administered 
to patients receiving neuromuscular blocking 
agents, such as succinylcholine or tubocurarine. If 
blockade occurs, calcium salts may revese these 
phenomena. Elderly patients may have reduced 
renal function which may not be evident in the 
results of routine screening tests, such = BUN or 
serum creatinine. A creatinine clearance determina- 
tion may be more useful. Monitoring of renel function 
during treatment with gentamicin, as with other 
aminoglycosides, is particularly importart in such 
patients. Cross-allergenicity amonc amino- 
glycosides has been demonstrated, Patiemts should 
be well hydrated during treatment. Althowgh the in 
vitro mixing of gentamicin and carbenicilan results 
in a rapid and «lag atl inactivation of gentamicin, 
this interaction has not been demonstra ed in pa- 
tients with normal renal function who received both 
drugs by different routes of administratior. A reduc- 
tion in gentamicin serum half-life has bee» reported 
in patients with severe renal impairment receiving 
carbenicillin concomitantly with gentamtin. Treat- 
ment with gentamicin may result in ovesgrowth of 
nonsusceptible organisms. If this occurs. appropri- 
ate therapy is indicated. Usage:in Pregnarcy: Safet 

for use in pregnancy has not been established. 
ADVERSE REACTIONS MNephrotoxizity — Ad- 
verse renal effects, as demonstrated by the pres- 
ence of casts or protein in the urine or by rsing BUN, 
NPN, serum creatinine and oliguria, have been re- 
ported. They occur more frequently in pa ients with 
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a history of renal impairment and in patients treated 
with larger than recommended dosage. Neurotox- 
icity—Adverse effects on both vestibular and 
auditory branches of the eighth nerve have been re- 
ported, primarily in patients with renal impairment 
and in patients on high doses and/or prolonged 
therapy. Symptoms include dizziness, vertigo, tin- 
nitus, roaring in the ears and hearing loss. Numb- 
ness, skin tingling, muscle twitching and convul- 
sions have also been reported. Note: The risk of 
toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable 
at higher doses or for longer periods of time than 
recommended. Other reported adverse reactions 
possibly related to gentamicin include: respiratory 
depression, lethargy, confusion, depression, visual 
disturbances, decreased appetite, weight loss, and 
hypotension and hypertension; rash, itching, ur- 
ticaria, generalized burning, laryngeal edema, 
anaphylactoid reactions, fever, and headache, 
nausea, vomiting, increased salivation, and 
stomatitis; purpura, pseudotumor cerebri, pulmo- 
nary fibrosis, alopecia, joint pain, transient 
hepatomegaly and splenomegaly Laboratory ab- 
normalities possibly related to gentamicin include: 
increased serum transaminase (SGOT, SGPT), and 
increased serum LDH and bilirubin; decreased 
serum calcium, sodium and potassium; anemia, 
leukopenia, granulocytopenia, transient 
agranulocytosis, increased and decreased 
reticulocyte counts, and thrombocytopenia. While 
local tolerance of GARAMYCIN Injectable is gener- 
ally excellent, there has been an occasional report 
of pain at the injection site. Subcutaneous atrophy 
or fat necrosis a ee local irritation has been 
reported rarely. OVERDOSAGE In the event of over- 
dose or toxic reactions, hemodialysis or peritoneal 
dialysis will aid in the removal of gentamicin from 
the blood. DOSAGE AND ADMINISTRATION 
Please consult official Package Insert or latest 
Physicians’ Desk Reference. HOW SUPPLIED 
40 mg/ml in 2 ml (80 mg) vials; 1.5 ml (60 mg) and 
2 mi (BO mg) disposable syringes. Pediatric Inject- 
able, 10 mg per ml, in 2 ml (20 mg) vials. 
11076831 SEPTEMBER 1976 
AHFS Category 8:12.28 


For more complete prescribing details, consult 
Package Insert or latest Physicians' Desk 
Reference. Schering literature is also available 
from ya Schering Representative or Profes- 
sional Services Department, Schering Corpora- 
tion, Kenilworth, New Jersey 07033. 
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Steroids and Immunosuppression 


Effeet on Anastomotic Intimal Hyperplasia in 


Femoral Arterial Dacron Bypass Grafts 


Lawrence M. Hoepp, MD; Ahmad Elbadawi, MD; Michael Cohn, MD; 


Robert Dachelet, MD; Charles Peterson, MD; James A. DeWeese, MD 


* The effects oí steroids and immunosuppression on 6-cm 
long bilateral femoral arterial Dacron bypass grafts were studied 
in 30 adult mangre! dogs. The dogs were serially placed into one 
of the following three groups: control, steroid, and immunosup- 
pression. The control and steroid groups each had a 70% graft 
patency rate, whereas the immunosuppression group had a 
100% eight-week graft patency rate. The results in the steroid 
group were mot statistically different from the control group, 
whereas the results in the immunosuppression group were 
statistically different from the control. The decrease in internal 
diameter was secondary to a localized accumulation of tissue at 
the anastomotic site, which histologically appeared to be a 
hyperplastic intima morphologically different in each group. 
There is a substantial decrease in intimal hyperplasia at anasto- 
motic sites and a higher graft patency rate in dogs treated with 
low-dose azathioprine as compared with control or steroid- 
treated animels. The mechanism seems to be a slower and more 
orderly intimalization rather than suppression of any specific 
intimal cellular elements. 

(Arch Surg 114:273-276, 1979) 


T! he failure of arterial bypass grafts in the early postop- 
erative period is commonly ascribed to technical 
factors. The cause of late failures of arterial bypass grafts 
is more complex and not as clearly understood. A current 
theory holds that unless there is full endothelialization of 
the graft, the thrombogenic material that coats the lumen 
leads to sufficient narrowing that any decrease in flow can 
lead tc complete thrombosis.' Studies in our laboratory, on 
the other hand, implicate a localized intimal hyperplasia 
and stenosis at the anastomosis as the reason for thrombo- 
sis.’ 

The reascn for the development of the excessive intimal- 
izatior is unknown. There is a possibility that this build-up 
is a low-grade inflammatory process, in which case steroids 
might affee: the development of the lesions. Recent studies 


Accepted fer publication June 2, 1978. 


From the Department of Surgery, University of Rochester (NY) Medical 
Center. 


Reprint requests to 601 Elmwood Ave, Rochester, NY 14642 (Dr 
DeWeese), 


Arch Surg—Vol 114, March 1979 


in canine homograft carotid arteries show a more ordered 
intimalization with the use of low-dose azathioprine,’ 
suggesting that this drug might alter the characteristics of 
the hyperplasia. 


In an effort to further delineate the cause of late arterial 


bypass graft failures and attempt to prolong graft paten- 
cy, the following study using steroids and immunosuppres- 
sion was undertaken in a canine standard femoral-poplit- 
eal Dacron arterial bypass graft model.’ 


MATERIALS AND METHODS 


Thirty-one adult mongrel dogs weighing 15 to 27 kg were 
anesthetized with intravenous pentobarbital sodium. Under sterile 
conditions, a bilateral longitudinal incision was made medial to the 
sartorius muscle in the thigh and the femoral artery was exposed 
from the inguinal ligament to slightly beyond its first bifurcation. 
Heparin sodium, 1,500 units, was administered intravenously and 
the vessels occluded. Longitudinal arteriotomies, 10 to 12 mm in 
length, 4 to 6 cm apart, were made in the vessels. Infernal velour 
grafts 6 mm in diameter and 4 to 6 em in length were preclotted 
and their ends were cut obliquely. After placement of a mattress 
stitch at the acute angle of the anastomosis, the No. 6-0 polyprop- 
ylene suture was run as an eversible stitch up each side of the 
anastomosis and tied at the opposite end. The bypassed arterial 
segment was doubly ligated immediately adjacent to the anasto- 
mosis. Anticoagulation was reversed with 15 mg of protamine 
sulfate on release of occluding clamps. Penicillin G benzathine, 
600,000 units, was administered intramuscularly on the day of 
operation. 

The dogs were serially placed in one of three groups (control, 
steroid, and immunosuppression) and observed for eight weeks. 
The control group received no medication. The steroid group 
received methylprednisolone sodium succinate, 1 mg/kg intramus- 
cularly every other day, and the immunosuppression group 
received azathioprine, 1 mg/kg orally daily. The drug regimens 
were started on the first postoperative day. 


After killing the dogs, the grafts were removed and opened . 


longitudinally. The internal diameters of the proximal and distal 
anastomotic lumens were measured with millimeter calipers. The 
differences in diameter were subjected to statistical analysis by 
analysis of variance. Finally, the grafts were stained with hema- 
toxylin-eosin and hexachrome for histologic examination. The 


Steroids and Immunosuppression—Hoepp et al 273 


OR o ee 





>” 
» 44 Lc Jti 
bee! ta + - 


* » 
wee! WE tai 


CENTEA Y. ET E OMIM 
. - f LS ut rd ^d Tini " 
513 at ls Lal! a d ana Gt s aio Ec $: 


I E 


ax dl E NIS B LT " A LA 


i 
- 





= 
x 
> 
E 
H 
a) 
- 


SHIT 
| 
“4 


VUES 








- — : ^ 7 - 


Fig 1.—Photomicrograph of histology of anastomotic intimal 
hyperplasia. Control is dominated by mature collagen, little 
mucopolysaccharide substance, rare fibroblasts, and rare elastic 


fibers (trichrome stain, original magnification x 100). 


histologic appearance of the tissues found at the anastomotie sites 
in the different groups was recorded with specific attention placed 
on any cellular differences. 


RESULTS 
Patency 


In the control group, 14 of 20 grafts were patent at death 
yielding a 70% eight-week patency rate. There were no 
wound complications in this group. The group treated with 
steroids had exactly the same eight-week patency rate, 
namely, 70% (14 of 20). No wound complications occurred. 
The group that received immunosuppression had a 100% 
eight-week patency rate with 20 of 20 grafts open. One dog 
in this group had bilateral draining hematomas at 24 hours 
postoperation and, despite antibiotic coverage and re- 
exploration for evacuation and hemostasis, the graft 
became infected, with a resultant suture erosion and 
exsanguination. Since this occurred five days postopera- 
tively, this dog was not used in calculation of the data. One 
other wound in this group became superficially infected 
but resolved without drainage. 

The grafts that were widely patent with insignificant 
anastomotic narrowing had no mural thrombus and a 
glistening smooth lining. The grafts that had moderate 
anastomotic narrowing exhibited no mural thrombus or 
varying degrees of mural thrombosis throughout the 
length of the graft without a visible smooth lining surface. 
The occluded grafts were divided into two morphological 
categories. Those with a noticeably stenotic area at the 
anastomoses and filled with thrombus were presumably 
classified as late graft failures. The grafts that were 


. totally shrunken and whose center was composed of only 


fibrous tissue were considered to be early graft failures. 


Anastomotic Measurements 


The internal diameter in the control group averaged 2.85 
mm for 20 grafts in which zero diameter was assigned to 
thrombotic grafts. The distal internal diameters were 
slightly greater at 3.37 mm and the average diameter for 
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Fig 2.—Phetomicrograph of histology of anastomoti> intimal 
hyperplasie with methylprednisolone. Dominated by mucopoly- 
saccharide ground substance and fibroblasts, thin collagen, and 
few elastie fibers (trichrome stain, original magnification 
x 100). 
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Fig 3.—Phceomicrograph of histology of anastomotic intimal 
hyperplasia with azathioprine. Dominated by mucopolysaccha- 
ride grounc substance, moderate number of fibroblasts and 
elastic fibees, and thin collagen (hematoxylin-eosin, original 
magnification x 100). 


all control anastomoses considering proximal anc distal 
together was 3.11 mm. The steroid-treated grafts had 
similar internal diameters, with 3.08 mm proximally, 3.29 
distally, and combined diameter of 3.19 mm. The immuno- 
suppressior-treated grafts, which were all patent, had 
equal proximal and distal internal diameter at 5.42 mm and 
5.43 mm, respectively. 

The patent grafts were then considered separately, thus, 
excluding zny technical anastomotic problem thet may 
have led to early graft failure. In the control group, the 
internal dizmeter of the proximal anastomosis was 4.07 
mm. The steroid-treated grafts had similar diamete^s with 
440 mm proximally, 4.70 mm distally, and a 4.55-mm 
combined d ameter (Table 1). 

Using the analysis of variance technique to znalyze 
substantial differences, it was found that the internal 
diameter of either the proximal or distal anastomoses of 
the steroid zroup was not statistically different from the 
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Table 1.—Anastomotic Internal Diameters 











Combined, 
Proxima, mm Distal, mm mm 

All Grafts* l 

Control 2.85 3.37 3.11 

Steroid 3.08 3.29 3.19 

Immunosuporession 5.42 5.43 5.43 

P « .0C1 <.001 ` <.001 
Patent Grafts 

Control 4.0; 4.81 4.44 

Steroid 4.4C 4.70 4.55 

Immunosuporess:on 5.42 5.43 5.43 

P <.0C1 = .054 <.01 





*Internal diameter of thrombotic graft is 0. 


Table 2.—Histology 


Mucopoly- 

saccharide 

Ground Elastic 
Collagen Substance Fibroblasts Fibers 


Control Dominant Few Rare Few 


Dominant Few 


Steroid Thin Domi- 
nant 


Immunosup- Thin Domi- Moderate Moderate 


pression nant 


control group. The internal diameter of the proximal 
anastomosis of the immunosuppression group was statisti- 
cally different frem the control and the steroid group 
(P — .001) even when only patent grafts were considered. 
Although the diameters of the immunosuppressed distal 
anastomoses were greater than the other groups, the 
difference was no: quite significant (P — .054). Analyzing 
all grafts in each group, the diameter of the proximal or 
distal anastomoses of the steroid group were not statisti- 
cally different from the control group, but the diameters of 
both the proximal ard distal anastomoses of the immuno- 
suppression group were statistically different from both 
control and steroid groups (P < .001). Combining the diam- 
eters of the proximal and distal anastomoses, the steroid 
group was nct statistically different from control, but the 
immunosuppression group was statistically different from 
control and steroid groups (P < .01). 


Histolocic Findings 


Widely patent zrafts exhibited an endothelialization of 
the anastomctic area and approximately 1 em of the graft 
from each end. The remainder of the graft was coated with 
an amorphous fibrin lining varying to a depth of 1 mm. 
These grafts comprised all the immunosuppression group 
and a few centrcl and steroid grafts. The patent grafts 
that showed noticeable anastomotic intimal hyperplasia 
had a large amcunt of lzyered thrombus on the inner 
surface of the graft. These grafts were from the steroid 
and control groups. Noneontracted, totally thrombotic 
grafts exhibited almost tctal obliteration of the anasto- 
motie lumen by 3brous hyperplasia and were filled with 
thrombus without a lumen. Contracted thromboses grafts 
were composed of a dense. contracted fibrous scar tissue. 

The histologic make-up cf the intima and intimal hyper- 
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plasia was characteristic and different in each group 
(Table 2). The control group intima (Fig 1) was character- 
istically similar to fibrous portions of atherosclerotic 
plaques, namely, rich in collagen, acid mucopolysaccharide 
ground substances, a few slender elastic fibers, and scat- 
tered cellular components resembling smooth muscle cells. 
The steroid-treated intimal hyperplasia (Fig 2) was rich in 
mucopolysaccharide ground substance and cellular ele- 


ments, very thin collagen, and a few rare nonprominent. 


elastic fibers. The immunosuppression group (Fig 3) exhib- 
ited more elastic fibers at the anastomosis, large amounts 
of mucopolysaccharide ground substances, slightly greater 
predominance in fibroblasts, and a decreased amount of 
eollagen. 


COMMENT 


This study was conducted in a similar manner to 
previous graft material evaluation studies performed in 
our laboratory,?*° except the same graft material was used 
bilaterally in all dogs. The dogs were serially placed in the 
different groups so that each group had similar numbers of 
grafts performed by surgeons with low and increasing 
levels of experience. The adult dog was used because it has 
been shown to be the animal most similar to man in the 
healing cf the inner surface of the graft, although it differs 
by healing at a much faster rate.^ 

Many of the factors involved in arterial graft failure are 
complex and have been extensively studied. Early in-hospi- 
tal graft failures are commonly due to technical problems. 
The necessity for flawless technical anastomoses was 
reported as early as 1906 by Carrel and Guthrie’ as they 
recognized that faulty technique leads to the deposition of 
fibrin on the suture line and eventually oecludes the vessel. 
The effeet of the suture material has little influence on the 
failure rate of the graft, but silk has been observed to lose 
its tensile strength, breakdown, and have a propensity 
toward false aneurysm formation at the suture lines. 
Linton and Menendez' have shown that the end-to-side 
anastomoses have a much higher patency rate than end- 
to-end anastomoses in smaller vessels. 

Other uncontrollable factors implicated in failure of 
bypass grafts are peripheral runoff and the length of 
bypass." Of the factors implicated in late-graft failure 
probably the most intensively investigated is the conduit 
itself and its healing as it affects thrombosis. It is well 
recognized that a nonphlebitie autogenous vein is the best 
available material for small and medium sized arterial 
bypasses because of its pliability, inherent strength, and 
intima that is autogenous and viable. The remaining 
popular graft materials heal by the ingrowth of fibrous 
elements from the contiguous arterial and periarterial 
tissues into the graft”? and bloodstream seeding of cells 
that have the capacity to differentiate into fibroblasts or 
into proliferating endothelial cells.'?^^ Unfortunately, in 
contrast to experimental animals, actual healing of arterial 
prostheses in man except for the area contiguous with the 
parent vessel and a fibrin lining, is incomplete.'* Yates et 
al have shown that whenever fibrin or thrombus is 
present on the inner surface of a graft any adjacent 
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endothelium is contaminated with procoagulants from 
thrombogenic fibrin or thrombus and the internal lumen of 
the prosthesis remains thrombogenic. Yates maintains 
that only when endothelialization of the inner surface of 
the prosthesis occurs is the surface nonthrombogenic. 
This concept of surface thrombogenicity has led to the 
hypothesis that blood reacts to the flow surface by layering 
it with thrombus until the internal diameter is so narrowed 
that flow velocity increases, thus, preventing ^urther 
thrombus formation. Sauvage et al' maintain that this 
delicate equilibrium ean be upset by even a modest drop in 
cardiac output, resulting in total graft thrombosis. Studies 
in our laboratories? show that another process is taking 
place at the anastomosis that may be a dominant factor in 
small vessel graft failures. The unorganized buildup of 
fibrous material or intimal hyperplasia occurs at ar ongo- 
ing rate at the anastomotic area. This buildup occurs 
concentrically, progressively narrowing the proximal and 


distal lumens. As the diameter of the stenosis approaches - 


and eventually surpasses the “critical stenosis,” there is a 
flow drop across the area of anastomotic fibrous intimal 
hyperplasia with progressive graft thrombosis until total 
graft thrombosis ensues. 

This fibrous intimal hyperplasia has been found experi- 
mentally not only in Dacron grafts but also in bovine 
heterografts. It occurs in end-to-end and end-to-side 
anastomoses as a short concentrie stenotic area in both 
proximal and distal anastomoses. Imparato et al'* recog- 
nized that anastomotic intimal hyperplasia was the causa- 
tive factor in the late failures of at least one third of 
arterial reconstructions excluding the carotid end aorta. In 
spite of the observations by Imparato et al and the reports 
from our laboratories, the importance of anastemotic 
intimal hyperplasia has not been considered in most exper- 
imental and clinical studies on graft failures. 

The study was performed in an attempt to further 
delineate and prevent what we believe is a major factor in 
the failure of nonvenous arterial bypass surgery in 
medium and small arteries, namely, intimal hyperplasia in 
the anastomotic area of the graft. 

In. this study, we have found a direct relatienship 
between the degree of anastomotic intimal hypemplasia 
and the amount of luminal thrombus. The grafts with little 
or no intimal hyperplasia exhibited glistening lumens 
histologically composed of intimalized areas at the anasto- 
moses merging with thin fibrin-lined coverings at the 
middle sections of the graft. The patent grafts with tight 
constricting areas of anastomotic intimal hyperplasia 
exhibited patency only through a thick thrombuslined 
lumen. 

Methylprednisolone sodium succinate was used in this 
study to test one of our hypothesis that the intimal 
hyperplasia was due to an inflammatory buildup from 
exposed areas at the anastomosis. Azathioprine was used 


as an alternative drug based on the findings of Williams et 


al’ that small doses of azathioprine led to an orderly repair 
of endothelium and an increased patency rate in homo- 
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graft canine carotid arteries. 

The h stologic make-up of the intimal hyperplasia with 
its lack of mononuclear reticuloendothelial cells suggests 
that the process is not initiated or perpetuated as an 
inflammatory reaction. Whatever the stimulus, flow veloc- 
ity, turbulence, or unorganized endothelial ingrowth, the 
process E retarded and proceeds in a more order y fashion 
under the influence of small doses of azathioprine allowing 
increased patency rates. 

Fibrocs intimal hyperplasia at the anastomoses is a 
major factor in the late failure of medium end small 
arterial 5ypass grafts. The use of low-dose azathioprine 
inhibits the formation of the stenotic lesion cf intimal 
hyperplasia with an orderly endothelialization, tkus, allow- 
ing grea-er patency rates. 


Nonproprietary Name and Trademark of Drug 


Azathiopr ne—Jmuran. 
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Pharmacology of Sulfadiazine Silver 


Its Attachment to Eurned Human and Rat Skin 
and Studies of Gastrointestinal Absorption and Extension 


Howard N. Hzrrisor, PhD 


* The attachment of Ag'"-lebeled sulfadiazine silver (AgSU) to 
the burn wound of humans and full and partial thickness scald 
burns of rats was studied over time. The duration of Ag adher- 
ence to burned skin and the absorption and organ distribution of 
ingested AgSU was studied. Peak attachment to human burns 
was 1% of the administered dose in 24 hours. Rat wounds 
showed greater attachment. Dissections of the wounds showed 
81% to 98.7% of this attachment to be in the most superficial 
layers of cells and ro silver was observed in organs of surface- 
treated animals. Duration of attachment after one application 
was until wound slough with percent attachment dropping from 
5% to 1.7% over that time. Oral ingestion resulted in substantial 
silver deposition, particularly in liver and lungs. Clearance 
occurs in thrse weeks. The basic function of AgSU may be 
through the slow release of silver into the superficial wound 
environment. 

(Arch Surg 114:281-285, 1€79) 


he successful introduction of silver nitrate and mafe- 
nide to burn therapy in 1962 through 1963'? led Fox? 
to a logical extension of their use by combining silver and a 
sulfa drug. The cbjective was to combine the heavy-metal 
antibacterial action of Ag** with the antibacterial effect of 
sulfadiazine. The resulting substance, sulfadiazine silver, a 
white precipitate. only slightly soluble in most common 
solvents (water, alcohol, ard ether), has been effective at a 
1% concentration in reducing the development of invasive, 
early burn wound sepsis.‘ 
Because of its unusual chemical and physical qualities 
and the impertance of using sulfadiazine silver effectively, 
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an understanding of the quantitative aspects of movement 


into and attachment of the drug to burned skin and other 
organs of the body is essential. 

A preliminary report of this work using rat burn wounds 
was reported to the American Burn Association in 1972. In 
that study, 7% of the administered dose of Ag’ became 
attached to the burn wound of the rat within five hours of 
application. This attachment occurred in the epidermal 
layers only and penetrated into deeper cutaneous layers in 
less than 1% of the instances studied. The study reported 
here extends those observations to include human burned 
skin, partial thickness burn injury in the rat, and studies of 
the duration of attachment of Ag” to the burn wound once 
it has initially become attached. We also report on the 
absorption from the gastrointestinal (GI) traet and organ 
deposition and clearance rates of orally ingested sulfadia- 
zine silver in rats. 


METHODS 


One percent sulfadiazine silver cream from the commercial 
origin of the clinically used cream was labeled with tracer amounts 
of Ag''"-Jabeled sulfadiazine silver (40 uC/mmole). This material 
was plaeed on normal unburned skin, partial-thickness burned 
skin, and full-thiekness scald burns of 200 to 300-g Sprague 
Dawley rats. Full-thickness rat burns were produced by immersion 
in 98 °C water for 12 seconds. Partial-thickness injury was 
produced in six seconds. Hair was removed with a 12-minute 
treatment of a mild depilatory agent. The excess of labeled plus 
unlabeled sulfadiazine silver was carefully removed with a spatula 
and then by vigorous washing (75 strokes each with 13 separate, 
wet surgical sponges). The times studied were 0, 1, 4, 8, 14, and 20 
hours after topical application of the drug. The attached Ag” 
radioactivity in each wound was evaluated by comparing the 
average counts of six identical l-sq cm pieces of treated burn 
wound to the average of three pieces of untreated tissue from the 
same wound (estimation of background). A weighed sample of the 


unapplied cream was also counted as the reference for caleulations p 
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! 4 E ^ - 1 
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4 8 
Full thickness: rat 
burn, N — 7 
Full thickness: hu- 
man burn, 
N=8 
Partial thickness: 
rat burn, N = 6 
Unburned control: 
rat N = 6 


0.19+0.02 3.78+2.2 6.20+0.81 8.06+1.75 


0.17+0.08 1.98+0.8 0.26+0.201.43+0.8 


144-0.4 2.77+0.4 460+0.7 7.47+08 


0.025+0.010 0.24+0.08 0.07 + 0.09 0.13 + 0.08 


*Attachment to rat skin < human; P < .01. 


of Ag** adherence. 

Each treatment (full-thickness rat burn, partial-thickness rat 
burn, unburned rat skin, and burned human skin) was studied in 36 
separate replications. Six duplicate determinations were done at 
each of the six times postburn. 

The extent of attachment of the silver was measured by 
comparing the net counts remaining attached to the tissue after 
the “hydrotherapy” removal procedures outlined previously with 
the net counts placed on that piece of skin prior to removal. This is 
expressed as a percentage of the applied drug that attached itself 
to the skin. 

The anatomic level of penetration into the wound was evaluated 
by surgically splitting the skin (free hand) into upper, middle, and 
lower strata. Photomicrographs were taken of each stratum and 
showed that the upper level (level 1) included the epidermis and 


E dermis to the base of the hair follicles. Levels 2 and 3 were all 
. dense dermal connective tissue and the lower stratum (level 4) was 


eutaneous muscle. These are shown in Fig 1 and 2. 

.. Burned human tissue, which had been removed from burned 
patients by sharp surgical debridement under anesthesia at ten to 
30 days postburn, was studied for 1, 2, 4, 8, and 24 hours after 
application side-by-side with burned rat tissue. The strip of human 
tissue was placed on the wound in the space left by removal of the 
same size piece of burned rat skin. Care was taken to avoid 
eontaminating the cut edges of the human or rat skin. 

Possible penetration into blood, liver, lung, heart, pancreas, 
small intestine, and kidney was monitored by counting weighed 
samples of these organs in all animals on which sulfadiazine silver 

had been placed. 

To test absorption through a viable mucous membrane (in 
contrast to damaged skin), absorption from the GI tract was 
studied by placing 1.4 g/kg of the cream into the stomachs of rats 
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Fig 2.—Level 1 has been shaved off leaving levels 2, 3, and 4. 


by stomach tube and killing them at 1, 4, 8, 18, 24, and 40 hours 
after ingestion. The digestive tract was separated into stomach, 
small intest ne, cecum, and large intestine. The rate of emptying 
of the stomach was determined by counting the contents of that 
organ durinz a 48-hour period. In addition, fecal, blood, and urine 
samples were taken from each animal. All were counted in 
triplicate. 

The orgar levels after ingestion were measured by counting the 
residue-free (washed) tissues of the digestive tract and the 
complete li-ers, lungs, hearts, kidneys, and a 4-mL sample of 
blood. To measure clearance rates, measurements of organ levels 
were made zt zero hours after ingestion and at 1, 2, 3, 4, 5, 6, 11, 15, 
19, and 22 cays. 

As an est-mate of the persistence of the drug on the wounds, a 
group of an mals was studied until eschar slough after the burns 
were expose to the labeled sulfadiazine silver for four hours after 
burning. This cream was exhaustively rinsed off and the animals 
replaced in Teir cages. One group of four was immediately killed, 
another group of six animals was killed at one week posttreat- 
ment, another at two weeks posttreatment, and another at the 
time of final tissue slough, which occurred at 21 to 26 days 
postburn. A> the time of eschar slough, the eschar was counted and 
the percentege of attachment estimated at that time. In the same 
rats that had eschar slough, the healed wound was excisec and the 
regenerated tissues were counted. In those rats killed prior to total 
eschar slough at days 1, 7, and 14 posttreatment, organ levels of 
silver were determined in small intestines, kidney, spleen, 
pancreas, liver, lung, heart, rib cage muscle, underlying the burn 
wound, and in 4 mL of blood. . 

The excre-ion rates in feces and urine were determined by daily 
collections af these excretions from metabolic cages in which the 
rats lived ecntinuously. 

The compatational method used to quantitate the tissu? attach- 
ment of labeled silver is very simple and is outlined as follows: 
P = R,/R, = 100, where P is percent penetration into burned skin, 
R, is counts oer minute in 1 sq em of burned skin (with cutaneous 
muscle attached), and R, is counts per minute in the 0.5-mm thick 
layer of cream applied to 1 sq em of tissue (also counzed with 
cutaneous muscle attached). Statistical comparisons using the 
unpaired t fest? were used to compare the percentages of silver 
that attached to the burn wound. 


RESULTS 


The perzentage of the applied silver that remained 
attached “o the skin despite exhaustive attempts to 
dislodge it with wet surgical sponges (Table 1) was similar 
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in part al- and full-thickness rat burns. The rat burns were 
strikingly higher at 4.6% to 8.06% of the applied silver 
(P < .01) after continuous treatment for eight and 24 hours 
than were the human burrs or unburned controls (0.07% to 
1.43%, respectively; approximately one seventh the attach- 
ment level cf the rat). 

The changes ir attachment with time between species 
and wich or withcut injury are shown graphically in Fig 3. 
This is of partiewlar interest when combined with Fig 4 
that shows the percentaze increase per hour in silver 
attachment in the rat burns. This drops below 1% after four 
- hours cf contact with the drug, and reaches a value close to 
zero after e ght hours. 

Table 2 describes the structural features of the various 
levels of burned skin that were dissected apart to establish 
the depth of penetration ef the silver. In level 1, the most 
superficial epidermal layer, the percentage attachment 
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Cuta- 
neous 
Muscle: Accounted 
Epidermis: Level Level Level4, for Levels 
Level 1, % 2 


Dermis, % Total % 





ranged from 77% to 98%. The earliest time periods of 
application (one to four hours) left slightly less in a 
superficial position and more down in the dermal layer 
than the 14- to 20-hour application periods. None of the 
changes with time are statistically significant, however. 
Blood drawn during the periods of drug attachment was 
always at background, however, and gave no indication of 
silver absorption and transport into tissues subjacent to 
the burn. 

The persistence of the drug attachment to the skin is 
shown in Table 3, as is the absence of measurable penetra- 
tion below the wound. Beginning with a peak attachment 
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Table 3.—Retention of Attached Silver on Burnec Rat Tissue With Time 


Control 7 Days 
% Attached 5.01 5.05 
4.98 4.30 
5.49 4.23 
5.36 3.75 
4.90 
4 3.79 
Mean 5.21 4.34 
Organ counts for the same animals 
4 mL blood Background Background 
One side rib cage Background Background 
Heart Background Background 
Lung Background Background 
Liver Background Background 
Pancreas Background Background 
Spleen Background Background 
Kidney (both) Background Background 
6 cm small intestine Background Background 
Recoveries* 96.8 92.0 
91.1 90.0 
93.5 93.2 
95.3 90.1 
94.3 
90.1 


94.2 91.6 





Slough-off: Healed 
14 Days 21-26 Days Wound 

4.64 1.81 Background 
4.77 1.65 Backaround 
2.22 1.61 Background 
3.77 1.69 Backcround 
3.54 2.10 Backcround 
2.62 1.24 Backcround 
3.59 1.76 

Background Background 

Background Background 

Background Background 

Background Background 

Background Background 

Background Background 

Background Background 

Background Background 

Background Background 
91.2 95.0 
94.7 93.7 
95.1 94.4 
93.3 94.6 
94.2 92.8 
92.5 93.9 


93.5 94.1 





*Percentage of applied silver that was accounted for after removal of cream, counting of burned tissue, all organs, etc. 


Table 4.—Organ Levels After Ingestion 















Maximum Day Day 
% of Maximum Returned To No. of Ob- 
Organ* Dose % Developed Background servations 
Blood ^ 0.085 1 11 40 
Kidney 0.0055 3 6 40 
Liver 0.80 1 19 40 






Lung 0.013 19 40 









*Heart was too low to measure. 


percentage of 5.2% the day of application, the reduction in 
attached silver during the next 14 days while no further 
drug was administered was only 1.62% (5.21% to 3.59%), an 
impressively durable bond to the burned skin. At the time 
of eschar break-up, the level had dropped to 1.76%. Counts 
of blood and internal organs were background in all 
cases. 

In those rats that ingested the drug, the picture of 
penetration into the body was considerably different. 


. Measurable transfer of Ag'™ occurred from the digestive 


tract into a number of organs. Peak concentrations 
occurred at one and three days postingestion depending on 
the organ (blood and liver, one day; kidney and lung, three 
days). The highest solid organ count was liver, followed by 
lung and kidney. Table 4 details the quantitative maxi- 
mum, minimum, and time for each in the major organs 
mentioned, and Fig 5 shows the rates of accumulation and 
excretion. The liver and lung were the slowest organs to 
return to background (19 days), whereas the kidney was 
cleared in six days and the blood in 11. The percent of dose 
accumulated at the time of peak accumulation was notice- 
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ably different between organs (40-fold greater in liver 
than kidney). 

The exphnation of the times of maximum accumulation 
is contained partially in Fig 6, which shows the rate of 
emptying cf the stomach and thus the time of presentation 
of the drug to the mucosal surface of the intestine. The 
stomach was nearly empty in eight hours, allowing rapid 
absorption to take place after that for the next 18 to 24 
hours. 

Studies cf sequential passage along the gut showed that 
97% of the drug had appeared in the feces in 48 hours. A 
brief period of slow emptying by the cecum occurred, but 
by day 4, the residue was down to 0.03% of the adminis- 
tered dose. By five days, it reached 0.009%. 


COMMENT 


By using an exhaustive wet sponge technique to dislodge 
the cream-érug mixture from the wound, we used the same 
basic forces that are used in the clinical hydrotherapy of 
the burn wound. The objective was to dissolve and dislodge 
as much unattached drug-containing cream as possible. 
After hundreds of strokes, the silver attachment proved to 
be tenacioes. The physical nature of that attachment is 
unknown. Further investigation into those forces would be 
helpful in further understanding this drug. 

Examination of the pattern of a sevenfold increase 
attachment to burned rat skin compared with burned 
human skir may indicate that the residue was present in 
the indentations made by the hair follicles. The hair shafts 
were dissolved by the depilatory agent in the rat, out the 
resulting depressions in the surface of the skin were much 
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more numerous in the rat skin than the human. 

Despite the species difference in total attachment, one 
important similarity in the study was the rapid achieve- 
ment of maximum attachment. In the human, it occurred 
within two to four hours. In the rat, the greatest increment 
had occurred by © hours of drug application. The incre- 
mental, or ‘new’ silver, attachment was, therefore, 
extremely limited after four hours of contact with sulfa- 
diazine silver creem. Since the molecular form of the 
attachment is not krown, it is impossible to say whether 
the attachment curves observed here represent the contin- 
ued ionizatior of the sulfadiazine silver complex or not. 

The superficial Evel of attachment of the silver was 
clear-cut. however. Sulfadiazine silver is far different in its 
interaction with the wound than mafenide acetate, which 
penetrates burned -issue rapidly." The surface localization 
observed in the rats in this study agrees with studies by 
Lazare et al’ who studied scald burns in the pig. It is quite 
likely, therefore, tnat sulfadiazine silver is most appro- 
priately used as a surface antibacterial agent, whereas 
mafenide should »e used when it is necessary to treat 
subsurfaee infections. A similar conclusion was reached by 
Catania and King* who found that sulfadiazine silver dry 
foam was more effective against surface infections than 
against subesehar infections. The most appropriate use of 
sulfadiazine silver would, therefore, be soon after injury, 
particularly im reletively uncontaminated wounds for a 
limited initial period, if debridement can be accomplished 
prior to the development of a deep infection. Care must be 
taken tc monitor the wound bacteriologically (biopsy 
culture) for the presence of pockets of infection that have 


become established below the reach of sulfadiazine silver. 
At that point, the more penetrating topical antimicrobial 
(mafenide acetate [Mafenide], povidone-iodine | Betadine}) 
agents are more useful in controlling bacterial invasion. 

Because it is possible that sulfadiazine silver may be 
ingested accidentally, or used on mucous membrane 
surfaces, its absorption through the membranes is of 
interest. This is in marked contrast with the lack of 
penetration through devitalized burned skin. The varia- 
tions that exist in organ pick-up may be an indication that 
the drug is ingested by pulmonary and hepatic macro- 
phages. When those systems are normal, as was the case in 
the rats studied here, complete excretion within three 
weeks may be anticipated. Wysor* found oral administra- 
tion of a slightly lower dose than used in this study (1.05 
g/kg) in CF-1 mice had minimal toxicity when used once a 
day for five days. The agent was effective against plas- 
modium berghei (malaria) and had antipseudomonas 
effects that were independent of para-aminobenzoie acid 
supplementation. The antimicrobial effect, therefore, 
seemed to have a different origin than the sulfadiazine. 

It seems that sulfadiazine silver, although conceived as a 
drug with synergistic benefits derived from sulfa drugs 
and the heavy metals, may in fact function as an organic 
base-heavy metal release system. The results of these 
studies are consistent with such a view, as are the conclu- 
sions of Fox and Modak.'^" 


Nonproprietary Name and Trademark of Drug 


Sulfadiazine silver—Silvadene. 
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Tablets 


Percodan’ (i; 


DESCRIPTION Each yellow, scored tablet contains 
4.50 mg. oxycodone HCI (WARNING: May be habit 
forming), 0.38 mg. oxycodone terephthalate (WARN- 
ING: May be habit forming), 224 mg. aspirin, 160 mg. 
phenacetin, and 32 mg. caffeine. 


INDICATIONS For the relief of moderate to moderately 
severe pain. 


CONTRAINDICATIONS Hypersensitivity to oxyco- 
done, aspirin, phenacetin or caffeine. 


WARNINGS Drug Dependence Oxycodone can pro- 
duce drug dependence of the morphine type and, 
therefore, has the potential for being abused. Psychic 
dependence, physical dependence and tolerance may 
develop upon repeated administration of 
PERCODAN®, and it should be prescribed and admin- 
istered with the same degree of caution appropriate to 
the use of other oral narcotic-containing medications. 
Like other narcotic-containing medications, 
PERCODAN?® is subject to the Federal Controlled Sub- 
stances Act. 


Usage in ambulatory patients Oxycodone may 
impair the mental and/or physical abilities required for 
the performance of potentially hazardous tasks such 
as oming a car or operating machinery. The patient 
using PERCODAN * should be cautioned accordingly. 


Interaction with other central nervous system 
depressants Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or cther CNS depres- 
sants (including alcohol) concomitantly with 
PERCODAN® may exhibit an addiive CNS depres- 
sion. When such combined therapy is contemplated, 
the dose of one or both agents shoulc be reduced. 


Usage in pregnancy Safe use in pregnancy has not 
been established relative to possible adverse effects 
on fetal development. Therefore, PERCODAN® should 
not be used in pregnant women unless, in the judg- 
ment of the physician, the potential benefits outweigh 
the possible hazards. 


Usage in children PERCODAN® should not be 
administered to children. 


Salicylates should be used with caution in the pre- 
sence of peptic ulcer or coagulation aonormalities. 


PRECAUTIONS Head injury and increased intra- 
cranial pressure The respiratory depressant effects of 
narcotics and their capacity to elevate cerebrospinal 
fluid pressure may be markedly exaggerated in the 
presence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Further- 
more, narcotics produce adverse reactions which may 
obscure the clinical course of patients with head 
injuries. 

Acute abdominal conditions The administration of 
PERCODAN® or other narcotics nay obscure the 
diagnosis or clinical course in patients with acute ab- 
dominal conditions. 


Special risk patients PERCODAN® should be given 
with caution to certain patients such as the elderly or 
debilitated, and those with severe impairment of hepat- 
ic or renal function, hypothyroidism, Addison's disease, 
and prostatic hypertrophy or urethrakstricture. 
Phenacetin has been reported to demage the kidneys 
when taken in excessive amounts fo: a long time. 
ADVERSE REACTIONS The most frequently 
observed adverse reactions include light-headedness, 
dizziness, sedation, nausea and vomiting. These 
effects seem to be more prominent m ambulatory than 
in nonambulatory patients, and some of these adverse 
reactions may be alleviated if the pat ent lies down. 
Other adverse reactions include euphoria, dysphoria, 
constipation and pruritus. 

DOSAGE AND ADMINISTRATION Dosage should be 
adjusted according to the severity cf the pain and the 
response of the patient. The usual adult dose is one 
tablet every 6 hours as needed for pain 

DRUG INTERACTIONS The CNS depressant effects 
of PERCODAN® may be additive with that of other 
CNS depressants. See WARNINGS 
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Whatis causing pain? Howisit perceived by 3 
you and your patient? 


Select a readily-absorbed oral agent that * 
usually acts within 15 to 30 minutes. 


Prescribe in limited quantities for selected — 
patients. 


Schedule II classification means no refills, no 
telephone Rx. Patients with persistent pain. 
must return for your evaluation of analgesic 
needs. 
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Festschrift 


Esophageal Atresia 


Critical Analysis of 39 Cases 


Thomas C. Putnam, MD 


e Knowledge of the factors that affect morbidity and mortality 
in the treatment of congenital malformations of the esophagus 
should result in better planning of their surgical management 
with increased likelihood of success. In 39 infants studied, 
associated anomalies, low birth weight, and postoperative respi- 
ratory complications were the factors responsible for morbidity 
and mortality. Infants with associated anomalies had a longer 
hospitalization than those with none, a mean of 17 vs 12 days. 

(Arch Surg 114:288-292, 1979) 


sophageal atresia is a devastating congenital anomaly. 

If the surgical treatment is properly planned, 
morbidity and mortality will be low. If therapy is poorly 
managed, mortality is increased and survivors suffer 


-continued difficulties. Thirty-nine infants with this anom- 


aly were treated in Rochester, NY, during a ten-year 
period. The treatment of these children has been critically 
studied to determine the relationship of the following 
factors to morbidity and mortality: type of repair, asso- 
ciated anomalies, low birth weight, respiratory complica- 
tions, anastomotic leak, and stricture. From this analysis, 
certain faetors are noted that affect survival and morbidi- 
ty. Proper planning of the surgical therapy must be 
governed by these factors if the infant is to have the 
greatest chance for survival with the best possible esopha- 
geal function. 


MATERIALS AND METHODS 
Clinical Material 


Thirty-nine infants with esophageal atresia and/or tracheoe- 
sophageal fistula were treated in Rochester, from October 1966 to 
July 1976. No patient has been omitted from this review for any 
reason. Twenty-six infants were male and 13 were female. The age 

at diagnosis was less than 24 hours in all infants with esophageal 
atresia except for two whose conditions were diagnosed at 2 days 
and two whose conditions were diagnosed at 3 days of age. The 
conditions of two infants with isolated tracheoesophageal fistula 
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were diagnosed at 3 and 11 days of age. Twenty-four infants had 
other congenital anomalies (62%), and 12 infants were less than 
2,270 g at birth (31%). Ten of the latter had other anomalies. There 
were nine deaths (23%), and 19 infants experienced compzications 
(48%). 


Analysis of Factors 


1. Surgica Repair.—All infants except one had a gastrostomy 
performed on the day of diagnosis. Usually, this was dome under 
local anesthesia. Sump suction of the upper part of the esophagus 
was begun anmediately after diagnosis. One infant underwent 
total repair without benefit of gastrostomy on the 2nc day of 
life. 

Three infants at the beginning of the series had a primary 
anastomosis after the method of Haight and Townsley. The 
remaining 25 infants undergoing primary repair had an anasto- 
mosis performed transpleurally as a single layer, with tke use of . 
No. 3-0 silk sutures. A flap of pleura was developed to cover the 
tracheal closure and separate it from the esophageal repair. A 
thoracotomy tube was sutured to the pleura adjacen- to the 
esophageal ~epair; when an anastomotic leak was not observed 
during oral seedings, the tube was removed. This was usually five 
to seven days. 

There were six infants in whom the esophageal deficit was too 
great to pe-mit a primary anastomosis. Their conditicns were 
initially maraged with a cervical esophagostomy and gastrostomy. 
Five underwent successful colon interposition: in three instances 
these were ~etrosternal and in two instances they traversed the 
left pleural cavity. A sixth infant had esophageal replacement by a 
reversed gastric tube after the method of Gavriliu and Haimlich.** 
Colon interposition was not possible in the latter infant because 
the vascular arcade was incomplete. 

Two infarts had transthoracic division and closure of isolated 
tracheoesopaageal fistulas. Two infants died prior to primary 
repair. 

2. Associated Anomalies.—There were 24 infants who had other 
congenital anomalies and in 13 they were multiple. The most 
common anemalies were gastrointestinal (17), cardiac (30), geni- 
tourinary (9), and skeletal (12) (Table 1). Anomalies of the 
intestinal tract included four anal atresias or stenoses, four pyloric 
stenoses, th-ee duodenal obstructions, and two malrotations. All 
nine infants who died had other anomalies and in eight, taey were 
directly relzted to the cause of death. 

3. Low Bith Weight.—Twelve infants had a birth weigat of less 
than 2,270 g Ten of the 12 also had other anomalies. Seven of these 
infants died, a mortality of 58%. All of the dead infants had 
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No. of No. of Associated 
Patients Deaths 


Table 1.—Associated Anomalies 
Anomaly 





Gastrointestinal 
Aral stenosis or atresia 


4 
Pyloric stenosis 4 
Duodenal obstruction 3 1 
2 
1 







Malrotation 
leal atresia 


Laryngotrachea! esophage- 
al cleft 


1 
Meckel's diverticulum 1 A 
Hiatus hernia 1 1 
7 


Totai 1 5 
Carciac or great vessels 10 0 


Gen'tourinary 
Unilateral renal agenesis 


2 
Bilateral renalhypoplasia 1 
Malticystic kicney 1 
1 
1 

















Duplication of ureter 
Herseshoe kidney 


Urdescended.or agenesis 
of tests 


3 MT: 
Totai 9 1 
SkePtal 12 0 


Table 3.—Anastomotic Leak and Stricture 


Patients That 
No. of 


Required 
Cases Leak  Stricture Dilations 










Type of Repair 


Haicht 3 1 1 1 
Division of tracheo- 
esophageal fistula 








5 4 3 3 
2 0 0 0 





associated anomalies that directly affected the death. 

4. Respiratory Complications.—Preoperatively, there were 14 
infants in w30m pneumonia or atelectasis developed. All of their 
conditions were managed by gastrostomy, sump suction of the 
upper esophageal pouch, and broad-spectrum antibiotic therapy. 
Delay of definitive repair was from three to 27 days, with the 
average being seven days. A similar problem developed following 
total repair in five of the 14 infants. There were four premature 
infants with preoperative respiratory complications. Three of 
them eventually died but their deaths were not related to the 
complieation. 

Postoperative mespiratory complications occurred in 15 infants 
and included pneumonia or atelectasis, chylothorax, and tempora- 
ry paresis of the right hemidiaphragm. Approximately one third 
of the mfants undergoing primary esophageal repair had respira- 
tory complications before or after surgery; however, one did not 
necessarily lead to the other (Table 2). Three deaths were directly 
related to pcstoperative pneumonia, all of which occurred in the 
primary repair group. 

5. Amastomotic Leak and Stricture.—Table 3 itemizes the leaks 
and strictures that occurred with the various types of repair. In 
addition, the number of dilations is noted. One infant with a 
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Respiratory 
Complications 


Post- 
operative 


No. of 


Cases operative Deaths 


Single layer 
Colon interposition 


Division of tracheo- 
esophageal fistula 2 


*The number in parentheses indicates the number of cases in which E 
postoperative respiratory complications developed. y 


Haight repair had a leak and a stricture develop that required 
dilation 18 days after repair. Her death from Pseudomonas 
pneumonia five weeks after repair was the only death associated 
with this complication. Autopsy indicated an intact esophagus 
without fistula. In the 26 infants with a single-layer repair, leaks 
developed in two cases, noted only by barium swallow. Both were 
small and sealed spontaneously. One led to stricture, the other did 
not. In addition, stricture developed in two other cases without 
evidence of anastomotic leak. Five children with single-layer 
repair required one dilation each, ten months to three years after 
surgery. Three had trouble swallowing solid food and two had 
coins stuck at the anastomotic site. A sixth child required three 
dilations 14%, 3, and 4% years after repair because of trouble 
swallowing meat. Four of the five children with colon interposition 
had anastomotic leaks develop at the cervical site (all three cases of 
retrosternal colon and one case of left thoracic colon). In all three 
instances of retrosternal colon, severe strictures developed that 
required multiple dilations, which ranged from three to 22 before 
satisfactory function was established. Neither of the cases of left 
thoracic colon have required dilation, even though a leak occurred 
in one. There was no leak or stricture in the two infants with 
isolated tracheoesophageal fistula. 

6. Duration of Hospitalization After Repair.-In 26 infants 
undergoing a primary single-layer anastomosis, if there were no 
associated anomalies (seven infants), discharge following repair 
ranged from nine to 20 days (average, 12 days). Those infants with 
associated anomalies (12) were discharged nine to 42 days after 
repair (average, 17 days). If those infants (four) are excluded in 
whom the associated anomaly affected substantially the duration 
of the postoperative course (20 to 42 days), the average duration of 
postoperative hospital stay returns to 12 days. Six infants with a 
single-layer primary anastomosis experienced postoperative respi- 
ratory complications. This affected the duration of postoperative 
hospitalization in two (16 and 22 days). 

The five infants with colon interposition were discharged 
between 15 and 35 days after surgery. The two with isolated 
tracheoesophageal fistula were discharged ten and 30 days after 
repair. The latter experienced postoperative bilateral pulmonary 
atelectasis and pneumonia. 

7. Deaths.—There were nine deaths in the 39 infants, a mortality 
of 23%. All of the infants who died had other congenital anomalies, 
and seven of them weighed less than 2,270 g. In the group that 
required esophageal replacement or division of an isolated 
tracheoesophageal fistula, there were no deaths. 

Two infants died prior to primary repair. One infant with a 
birth weight of 2,088 g died of aspiration pneumonia after 
gastrostomy and duodenojejunostomy for annular pancreas. The 
other infant, birth weight of 2,242 g, had cri du chat syndrome and 
a ventriculoseptal defect. Initial surgery consisted of division of a 
tracheoesophageal fistula, cervical esophagostomy because of too 
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great an esophageal deficit, and gastrostomy. No further surgery 
was planned, and sudden death occurred at 2? months of age. 
There were seven deaths in those infants undergoing primary 


anastomosis. Five deaths were unassociated with the surgieal 


repair. One infant, birth weight of 1,703 g, had a trisomy 17-18 
abnormality and died suddenly, two months after repair. One 
infant, birth weight of 2,119 g, in whom pyloric stenosis developed, 
vomited and aspirated. Death occurred from bilateral pneumonia 
31 days after esophageal repair. A third infant, birth weight of 
2.043 g, died from unrecognized hypoplastic kidneys and multiple 
other anomalies 24 hours after repair. The fourth infant, birth 
weight of 2,300 g, died from complications of an associated 
laryngotracheal esophageal cleft six months after repair. The fifth 


. death occurred in an infant, birth weight of 2,050 g. There were 


multiple anomalies that included a single umbilical artery, fused 
vertebras, ileal atresia, and malrotation with bands. Gastrostomy, 
division of bands, and jejunocolostomy were performed on the 1st 
day of life. Total esophageal repair was performed on day 3. 
Central intravenous (IV) hyperalimentation was used, and death, 
secondary to Escherichia coli sepsis, occurred 15 days after total 
repair. 

Two deaths were associated with the primary repair. One infant 
with a birth weight of 2,156 g underwent staged repair. There was 
associated pylorie stenosis and also a hiatus hernia. Barium 
swallow after repair showed a small leak that sealed spontaneous- 
ly. Dilation for stricture was required 18 days postoperatively. 
Initial feedings were tolerated, but three weeks after surgery, 
bilateral Pseudomonas pneumonia developed. Death occurred five 
weeks after repair. Autopsy showed an intact esophagus with no 
fistula. 

The second associated death occured in an infant, birth weight 
3,464 g. The infant also had a small ventriculoseptal defect and an 
extra thumb. After surgery, atelectasis and pneumonia developed 
secondary to mucous plugs. Death occurred eight days after repair. 
Autopsy disclosed an intact esophagus without fistula. There was 
pneumonia and a small ventriculoseptal defect. In summary, of the 
99 infants undergoing primary repair, two died as a result of the 
surgical repair, a mortality of 7%. 


TECHNICAL CONSIDERATIONS 


A gastrostomy is an important part of the management 
of esophageal atresia. Koop et al‘ in an evaluation of a 
larger series of 354 infants with esophageal atresia, noted 
that gastrostomy was used 43% of the time. They believed 
it to be a useful but not necessary procedure. We would 


- disagree. Gastrostomy coupled with sump suction of the 


. .. upper esophageal pouch protects the airway from contin- 


ued aspiration of saliva or gastric contents. This gives time 
for proper planning of the surgical repair when the infant 
is in the best possible condition. Frequently, delay is 
required to treat aspiration pneumonia. Infiltration anes- 
thesia is ideal for the gastrostomy and there is no need for 
the additional burden of general anesthesia on the infant’s 


i a respiratory system. During the complete repair, a gastros- 
E tomy allows egress of inflated gases from the infant's 





stomach caused by general anesthesia. Finally, a gastros- 
tomy permits controlled early feeding after total repair 
until oral alimentation is begun. 

There are several ways of performing a primary anasto- 


. mosis in esophageal atresia. The surgeon must master the 


method he uses, and his results must be equal to or better 
than those of other methods of repair. There are several 
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important comments to be made about a single-layer 
primary arastomosis. A primary repair is preferred in ah 
infants with adequate esophageal segments, regardless of 
associated anomalies or low birth weight. However, the 
repair is rot performed until the infant's condition is 
stable, whieh includes the correction of respiratory compli- 
cations anc the meeting of the demands of other anoma- 
lies. Until then, the infant's condition is managed by 
gastrostomy, sump suction, and, if needed, peripheral or 
central IV hyperalimentation. Procedures designed at 
staging the repair result in as many or more complications 
than those from a primary repair.' 

During tae repair, there are four important technical 
details that cannot be overemphasized: (1) There must be 
no retractien on the trachea, and retraction on the right 
lung must be gentle and intermittent, with frequent 
periods allewed for reexpansion. Failure to heed this 
results in postoperative edema of the trachea and right 
upper lobe »ronchus with development of right-sided ate- 
lectasis. An aid in preventing excessive retraction is the 
use of traction sutures on the incised mediastinal pleura 
(Fig 1). (2) Whereas the upper esophageal pouch can be 
mobilized extensively, such mobilization of the lower 
esophagus will devascularize the proximal portion, which 
leads to anzstomotie breakdown. In addition, vagal fibers 
to the lower part of the esophagus will be severed, which is 
believed to cause uncoordinated peristalsis of the lower 
esophageal segment. This abnormal function has been 
doeumentec in several long-term follow-up series, although 
the etiology is still unclear.'^ Mobilization to divide the 
lower part cf the esophagus from the fistula to the trachea 
is the only dissection that should be done. (3) The least 
amount of trauma to the esophagus at the anastomosis is 
provided by the single-layer silk suture anastomosis. A 
Haight repeir requires additional dissection of the upper 
pouch and i-, plus the two-layer repair, requires too many 
sutures to be placed and, therefore, too much tissue 
necrosis. Large-caliber sutures (No. 3-0 silk) will not cut 
tissue wher gently tied to approximate the ends. Care 
must be taken not to secure the suture too tightly. Each 
suture must assure good mucosal apposition to minimize 
scar formation at the line of anastomosis. (4) The suture of 
a pleural flap over the tracheal closure will prevent a 
recurrent tracheoesophageal fistula should a leak develop 
at the esophageal anastomosis (Fig 2). Repair of an 
esophageal atresia emphasizes the principle: proper opera- 
tive repair minimizes postoperative complications. 


COMMENT 


Esophageal atresia is a congenital anomaly with à high 
ineidence of associated anomalies and premature birth. 
The effects cf these two faetors on chances for survival are 
great. Wate-ston et al’, in 1962, recognized this when they 
evaluated 218 infants with esophageal atresia. They devel- 
oped a risk dassification that was historically useful in the 
prediction o^ the effect of the two factors on survival. The 
most favora»le class (A) was the infant with a birth weight 
greater thaa 2,500 g (5% Ib) and no other anomalies or 
respiratory *omplications. The class with greatest risk (C) 
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Fig 1.—Stay sutures are placed to retract pleura. This minimizes 
need for retraction on trachea during dissection and repair. 


Fig 2.—Ante-ior flap of mediastinal pleura is sutured over 
tracheal closure to isolate it from esophageal anastomosis. This 
prevents recurrent fistulizaton if an esophageal leak occurs. 
Remainder o` pleura is closed, leaving window near esophageal 
anastomosis. Thoracotomy tube is sutured adjacent to window. 
This provides drainage for any potential esophageal leak. 
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was the infant who weighed less than 1,818 g (4 Ib) at birth. | 


or who had a higher weight associated with a severe 


associated anomaly or severe pneumonia. Class B was the — 
infant in between. Today, the ability to manage problems - 
of the low birth weight infant, of respiratory support for | 
respiratory distress syndrome, and of peripheral alimenta- ^ 
tion to ensure adequate nutrition makes it possible to alter — 
the effect of birth weight on risk for survival. The 2,500-g — 


level is too high a weight for a class A risk. 





Koop et al; in a review of their experience with 134  . 


infants from 1965 to 1974, likewise stressed the effects of 
prematurity and associated anomalies although they did 


not define what constitutes prematurity or a severe, 
associated congenital anomaly. They reported a 52% sur- - 


vival rate in premature infants, 37% if there were asso- 
ciated severe anomalies. Their full-term infants had a 
survival rate of 76%. Eight of our infants who died had an 


associated anomaly that contributed directly to the death. - 
Seven of these also were low birth weight infants. Thus, 


seven of the nine deaths were in premature infants who 


had associated anomalies that contributed directly to their 


deaths. Associated anomalies also affected morbidity. In 
the infants undergoing primary repair, those with asso- 
ciated anomalies had an average hospital stay five days 


longer than the stay of infants without other anomalies. - 


The average postoperative hospitalization of the latter was 
12 days. 

Respiratory complications were the most common 
complieation noted in these infants. These consisted of 
pneumonia and/or atelectasis. Approximately one third of 
all patients undergoing primary repair experienced this 
type of complication preoperatively. The delay of repair 
until the complication cleared was beneficial to the infant. 
Five of the 14 affected infants experienced postoperative 
respiratory complications. Thus, a preoperative respiratory 
complieation did not seem to affect the incidence of 
postoperative respiratory complications. The latter was 
more likely secondary to trauma to the trachea and right 
bronchi that resulted from retraction on those structures. 
Frequent release of the retracted lung, gentle retraction, 
and postoperative stimulation of deep breathing are neces- 


sary to decrease the incidence of atelectasis. If these — 


measures fail, skillful tracheal intubation and gentle saline 
lavage and suction will usually clear mucous plugs and 
result in reexpansion. The tracheal repair is at risk during 
such a procedure, and if the infant is not distressed by the 
atelectasis, the atelectasis usually resolves spontaneously 
without intubation in three to five days. Three of the nine 
deaths were directly related to postoperative pneumonia in 
infants undergoing primary repair. Postoperative respira- 
tory complications developed in six patients who survived 
primary repair. In two, discharge was delayed to 16 and 22 
days because of the complication. 

Contrary to previous reports,^ a properly performed 
single-layer anastomosis has a low incidence of leak. In the 
26 infants in this group, only two had a small leak. They 
were not clinically apparent but noted on barium swallow. 
Only one required dilation 15 months after surgery. That 
was performed at esophagoscopy to retrieve a nickel that 
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` the infant had swallowed, which was lodged at the site of 


anastomosis. Altogether, five of these patients have under- 
gone single dilations to improve ability to swallow solid 
foods. A sixth infant has undergone three dilations for 
similar reasons. Therefore, a single-layer anastomosis is a 
superior repair for esophageal atresia and can be expected 
to have a low incidence of leak and strieture." Koop et al' 
report 676 of the deaths in their series were due to 
anastomotic leak and/or stricture, which emphasizes the 
effect of this factor on survival. 

Current principles of management of the infant with 


- esophageal atresia should consist of the following: (1) 


Perform immediate gastrostomy under local anesthesia 
and adequately clear secretions from the pharynx for 
preoperative protection of the lungs or treatment of 
pulmonary disease. Antibiotie therapy, controlled by 
eulture and sensitivities, is used. (2) Use appropriate 
respiratory therapy monitored by blood gases and pH 
values for management of respiratory distress syndrome 
and/or pneumonia. (3) Provide enteric or peripheral 
alimentation for nutritional support so that there is persis- 
tent weight gain. (4) Carefully follow principles of surgical 
repair as outlined. (5) Perform total esophageal repair as 
soon as the infant's condition is stable so as to end the risk 
of regurgitation into the pulmonary tree or of aspiration. 


(6) Elongate upper pouch by circular esophagomyotomy to - 


permit primary union if the esophageal defect is great. '* If 
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there is a failure to accomplish primary anastomosis, a 
cervical esaphagostomy is performed and the lower esopha- 
gus is detached from the trachea and is closed to permit 
gastrostomy feedings until such time as a substitute 
esophagus an be developed. (7) Repair associated anoma- 
lies at a tire indicated by their effect on the infart. 


CONCLUSIONS 


The infamt who is born with esophageal atresia suitable 
for primary anastomosis, whose birth weight is greater 
than 2,270 g, and who is born without other anomalies has 
an excellen- chance for survival. In this series, there were 
15 such infants, and all are alive and with excellent 
esophageal function. In addition, a single-layer anastomo- 
sis is preferred as the one least likely to give a complication 
of a leak or stricture. Discharge is anticipated in less than 
two weeks. 

There ar» three factors that adversely affect survival 
and morbidity: (1) associated anomalies, (2) low birth 
weight, and (3) postoperative respiratory complications. 
Nine of 24 infants with associated anomalies died. Seven of- 
12 low birt weight infants died. Three of 15 patients who 
experiencec postoperative respiratory complications died 
of the complications. Those infants with associated anom- 
alies who survived total repair had a substantially longer 
hospitalization, 17 vs 12 days. 
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Bilateral Internal Carotid 3 
Artery Aneurysms E 


Robert R. Nesbit, Jr. MD; Arnold Neistadt, MD; Allyn G. May, MD E 


* Two patents were treated for bilateral internal carotid artery 
aneurysms. One had resection and restoration of continuity on 
the right side nine years after ligation of the left internal carotid 
artery. The seconc had sequential resection and reconstruction 
of both vessels. Complicalions of carotid aneurysms include 
embolizatior, rupture, and thrombosis. Preferred treatment is 
resection with reconstitution of the flow. Patients with carotid 
aneurysms shouid be investigated for similar lesions on the 
opposite sice. Patients who have had one carotid aneurysm 
treated should be followed up for the possible occurrence of a 
contralateral aneurysm. 

(Arch Surg 114:293-295, 1979) 


ewe of the carotid arteries are uncommon. Bilat- 
eral aneurysms of the internal carotid artery have 
been reported previously on three occasions. We describe 
two additional patients with bilateral internal carotid 
artery aneurysms. The first patient was treated at the 
Strong Memorial Hospita: in Rochester, NY. The second 
was seen br one of us (A.N.) in his private practice in 
Atlantz. 


REPORT OF CASES 


CASE 1.—Th s patient was Ð years old when a pulsatile mass in 
the left side ef her neck wa: first noted by her obstetrician. It 
remained totally asymptomatic, but during the next year it 
appeared tc »nlarge. An arteriogram was done at her local 
hospital. The f1ms (since destroyed) demonstrated an aneurysm of 
the left -nterral caretid artery. Good flow through the aneurysm 
was reported with a short length of apparently normal extracrani- 
al carotid above it. The right carotid system was not described. In 
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September 1965, the patient was first admitted to Strong Memo- 
rial Hospital. She was a healthy 41-year-old woman whose physical 
examination showed no abnormalities except for the findings in 
her neck. A pulsatile mass was present in the left side of the neck 
and was also visible in the left tonsillar fossa where it pushed the 
soft palate and uvula medially. A faint bruit was present over the 
mass. A prominent right carotid pulse was present with a loud 
bruit. Her history was remarkable only for an apparently unevent- 
ful tonsillectomy at age 24 years. Her mother died of a stroke at 
age 69 years. 

The patient was taken to the operating room with the intention 
of excising the aneurysm and replacing it with a vein graft. A 
large aneurysm of the left internal carotid artery was found to 
arise 5 em above the carotid bifurcation. The aneurysm was 
partially mobilized, but it was decided that because there was such 
a short length of distal internal carotid artery between the 
aneurysm and the base of the skull it would be difficult to insert a 
graft. Therefore, the internal carotid artery was ligated just 
proximal to the aneurysm. The patient was awakened from 
anesthesia in the operating room, showed no neurologic deficit, 
and was then taken to the recovery room. She was discharged on 
the fourth postoperative day with no neurologic sequelae. 

In May 1972, seven years after surgery, she returned to her 
surgeon because of a new pulsatile asymptomatic mass in the right 
side of her neck. The mass measured 2 x 2 em, and there was an 
audible bruit. Arteriograms, which included a selective right 
internal carotid study, confirmed a right internal carotid aneu- 
rysm but did not demonstrate flow through the internal carotid 
artery distal to the aneurysm. She was discharged and followed 
up. 

In October 1978, the mass was noted to be bigger and the patient 
complained of some mild tingling in her head. She was scheduled 
for elective admission, but prior to that scheduled admission, she 
was admitted owing to acute symptoms. She awakened on the 
morning prior to admission with a dull headache—a generalized 
feeling of tightness in her head, which was more severe on the 
right side. She felt pressure in her right ear, tingling, and marked 
dizziness that was worse when she was in a supine position. When 
she moved her head, she had a sensation of falling. For the period 
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Fig 1.—Subtraction film of selective right carotid injection shows 
flow through aneurysm into distal internal carotid artery (left 
arrow). Arrow at center bottom indicates proximal internal carotid 
artery (case 1). 







of the next 24 hours, her symptoms subsided. On admission, she 
complained only of a mild headache and denied other neurologic 
symptoms. Her vital signs were normal. In the right side of her 
neck a 4 x 5-em pulsatile mass was palpable. It extended up and 
under the border of the mandible and had a faint bruit. Neurologie 
examination was remarkable only for sustained nystagmus to the 
right. 

An arch arteriogram and selective right internal carotid arterio- 
gram were again performed, this time they demonstrated definite 
flow through the aneurysm and into the distal internal carotid 
(Fig 1) The patient's symptoms were thought to be due to 
mieroembolization from the aneurysm. For this reason and 
because of the definite enlargement of the lesion, excision was 
advised. 

' At surgery, the right carotid bifurcation was widely exposed 
through a long incision over the anterior border of the sternoclei- 
domastoid muscle. The common carotid artery was mobilized and 
the aneurysm was dissected away from the internal jugular vein to 
which it was adherent. Full mobilization demonstrated that the 
aneurysm, which arose from the lateral wall of the vessel, was 
saccular (Fig 2). It involved only about 6 mm of the internal carotid 
wall with 8 mm of normal vessel above it. Intravenous heparin 
sodium was given. The segment of artery from which the aneu- 
rysm arose was excised. Reasonable backflow was noted from the 
distal internal earotid. An end-to-end anastomosis was performed. 
Oeclusion time was 1l minutes. The patient awoke with no 
neurologic deficit and she was discharged, doing well, on the fifth 
postoperative day. Histologically, the resected vessel showed 
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Fig 2.—Comrron carotid at bottom with mobilized saccular aneu- 
rysm that arises high on right internal carotid artery (case 1). 


cystic medial necrosis. 

Cask 2.—This 62-year-old, diabetic man entered Holy Family 
Hospital in Atlanta in October of 1969 for evaluation of amaurosis 
fugax. The p-tient gave a two-year history of frequent episodes of 
loss of vision in the right eye, in which each episode lasted up to 
ten to 15 minates. There was no associated aphasia or contralateral 
hemiplegia. The patient never had a stroke. The patient had no 
history of angina pectoris or myocardial infarction. His diabetes 
mellitus waswell controlled with diet alone. He smoked two packs 
of cigarettes a day for many years. His history was un-emark- 
able. 

Physical examination indicated a heavyset man with a blood 
pressure of 0/70 mm Hg and a pulse rate of 80 beats per minute. 
There was a »ecan-sized pulsatile mass palpable at the angle of the 
jaw bilaterally. No carotid bruits were heard. Neurologic examina- 
tion results were within normal limits. 

Workup ir the hospital included a normal EEG and brain scan. 
An arch arteriogram was performed that revealed bilateral saccu- 
lar aneurysms of the internal carotid artery with a normal distal 
internal carotid artery extracranially. (The films have since been 
destroyed.) At surgery, a 2-em saccular aneurysm of tne right 
internal carotid artery was noted. The distal internal carotid 
artery was normal as was the common carotid artery. Both of 
these vessei were mobilized extensively. The externa. carotid 
artery was igated and divided. An internal shunt was used and 
the aneurysm was resected. End-to-end anastomosis was carried 
out betweer the common carotid artery and the internal carotid 
artery. Thi- was carried out with surprising ease and without 
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tensien. At.the conclusion cf the procedure, there was an excellent 
pulse rate in the distal internal carotid artery. The patient's 
postoperative course was uneventful. The pathology report was 
that of ar atherosclerotie saccular aneurysm of the internal 
carotid artery that contained laminated clot. It was assumed that 
micrcembo ization was the cause of the transitory blindness. 

One morth later, the patient returned to the hospital and 
underwert reseetion of a similar aneurysm of the left internal 
carotid artery with end-te-end anastomosis. His postoperative 
course tha- followed this procedure again was unremarkable. 
Follow-up ~isits over a five-year period have showed no further 
episodes ef amaurosis fugax and no neurologic deficit. 


COMMENT 


Prior to the antibiotic era, aneurysms of the extracranial 
carotid arteries were chiefly syphilitic or infectious in 
origin. False aneurysms owing to surgical trauma at the 
time of -onsillectomy have been mentioned by some 
authors. Bunt trauma with fractures of the mandible may 
also be associated with development of false aneurysm of 
the carotics. Only a smal. number of carotid aneurysms has 
been thcuzht to 5e congenital. Currently, most reported 
carot d an»urysms are arteriosclerotic. One aneurysm of 
the comm carotid artery due to cystic medial necrosis has 
previously been reportec.? 

The natural history of carotid aneurysms is variable.’ 
Rupture may occur, and hemorrhage into the external 
auditory canal and eustachian tube have been reported. 
Oceurrence as a mass in the posterior pharynx may lead to 
dramatic results when biopsy or drainage is attempted. 
Enlargement can cause local neurologic or respiratory 
symp-oms. Thrombosis and cerebral embolism occur and 
may eause a spectrum of CNS symptoms. 

Sir Astley Cooper introduced ligation of the carotid 
artery for aneurysm in 1805. His first patient died after 
hemiplegic developed, but the second lived 13 years with- 
out neurobgie deficit. Winslow? reviewed 106 cases of 
interral earotid aneurysms in 1926 and reported 71% mor- 
tality with ligation. In 1955, Shea et al* reported the first 
interral carotid aneurysm treated with resection and res- 
toration o: arterial continuity. In 1968, Ohara and co- 
workers’ cempiled from the literature reports of 18 aneu- 
rysms of tke internal carotid artery treated with resection 
and vaseular reconstruction and they reported two more 
cases. 3 

Methocs by which arterial continuity is restored vary 
and include simple resection with end-to-end anastomosis, 
homobgous arterial grafts, vein grafts, synthetic grafts, 
and anastomosis of the uninvolved external carotid artery 
to the dis'al internal carotid. Intraoperatively, various 
techniques of cerebral protection have been used. Systemic 
hypotherm a has been used to decrease cerebral metabolic 
needs.’ Shunts, both internal and external, have been used 
frequently. 

Internal carotid artery back pressure that is measured 
direct y appears to be useful in predicting the need for use 
of a shunt curing carotid artery repair.* Ocular pneumople- 
thysmography may also prove able to predict tolerance of 
internal ca-otid ligation." Arteriograms are not useful in 
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predicting such tolerance.” T 

Alexander et al" published the first report, as far as we | 
know, of bilateral internal carotid aneurysms in 1966. They - 
were not treated. To our knowledge, Cifarelli and Sule- E 


» 


man‘ described the first patient with bilateral carotid - 
aneurysms who was treated with resection and restoration _ 
of arterial continuity. Kaupp et al reported five cases of 
bilateral cervical carotid artery aneurysms, four of which 
arose at the bifurcation. He noted that aneurysms that 
arose at the carotid bifurcation were more commonly 
fusiform, bilateral, and arteriosclerotic. Internal carotid 
aneurysms are more commonly saccular and unilateral and, —— 
although they may have atherosclerotic changes, may be 
atypical. 

The subject of our first case report was remarkable for 
having bilateral aneurysms, both probably owing to eystie — 
medial necrosis although tissue was available only from _ 
one. The second aneurysm may have been present at the  — 
time the first was treated. 

Our second case is, to our knowledge, the second reported 
in which bilateral internal carotid aneurysms have been _ 

treated with excision of both aneurysms and restoration of 
arterial flow. This is the preferred therapy when it is - 
technically feasible. 

Internal carotid aneurysms are rare. They can be treated 
successfully with resection and restoration of arterial 
continuity. Patients found to have a carotid aneurysm  - 
should also be studied for presence of a contralateral lesion. 
Patients who have had a carotid aneurysm treated on one 
side should be followed up for an aneurysm that might 
develop on the opposite side. 
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Pathophysiology of Bends and 


Decompression Sickness 


An Overview With Emphasis on Treatment 


Andrew A. Pilmanis, PhD; Willia S. Cockett 


e Current concepts in the pathophysiology of decompression 
sickness are reviewed. Mild, moderate, and severe forms of this 
syndrome resulting from gaseous and lipid emboli are de- 
scribed. Therapy is aimed at restoring or specifically treating 


each alteration. Plasma volume deficit is restored by colloidal 


re-expansion. Decompression sickness is partially treated when 
recompression alone is used. Blood lipid alterations are 
managed by use of antilipemic agents. Dextran is mentioned. 
Divers at depths of 61 m display changes in hematocrit, platelet, 
and blood lipid profiles. Cord paralysis may occur from bubbles 
in the vena cava. Retrograde migration blocks the venous 
circulation of the spinal cord. Ultrasonic devices can detect 
“silent” bubbles during decompression. Recompression, when 
available, is a lifesaving treatment for diving accidents involving 
saturation diving. Air embolism is discussed. Monitoring emboli 
by EEG and fundoscopy are reported. 
(Arch Surg 114:296-301, 1979) 


Hw recompression has been demonstrated to 
be the single most important modality in treating 
decompression sickness.’ Acceptance of recompression has 
been based on the fact that decompression sickness devel- 
ops in part as a result of bubble formation and gaseous 
embolization. The makeup of the bubble is mostly nitrogen. 
Unfortunately, recompression chambers are not readily 
available, particularly along the coastal geographic state 
boundaries. This fact, coupled with the growing popularity 
of scuba diving as a sport, accounts for the high morbidity 
and mortality that have been documented in the past. A 
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delay in recompression, often lasting three to six hours, has 
been noted. 

Decompression sickness is the broad term used to classi- 
fy several physiological alterations. Stated simply, the 
mildest form presents symptoms of skin itching and joint 
irritation, probably caused by bubble formation at the 
subcutaneous nerve root or lymphatics irritating the skin. 
As the embeli increase in numbers and size, joint pain 
increases, and we have classic "bends." Relative ischemia, 
due to activ2 movement of joint areas, seems to oe an 
important erhancing factor. 

Following the continuum, when emboli increase in 
number and size and extend from fat-laden tissues to the 
venous circu ation, we see a picture of moderately severe 
decompressien sickness. Venous circulatory involvement 
results in shack; if left untreated, death may ensue. 

A most serious form of the syndrome occurs when large 
numbers of nitrogen emboli are present in a small area. 
The bubbles -upture the alveoli and enter the left heart and 
arterial systemic circulation. The CNS and other selected 
organ systems are often involved. During the past 15 years, 
a number of important developments have occurred that 
should impreve the early diagnosis and therapy of decom- 
pression sickness. These advances will be briefly summa- 
rized in this overview. 


PATHOPHYSIOLOGIC ALTERATIONS 


Numerous reports during the past ten years have 
mentioned the value of ultrasonic Doppler detection 
systems attached to the precordium or extremities of the 
diver. These systems are able to detect gaseous emboli in 
the blood stream of asymptomatic divers.’ The concept of 
silent bubbles, arising probably in the venous system, 
during considerable decompression has been widely 
accepted by most workers in the field. 

Recent evidence** would suggest that lipid macromole- 
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cules that ccalesce after substantial overcompression and 
decompression are a souree of some emboli. These emboli 
may surround the nitrogen bubble and actually promote 
further serieus physiologie alterations in association with 
nitrogen bu»bles. Breakdewn of platelets with release of 
serotonin probably occurs. Capillary permeability increases 
during ths hypexic phase. Thus, treatment must be 
directed at correcting several seemingly unrelated physio- 
logie factors 

In 1962, we clearly demonstrated the development of a 
considerable plasma loss* within six hours after overcom- 
pression te 30.3 m for one hour. Decompression of these 
animals resulted in embolization and the progressive devel- 
opment of hypovelemic shock. We reported a 32% plasma 
deficit after six hours leading to several new theories 
regarding the treatment of decompression sickness. 


CLINICAL EXPERIENCE 


Our 1962 experimental studies showed that within the - 


framework ef this experiment, recompression could be 
withheld. The important physiological principle was re- 
exparsion of the depleted plasma compartment in animals. 
In humans develeping decompression sickness, we also 
noted a plasma deficit. We suggested combining recom- 
pression witk colloidal reexpansion of the plasma compart- 
ment ir animals. In humans developing decompression 
Sickness, we also noted a plasma deficit. We suggested 
combining ~ezompression with colloidal reexpansion of the 
plasma compartment. The polysaccharide dextran was 
administered. 

An unique experience that we encountered in three 
humans is werth describing in detail. In 1964, we treated 
three Los Angeles County sanitation workers who had 
exposed themselves to a substantial pressure depth during 
a 24-hour period. They had entered a hyperbaric chamber 
out of curiosity anc wished to be taken to a depth of 53.3 m 
(517 newtons’sq em-gauge’. Unfortunately, the chamber 
could ən y inarease atmospheric pressure at the rate of 1.4 
to 2.1 x 10° dynes/sc em/min. At least 75 minutes elapsed 
before a depta of 53.3 m was reached. Decompression could 
only be accomplished at the same slow rate. 

All three workers were taken to the emergency room at 
Harbor Gere-al Hospital. The first patient, who was tall 
and lean, complained only ef itching on scattered areas of 
his skin. The second patient had the bends. He complained 
of shoalder and knee pain that caused him to double over. 
The tkird patient wes in obvious shock due to circulatory 
insufficiency. Hypetension had developed after several 
hours. Blood 5ressare was 30/55 mm Hg. There was the 
familiar purplish skin mottling over his pale body skin. His 
hematocrit level (velume packed RBCs) was 58%. 

The second and third patients were eventually recom- 
pressed. Human albumin was given intravenously (500 mL) 
in the hypotersive patient. This was followed by 500 mL of 
dextran 70 (70,000 mo/wt) to the patient experiencing 
shock. These two patients were transported to the recom- 
pression cham ber and treated according to Table 4 of the 
standard Navy recompression schedule. This long treat- 
ment schedule lasting more than 36 hours involves recom- 
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pression to 50.3m. The patient in shock had a hematocrit 
level of 62% after receiving 750 mL of dextran 70. We 
estimate that the volume of plasma lost from the patient in 
shock was approximately 2,500 mL. This caleulation is 
based on a iodinated I 131 serum albumin study performed 
after chamber removal and at a time when his hematoerit 
level returned to a normal level of 42%.’ 

The so-called sludging of blood or increase in hematocrit 
level was seen only in the third patient. We believe that 
sludging or an increased viscosity of blood is simply a 
manifestation of a plasma deficit. | 

Previous experiments in dogs with splenectomy coupled 
with the aforementioned unique triad of clinical experi- 
ences provided our team with the evidence that dextran or 
other colloidal expanders are of utmost importance in 
treating decompression sickness.* 


PULMONARY INVOLVEMENT 


We first reported bone marrow emboli in the pulmonary 
arterioles of dogs in 1963 after substantial overcompres- 


sion to 50.3 m.* This suggested the possibility that lipid — 


emboli could exist with gaseous emboli.” Bone marrow 
emboli were easily seen in the majority of lung sections. 
Subsequent studies by our group showed that lipid emboli 
actually made up many of the emboli in the pulmonary 
system after decompression of dogs." This revelation led 
us to postulate that dextran and other antilipemie thera- 
peutic agents could also be effective because of lipid 
clearing actions." 

Further investigations led to the finding of pulmonary 
entrapment of emboli and blockade in major pulmonary 
arterioles of dogs after overcompression to 50.3 m.'? Pulmo- 
nary isctopie scans were obtained before (Fig 1) and after 
the development of experimental decompression sickness." 
A bottom time of 60 minutes was used. In time, pulmonary 
radioisotopic color scans were obtained to more clearly 
delineate the areas of embolization.' We also included lung 
biopsy specimens of embolized areas demarcated by lung 


` scans to document the areas of involvement. These series 


of studies again demonstrated the importance of pulmo- 
nary entrapment of emboli in moderately severe decom- 
pression sickness. It is important to reemphasize that the 
involved or embolized areas in the lungs were seen during 
the period the dogs were undergoing treatment consisting 
of dextran colloidal replacement. Moreover, while plasma 
reexpansion was underway, lipid and gaseous emboli were 
blocking selective areas of the pulmonary arterial circula- 
tion. The implication of these findings again emphasized 
the importance of supporting the systemie circulation by 
treating the plasma deficit. Recompression was withheld 
in all of the animal studies. 

Hallenbeck and his group" published an interesting 
series of experiments demonstrating the mechanisms for 
spinal eord paralysis in dogs and probably in humans. 
After unsafe dives to 67 m in a pressure chamber, they 


noted hind limb paralysis. All dogs had involvement of the _ z^ 


spinal cord. The nature and distribution of the lesions 


favored venous obstruction by coalescing bubbles as the - 


cause of spinal cord damage. 
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left lobe. 





5-26-65 | hr. after decompression 
Note decreased activity in upper 


DEXTRAN 


6-8-65 13 days after dysbarism 
Scan is normal 


Fig 1.—Pulmonary scan using radioiodinated aggregates of iodinated | 131 serum albumin. 


The authors postulated that the gaseous emboli cause an 
abrupt rise in pulmonary artery pressure. During respira- 
tory excursions, the intrathoracic/intracaval pressure 
rises. Bubbles coalesce and are forced backward along the 
azygos veins to smaller venous tributaries coming from the 
spinal cord. Venous congestion results in lesions in the 
white matter. The gray matter is generally spared. 

In the less severe form of decompression sickness involv- 
ing the spinal cord site, white matter may be involved 
causing hind limb paraplegia. The causal factor is venous 
oeclusion from bubbles formed due to a rise in pulmonary 
artery pressure. 


SEVERE DECOMPRESSION SICKNESS 
LEADING TO AIR EMBOLI 


In terms of severity, the next phase of decompression 
sickness would be air and lipid macromolecules escaping 
from the pulmonary system and forming emboli. In some 
instances, the presence of an intact foramen ovale is of 
importance in explaining the sequence of events. In most 
instances, gaseous emboli may rupture the alveoli and 
escape into the pulmonary venous system, the left heart 
and the systemic arterial circulation. A third mechanism 
mentioned is the development of arteriovenous shunts that 
can cireumvent alveoli. Regardless of the exact pathophys- 
iology, we have observed bubbles in the eye of the monkey 
after overcompression to 53.3 m, remaining at the bottom 
for 60 minutes and decompression to the surface. On seven 
occasions, we have observed differences in pupillary size. 
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On severa. occasions, these findings have been associated 
with slow-wave EEG changes in the temporal and parietal 
regions (Fig 2). On two occasions, we have treated single 
patients ia a recompression chamber because of decom- 
pression sickness. Again slow-wave EEG changes were 
observed.” 

The previously mentioned findings have led us to photo- 
graph the eyegrounds of monkeys before and after consid- 
erable ov2rcompression (53.38 m for 70 minutes). This 
approach nas allowed documentation that the subhuman 
primate, lke man, has two circulations in the fundas." The 
first cirevlation to be affected by embolization is the 
choroid plexus. The second is the retinal artery and its 
branches. Future studies correlating slow-wave EEG 
changes im the occipital region and the eyegrouncs should 
be of major importance. These studies are underway. We 
have also defined the ocular changes in the subhuman 
primate by injecting air into the carotid artery. These 
specific stidies also demonstrate that the choroid plexus is 
involved initially and the retinal artery secondarily." 

When decompression sickness of severe magnitude 
develops, some of the venous emboli escape because of 
rupture o7 migrate through shunts, as has been described, 
into the a-terial circulation. One can monitor these changes 
by observing the eyegrounds or conducting EEG studies. 


SPINAL CORD INVOLVEMENT 


Two exoeriments in dogs have provided new information 
regarding hind leg paralysis after decompression to 50.3 m 
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for one hour. Both animals developed paralysis of hind 
limbs three to four days a?ter experimental decompression 
sickness and treatment with dextran 70. Euthanasia was 
performec exactly seven days after decompression in both 
instanees. 

Patkologi* reperts in each dog described changes in the 
spinal cord. In one dog, six different levels of the cord were 
sectioned, t-vo from cervieal cord, two from thoracic cord, 
and one each from lumbar and sacral regions. Both sections 
from the thoracie segments showed extensive destruction 
predominantly involving the grisea. The entire gray 
matter, except for a few perikarya of the anterior horn on 
one sid» wese destroyed. The white matter adjacent to this 
destructive esion showed extensive spongy degeneration. 
The previously described changes are consistent with 
myelomalzeza present for a few days and are due to 
obstruction of the nutrient artery. 

The second dog had paralysis of both hind limbs that 
became apparent four days after decompression and 
dextrar 70 -reatment. Sections of the spinal cord were 
taken from 11 different levels. In two sections from the 
thoracie arez, there were focal zones of demyelination in 


the posterior portion of the lateral column and in the 


posterier coumns. In these zones, there was increased 
cellularity, vaseular proliferation, and lipid laden histio- 
cytes. At a second thoracic level, a focal zone of hemor- 
rhage was present in the ventral horn. This dog differed 
from the first dog in that focal necrosis occurred in the 
white matte“. The gray matter was spared, suggesting a 
venous outflew obstruction. 

Wher spiral cord involvement is present, destruction of 
white matter is caused by venous occlusion at the site. The 
more severe form of arterial embolization often causes 
occlusion o? -he nutrient artery and results in destruction 
of gray matter. 


LIPID EMBOLI AND ALTERATIONS IN PLASMA LIPIDS 


A number of investigators have shown that obese small 
animals are more prone to the development of decompres- 
sion sickness than similar lean animals. Philp et al? 
recently mertioned this finding in the fat-laden animal. 

We and cthers have been impressed with the lipid 
clearing quaities of the polysaccharide dextran 70 and 
heparin sociem. A few years ago we reviewed the role of 
lipids in deccmpression sickness,” and were impressed by 
the marked similarity of fatty embolization after trauma 
to the lewe> extremities and decompression sickness. This 
report led our group to make new tissue sections of 37% 
formaldshyde-preserved lung specimens from dogs pre- 
viously overeompressed to 50.3 m for one hour and subse- 
quently deeampressed to surface in ten minutes. Such 
lungs from dogs treated by dextran and subsequently 
killed many months later as an elective procedure contin- 
ued to demonstrate lipid emboli coexisting with areas 
attributed to gaseous emboli. Control dogs had fewer lipid 
laden areas 

Subsequently, animal studies were completed evaluating 
plasma lipids in dogs before and after overcompression of 
50.3 m for cn» hour (Table 1). Triglycerides, phospholipids, 
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and cholesterol levels were substantially elevated in the 


plasma of dogs removed from the hyperbaric chamber 3 


three hours after undergoing significant decompression. 

During the past five years, we have enlisted the aid of 30 
volunteer scuba divers diving at depths of 30.5 to 61 m. In 
all of the volunteers, bends or complications resulting from 
diving were not encountered. Standard US Navy diving 
and decompression tables were used. At 61 m bottom, time 
did not exceed four to six minutes. Table 2 demonstrates 
substantial elevated plasma lipid levels after the deeper 
human dives. In most instances, the same divers did not 
provide blood samples in the second and third dives that 
took place in different locations. The postdive plasma 
sample was obtained within 15 minutes after surfacing 
from the ocean. Predive plasma samples were taken at 
least three hours after a low-fat meal or the beginning of a 
fast. 

Since animal and human studies show plasma lipid levels, 


Table 1.—Lipid Profile in Dogs 
Overcompressed to 49.50 m for 1 hr* 


Predive, Postdive 3 hr After 
mg/dL Surfacing mg/dL P 


Cholesterol 144 160 <.005 
Phospholipids 298 325 <.02 
37 


. Triglycerides. . 26.7 <.02 
Total lipids 518 <.03 





561 









*Number of animals is 13. 
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Fig 2.—Slow wave changes in monkey brain after decompression 
from depth of 53.3 m (bottom time, 60 minutes). 
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ie, triglycerides, phospholipids, and cholesterol to be 
substantially higher after overcompression, the aforemen- 
tioned data suggest that alterations in the lipid macromol- 
ecules may play a major role in the genesis of decompres- 
sion sickness. One is tempted to suggest that sport and 
certainly commercial divers should present a lean physical 
profile if possible. 


BLOOD AND COAGULATION FACTORS 


A number of investigators assisted our group in analyz- 
ing human blood samples or undertaking special hemato- 
logical studies. Table 3 gives the results of the volunteer 
divers. Partial thromboplastin time is not prolonged 
substantially. The elevation in platelet counts immediately 
after the open dive is probably considerable. In the 
afflicted diver with decompression sickness, the release of 
serotonin with breakdown of platelets results in a consid- 
erable reduction in the platelet count. 

Hematocrit level (VPRC) increases after the dive in the 
great majority of voluntary divers (Table 4). Two factors 
can account for the dehydration: first, immersion into 
water causes a urinary diuresis; second, breathing 
compressed air with virtually no water vapor leads to 
dehydration in the upper respiratory tract. We believe that 
sludging is a manifestation of this relative general dehy- 
dration. It can be postulated that the increased viscosity of 
blood due to dehydration, when coupled with alterations in 
the plasma lipids, can encourage bubble formation and 
embolization during decompression. This coexistence of 
lipid and gaseous emboli would help to explain the fact that 
all dogs in paired experiments (Fig 3) survived when 
dextran was infused early after decompression, whereas 
the untreated controls died within six hours. Recompres- 
sion was not used in either group. Apparently, the polysac- 














*Catalina dive. 
tHawaii dive. 












Table 2.—Changes in Blood-Lipid Profile Human Volunteers (30-60 m) 





Test (N) Predive Postdive Mean Difference Probability of Difference 
Total cholesterol* (18) 192.2 mg/dL 202.9 10.7 <.02 
Unesterified fatty acids (28) 515 mEq/L .686 0.172 <.005 
Phospholipids} (30) 267 mg/dL 37 <.01 


Table 3.—Blood and Coagulation Factors in Diving Human Volunteers (30-60 m)* 








Test (N) Predive Postdive Mean Difference of Diffarence 
Volume packed RBCs (hematocrit), % (28) 45.0 46.3 1.3 <.J05 
Platelet count, x 10'°/L (18) 2.98 x 10° 3.61 x 10* 0.64 x 10* «— .201 
Partial thromboplastin time, s (25) 36.4 39.1 2.64 <1 





charide dextran maintains an effective circulating blood 
volume so -hat some gaseous emboli can escape into the 
alveoli during respiratory exchange. Dextran 70 also a'iers 
lipid embol . 


PRINCIPLES FOR TREATMENT 


Treatment of decompression sickness in humans is 
aimed at several of the following physiological systems: (1) 
Respiratorr—an airway must be established. Oxygen 
should be administered if available. Recompression is the 
treatment ef choice when available. Inclusion of oxyzen for 
breathing within the diving chamber at superficial depths 
is beneficial. (2) Cireulatory replacement of plasma fluid 
loss is mandatory. Dextran should be infused to establish 
an effectiv2 circulatory volume. Dextran is an effective 
colloidal reslacement solution and can be easily stored. It 
also has an antilipemie clearing action. We believe that its 
use is also l fesaving, particularly in the usual circumstance 
where the treatment chamber is in a distant location. (3) 
Neurological—air embolism is a more catastrophic orm of 
decompression sickness with a capacity for spread of 


CONTEOL 
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Fig 3.—Bargraph comparing control animals with experimental 
animals (lethal model) that received dextran 70 for trea:ment. 





NUMBER of DOGS 
Survived 






Expired 











Probability 





*No significant difference for the following: RBC, WBC, prothrombin time, thrombin time and fibrinogen levels. 


Table 4.—Hematocrit Determinations and RBC Sounts in Volunteers 





No. of Samples Determination Performed 


2 


Mean Predive 
Volume packed RBCs, (hematocrit), % 45.0 


Probability 
of Difference 


001 < P < .005 


Mean Postdive Mean Difference 


«6.3 1.3 


8 
26 RBCs, x 10"/L 4.98 x 10° 5.04 x 10° 0.06 x 10° IB Pc. 
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embol: to tne CNS and selected organ systems. In this 
instance, w» would add heparin and steroid therapy to 
dextran infusion and recompression." In our experience, 
monitering 5f the EEG and examination of the eyegrounds 
can be invzluable.* The occipital, temporal, and parietal 
regions seem to be most affected. 

If the sigas and symptoms of decompression sickness are 
recognized, then -reatment as aforementioned can lead to 
a much higner salvage rate. Our most recent experience 
using this combined treatment in 18 divers with bends or 
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decompression sickness has resulted in the salvage of 
cases.^ 


ES 
This research was supported in part by grant N 00014-67-A-0398-0008 - 
from the office of Naval Research, and grants from the Janss Foundation, - 


the Oceanic Institute, and the Dive and Surf Inc. 


Stephen M. Pauley, MD, and Richard Heusinkveld, MD, assisted in — l 


analyzing human blood samples and undertaking special hematological 
studies. Wesley Moffett supported in part the Catalina dive. 


Nonproprietary Name and Trademark of Drug 


Dextran 70—Macrodex. | 


References 


1. Behnke A 3: Decompression sickness. Mil Med 117:257-27 1, 1955. 

2. Spencer MP, Johansen DC, Campbell SO: Safe decompression with the 
Doppler altrasmiec blood bubble detector, in Lambertsen CS (ed): Underwa- 
ter Physwlogs. 3altimore, Federation of American Societies for Experimen- 
tal Biology, vol-5, 1976. : 

3. Cockett ATK, Pauley SM, Saunders JC, et al: Coexistence of lipid and 
gas embeli in experimental decompression sickness, in Lambertsen CJ (ed): 
Underwater Playsiology. New York, Academic Press Inc, 1971, pp 245-250. 

4. Philo RB, 3owdey CW: Experimental analysis of the relation between 
body fat and susceptibility to decompression sickness. Aerosp Med 35:351- 
354, 1964 

9. Cockett ATK, Nakamura RM, Franks JJ: Delayed shock in experimen- 
tal dysbarism. Surg Ferr m 14:7-8, 1963. 

6. Cockett ATK, Nakamura RM: New concepts in the pathophysiology of 
experimental Gysbarism Decompression sickness. Am Surg 30:447-451, 
1964 


T. Cockett ATK, Nakamura RM: A new concept in the treatment of 
decompression ickness (dysbarism). Lancet 1:1102-1103, 1964. 

8. Cockett ATK, Nakamura RM, Franks JJ: Recent findings in the 
pathogenesis o: decompression sickness (dysbarism). Surgery 58:384-389, 
1965. 

9. Cockett ATK, Nakamura RM, Kado RT: Physiological factors in 
decompression sickness. Arch Environ Health 11:760-764, 1965. 

10. Coekett «TK, Nakamura RM, Kado RT: The pathophysiology of 
decompression sickness—dysbarism. Proceedings of the XVIth International 
Astronautica- Congress. Warsaw, Polish Scientific Pub, 1967, pp 185-189. 

ll. Gockett ATK, Pauley SM, Saunders JC, et al: Histopathological 
evidence for pulmonary emboli in experimental decompression sickness 
diagnosed by ralioisotepic lung seanning. Aerosp Med 40:1357-1360, 1969. 

12. Pauley 3M, Coeket= ATK: Role of lipids in decompression sickness. 
Aerosp Med 41:56-61, 1970. 

13. Cockett ATK, Mangelson NL, Swanson L, et al: The diagnosis of 
experimental pulmonary aeroemboli following decompression by radioiso- 


Arch Surg—Vc* 114, March 1979 


f E. t u- n "Tw E.» ES. 
(mad a ee eee ee ae CL eee ee Oe nta Fo 


topic lung scanning. Am Surg 34:109-113, 1968. 
14. Cockett ATK, Swanson LE, Kado RT: Location of pulmonary emboli 


. following decompression by radioisotopic lung scanning. Rev Physiol Suba- 


quatique 4:283-287, 1969. 

15. Cockett ATK, Mangelson NL, Kado RT, et al: Radioisotopic color 
scanning of pulmonary aeroemboli in experimental decompression sickness: 
Dysbarism. Aerosp Med 39:1052-1054, 1968. 

16. Hallenbeck JM, Bove AA, Elliott DH: Mechanisms underlying spinal 
cord damage in decompression sickness. Neurology 25:308-316, 1975. 

17. Zweizig JR, Hanley J, Cockett ATK, et al: EEG Monitoring During 
the Treatment of Decompression Illness (“Bends”). Proceedings of the 
IEEE National Telemetry Conference, Washington, DC. Washington, DC, 
Institute of Electrical and Electronic Engineers, 1969, pp 195-198. 

18. Cockett ATK, Zehl DN, Hanley J, et al: Effects of emboli on the 
neurocirculatory system in decompression sickness, in Trapp WG, Banister 
EW, Davision AJ, et al (eds): Proceedings of the Fifth International 
Hyperbaric Congress. Burnaby, BC, Canada, Simon Fraser University, 1974, 
pp 883-889. 

19. Pauley SM, Saunders JC, Depenbusch FL, et al: Unusual experiences 
in the hyperbaric chamber, in Wada J, Iwa T (eds): Proceedings of the 
Fourth International Congress on Hyperbaric Medicine. Tokyo, Igaku 
Shoin Publishers Ltd, 1970, pp 495-499. : 

20. Philp RB, Gowdey CW, Prasad M: Changes in blood lipid concentra- 
tion and cell counts following decompression sickness in rats and the 
influence of dietary lipid. Can J-Physiol Pharmacol 45:1047-1059, 1967. 

21. Cockett ATK, Pauley SM, Roberts AP: Advances in treatment of 
decompression sickness: An evaluation of heparin, in Fructus X (ed): Third 
International Congress on Hyperbaric and Underwater Physiology. Paris, 
DOIN Editeurs, 1972, pp 156-160. 

22. Cockett ATK, Saunders JC, Depenbusch FL, et al: Combined treat- 
ment in decompression sickness, in Wada J, Iwa T (eds): Proceedings of the 
Fourth International Congress on Hyperbaric Medicine. Tokyo, Igaku 
Shoin Publishers Ltd, 1970, pp 89-92. 


Bends and Decompression Sickness—Cockett et al 301 


J rl 
AA 


" a 
et 







". 
bel a 


5 


‘Oy 








ry 





=- Festsenritt — | ENG man 





Subendoeardial Protection 


During Cardiopulmonary Bypass 


Its Use With Methylprednisolone and Glucose-Insulin-Potassium 


George L. Hicks, MD; Aaron A. Hill; James A. DeWeese, MD 


e Fifteen adult dogs were equally divided into three groups: 
group 1 (control) received no medication before or after cardio- 
pulmonary bypass (CPB), group 2 was administered glucose- 
insulin-potassium (GIK) according to Maroko's protocol before, 
during, and after CPB, whereas group 3 was treated with 
methylprednisolone (30 mg/kg) 30 minutes prior to and near the 
end of CPB. Moderately severe subendocardial hemorrhage was 
present in 80% of group 1, 50% of group 2, and only 20% of group 
3 ventricles. Endocardial viability ratios after CPB were greater 
than 0.75 in 20% of group 1, 80% of group 2, and 100% of group 3 
animals. 

Both GIK and steroids improved subendocardial perfusion 
after anoxic arrest and CPB compared with controls. However, 
steroid-treated dogs exhibited less endocardial hemorrhage, 
improved contractility, and more rapid return to baseline condi- 
tions than either GIK or control animals. These data suggests 
that steroids could be considered whenever normothermic 
anoxic cardiac arrest is used for cardiac operations. 

(Arch Surg 114:302-304, 1979) 


yocardial and subendocardial preservation have 
become an essential technique in coronary artery 
surgery. Subendocardial hypoperfusion and ischemia is 
associated with both a low-output syndrome and higher 
mortality postoperatively. Buckberg et al' and others”? 
have reported on many factors influencing myocardial/ 
subendocardial perfusion and established principles for 
maintaining subendocardial viability. Yet, controversy still 
remains concerning the optimal method or combination of 
preservation techniques that constitute the ultimate 
protection of the ventricle.'^ 
Pharmacologieal agents, such as methylprednisolone 
(MP, Solumedro)* diluted with sodium succinate, pH 7.40, 
and glucose-insulin-potassium (GIK)'* have been shown 
experimentally to stabilize cellular function during 
ischemic periods. This study was designed to evaluate the 
effects of GIK and methylprednisolone (MP) on subendo- 
cardial hemorrhage, perfusion, and metabolism as well as 
ventricular function after 30 minutes of normothermic 
aortic cross-clamp anoxic arrest. 


METHODS AND MATERIALS 
Fifteen adult mongrel dogs (14 to 22 kg) were anesthetized with 


thiopental sodium (5 mg/kg) and ventilated using a respirator. 
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Systemic arterial blood pressure was monitored by a stram gauge 
connected tc a No. 16 longdwell catheter in the femora. artery. 
Fluids were administered through a peripheral venous cetheter. 

A bilatera anterior thoracotomy was performed and the azygos 
vein was ligated. Heparin sodium (250 mg/kg) was then adminis- 
tered by direct atrial injection and aortic cannulation for CPB was 
carried out. Venous return was controlled by both inferior and 
superior vena caval cannulae and a left ventricular sump inserted 
through the superior pulmonary vein. Left ventricular pressure 
(LVP) and unction (dp/dt), myocardial temperature, EKG, and 
left ventricalar subendocardial pH (pHe) were measured and 
recorded as described previously.'^ A 5-mm pH probe was placed at 
10-mm depta in the lateral aspect of the left ventricular pressure 
and was suspended to prevent interference from contraction. 

The animals were equally divided into three groups. Group 1 
(control) received no medication before or after normothermic 
anoxie arrest and CPB. Group 2 was administered GIK according 
to Maroko’s formula (0.028 mL/kg/min)’ before, during, and after 
CPB, whereas group 3 dogs were treated with MP (30 mg/kg 
intravenous y) 30 minutes preceding anoxia and again at the end 
of the arres: period. 

Before C?B was instituted, baseline data (systemic arterial 
pressure, EEG, blood pH, pHe, LVP, LVEDP, left atrial pressure, 
and temperature) were recorded in all animals. Cardiopulmonary 
bypass was begun with flow rates of 75 mL/kg/min and a water 
bath temperature set at 37 °C. The aorta was then cross-clamped, 
normothermic anoxic arrest instituted, and temperature eorrected 
pHe continvously recorded. 

After 30 minutes, the aortic cross-clamp was removed and five 
minutes allcwed for myocardial reperfusion. No medications were 
used excep. sodium bicarbonate, which was administered as 
necessary according to the blood pH. Normal sinus rhythm was 
restored with a defibrillator as soon as possible and CPB was 
discontinued. Repeated values were then measured at 30 minutes 
after cross-clamp release for comparison. 

The heart was then removed. The subendocardium photo- 
graphed and evaluated for hemorrhage. Stippling of the subendo- 
cardium wes graded as minimal hemorrhage, whereas confluent 
areas of hemorrhage involving one papillary muscle base and some 
subendocardium was regarded as moderate. Severe hemorrhage 
was indicated by confluent hemorrhage throughout the majority 
of subendocardium involving both papillary muscles. 

Endocardial viability ratios (EVR) "° were determined by 
planimetric analysis of left ventrieular pressure curves for both 
preanoxie and postanoxic arrest periods. Ventricular function 
([dp/dt]/ Pmax) was calculated by computer analysis of the LVP 
curve, dete-mining maximum rate of increase during the isovo- 
lumic pericd and dividing by the pressure at which it occurred 
(Prax)? 

Statisticel analysis, including means, SEM, and Student's t test 
was carriec out on a previously programmed caleulator. All values 
are expressed as SEM. 
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Toor T RESULTS. EROAA 

^ AE dogs prior te CPB hed EVR renter than 0. 75. Kier 
30 minates ef anoxic arrest, EVRs were greater than 0.75 
in 20%-of group 1, 80% of group 2, and 100% of group 3. 
Moderzte -c severe subendocardial hemorrhage was pres- 
ent in £0% o: group 1, 60% of group 2, and only 20% of group 
3 ventricles. Mortality due to ventricular failure was 40%, 
20%, and 0% in group 1-3, respectively. The (dp/dt)/P,,,, 
was substaatiallr increased in group 3 prior to CPB 
(33.4 + 2.1) 2ompared with group 2 (28.1 + 1.2) and group 1 
(28.5 + 1.1). However, as shown in the Table, after anoxic 
arrest and CPB esntractil ty declined 51% in group 1, 38% 
in group 2, and 3 % in group 3 dogs. 

Men toring of pHe throughout the experiment is shown 
in Fig 1. Groups 2 and 3 demonstrated a rapid return to 
baseine pH» witkin 15 mmutes after reperfusion. Howev- 
er, pHe in g-oup f remained depressed at the end of 15 and 
30 minutes after release ef the aortic cross-clamp. 

Absclute eomparison of pH changes in which baseline pH 
for all groups is 100% and subsequent pH changes are 
represented as a »ercentaze of the maximal pH change in 
that group is demonstrated in Fig 2. A rapid return to 100% 
is present in bota groups 2 and 3, with an overshoot of 
baselire present in group 3. Group 1 remains depressed 
throaghout. 

COMMENT 

Subendocardial preservation during CPB constitutes the 
mos: impor-ant method fer reducing post-CPB low-output 
syncrcmes and mortality. These preservation techniques 
have been extens-vely reviewed and disputed in the recent 
literatare.* In general, subendocardial ischemia is mini- 
mal when a normal supply-demand (diastolic pressure time 
index to time tension index) balance involving perfusion 
and cellular metabolism can be achieved. However, under 
concit-ons cf anozic arrest, the biochemical and contractile 
functiens cf the cell must be stabilized if deleterious 
effects of chemia are to be minimized. Theoretically, 
pharmacological agents associated with cellular stabiliza- 
tion during ischemia should provide a protective effect and 
ensure maximura celluler efficiency when perfusion is 
re-established. For this reason, MP and GIK have been 
proposed tc minamize the intracellular i injury created by 
ischemia during SPB. 

Steroids ħave kad clinieal application for many years in 
shock' and experimentally in improving pulmonary perfu- 
sion'^* anc reducing the size of myocardial infarcts.''* 
The mode o£ pharmacological action i is a combination of the 
follew:ng imterre ated effects*'": maintenance of capillary 
integrity; maintenance of cell membrane or plasma 
membran2 integrity; lysamal stabilization: peripheral and 
central vasodila-ion; and positive inotropic effect on 
myccardium. Thas, steroids should be capable of cellular 
stabilization whe enhancing contractility and maintain- 
ing perfusion du= to vascdilation. Busuttil and associates’ 
have showr that MP (30 mg/kg intravenously) adminis- 
tered 18 hours and one hour prior to CPB improves 
hemocynamic am contractile indices after 30 minutes of 
aortic oczlasion. In adcition, enzymatic evidence (de- 
creased f-glucuronidase, potassium levels, and increased 
ratios of aGenosiae monophosphate to guanidyl monophos- 
phate imcicatec that steroids stabilized the cellular 
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millieu during ischemia. Clinieally, some studies have 


noted enhanced postoperative renal output, cardiac 
performance, and pulmonary function, whereas others 
have not seen any substantial advantage." 

Glucose-insulin-potassium have been used by Maroko*?' 
and others* to diminish ischemic injury to the myocardium. 
Glucose-insulin-potassium decreases glycogen use after 
ischemia by stabilizing the energy dependent ATPase 
system and maintaining the extracellular-intracellular K + 
gradient. Kappelman and Hewitt? demonstrated consider- 
able protection under ischemic arrest conditions in terms 
of myocardial glycogen and contractility. 

In this study, both GIK and MP provided subendocardial 
protection after anoxie arrest and CPB compared with 
eontrols. However, substantially less subendocardial 
hemorrhage was present in the steroid-treated group (20%) 
when compared with either GIK (60%) or control (80%). 
Furthermore, ventricular function for the steroid-treated 
animals was substantially higher than either GIK or 
control dogs prior to CPB due to the positive inotropic 
effect of MP. Postanoxic arrest, the steroid-treated group 
had the highest (dp/dt)/P,,,, (23.1 + 1.5) because of the 
higher baseline level, whereas ventricular function decline 
was similar for both MP (31%) and GIK dogs (88%) 
compared with controls (51%). 

Subendocardial pH (pHe) monitoring is a direct tech- 
nique providing online evaluation of myocardial metabo- 
lism. The H+ production of the myocardial cell, the 
permeability of that cell, and the flow and pH of blood in 


the probe area influence the pHe. Thus, with a constant - 


rate of H+ production and increased subendocardial flow 
(increased inflow pressure, decreased resistance, or both) 
pHe increases because the pH of arteriole blood is greater 
than that of the endocardium (7.3 vs 6.5 to 6.7). Conversely, 
if subendocardial flow diminishes, pHe decreases as 
anerobic metabolism increases H+ production. 
Subendocardial pH monitoring showed interesting 
aspects of subendocardial metabolism. The initial pHe in 
steroid animals (6.44 + 0.03) was considerably different 
from control and GIK animals (6.74 + 0.04). This discrep- 
ancy is probably not secondary to the sodium succinate in 
MP solution, as the solution pH was 7.4 and sodium 
succinate should not affect cardiac metabolism. This para- 
dox, however, may be due to the positive inotropic effect of 
MP, causing an increase in (dp/dt)/ Pmax metabolic rate and 
myocardial oxygen demand, while subendocardial perfu- 
sion remains unchanged. Endocardial viability ratios were 
greater than 0.75 in all steroid dogs, indieating presumably 
adequate ventricular supply/demand. But it is quite possi- 
ble that subendocardial pH monitoring is a more accurate 


. reflection of subendocardial changes in metabolism, not 
demonstrated by the rather crude calculations of EVR. 


Thus, pretreated dogs may have a relative subendocardial 
perfusion imbalance prior to CPB, a hypothesis which could 
be tested by monitoring pHe changes prior to and during 
the addition of MP in the pre-CPB period. At present, this 
question remains unanswered. 

Subendocardial monitoring also showed that all groups 
exhibited similar changes in pHe during the cross-clamp 
period, but that the steroid and GIK groups returned to 
baseline more rapidly than controls. Thus, both agents 
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demonstra:e some capacity to stabilize cellular function 
after ischemia, improve subendocardial perfusion through 
vasodilation, and diminish anerobie metabolism. Lastly, 
the steroid-treated dogs maintain prolonged subendocar- 
dial vasodi ation and maximal perfusion exhibited by the 
elevation of pHe above pre-CPB levels, and the establish- 
ment of a more normal supply/demand balance. 

In this study, both GIK and steroids demonstrated 
improved sabendocardial perfusion after anoxic arrest and 
CPB compared with controls. However, steroid-treated 
dogs exhib ted less subendocardial hemorrhage, improved 
contractility, and a more rapid return to baseline condition 
than eitherGIK or contro! dogs. The controversy continues 
over which combination of techniques optimally stabilize 
and preserve the ventricle during CPB. However, these 
data suggest that steroids provide some protection of 
myocardial function and subendocardial perfusion under 
anoxic corditions and should be considered whenever 
normothermic anoxic cardiac arrest is used to improve 
subendocardial protection. 
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Gastric Lymphoma vs Adenocarcinoma 


A Diagnostie Problem 


William L. Maeon IV, MD 


* The prevalence of gastric lymphoma is increasing relative to 
gastric carcinema. The differentiation between these two diag- 
noses can be difficult, but it is important from the standpoint of 
treatment and prognosis. These case reports illustrate that the 
results of gast-oscopy. biopsy, and cytology may be misleading. 
If there is any question at the time of exploration, a biopsy and 
frozen section should be obtained before proceeding further or 
before closing the abdomen without resection. The pathologic 
diagnosis will determine the operation and postoperative treat- 
ment to be camied out. 

(Arch Surg 114:305-306, 1979) 


Ithough the prevalence of gastric carcinoma is decreas- 
ing in the United States, the prevalence of gastric 
lymphoma seems to be proportionately increasing.’ The 
differential diagnosis between gastric lymphoma, particu- 
larly histiecy-ie lymphoma, and adenocarcinoma has been 
difficult. The introduction of gastroscopy with biopsy and 
cytology might be thought to help in this differentiation, 
but several recent cases have shown us that this is not 
true. 


REPORT OF CASES 


Case 1.—A 60-year-oló man was admitted to the hospital because 
of peptic-uleertype pain of one month's duration and a 4.5-kg 
weight loss, Hethad an episode of hematemesis three months prior 
to admission. An upper gastrointestinal (GI) series showed a 4-cm 
large uleer in the gastric antrum near the lesser curvature. On 
gastroseopy, the lesion was grossly thought to be carcinoma of the 
stomach. Biepsy specimens were taken of the margin of the ulcer, 
but only granulation and fibrosis were seen—no malignant 
neoplasm. Repeat gastroscopy and biopsy specimens were read as 
poorly differentiated adenocarcinoma. Gastric cytology was 
thought te be possibly lymphoma, but the weight of the evidence 
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was given to the biopsy findings, and the diagnosis was made of 
poorly differentiated adenocarcinoma. 

On exploration, a tumor was felt in the antrum and measured 
approximately 10 em across. There were several large lymph nodes 
about the stomach. There was no evidence of any distant spread. A 
radical subtotal gastrectomy with anticolic gastrojejunostomy was 
carried out. The pathology report indicated that the tumor was 
histiocytie lymphoma. The tumor had invaded the muscularis, 
focally infiltrating the serosa. The margin of resection and 15 
lymph nodes were free of tumor tissue. Routine scans of the liver, 
spleen and bone were all negative. The liver chemistries were 
normal. An intravenous pyelogram was normal. The patient 
continues to do well with no evidence of recurrence after two 
years. 

Case 2.—A 51-year-old man was admitted to the hospital because 
of an 8-kg weight loss, nausea, and increasingly severe epigastrie 
pain for seven months, On admission, an upper GI series showed a 
persistent midlesser curve mass measuring 3 x 5 cm in size, with 
an uleer in it about 15 x 10 mm in size. Gastroscopy showed a 
large ulcerated fungating mass about 10 em long and 4 em in 
breadth along the posterior wall, extending into the antrum 2 em 
proximal from the pylorus. Biopsy specimens and brush cytology 
showed undifferentiated large cell tumor, “probably carcinoma 
rather than lymphoma.” A bone marrow biopsy specimen and liver 
chemistry results were normal. Liver scan was normal. 

A large tumor mass in the stomach with large nodes in the 
subpylorie and gastrohepatic areas was found at laparotomy. A 
radical subtotal gastrectomy with anticolic gastrojejunostomy was 
carried out. Pathology report showed histiocytic lymphoma of the 
antrum and body of the stomach. The tumor had infiltrated the 
submucosa, but not the muscularis propria. One of 20 lymph nodes 
showed histiocytic lymphoma. 

The patient was begun on a regimen of chemotherapy, including 
eyclophosphamide (Cytoxan), prednisone and vincristine sulfate. 
Seven months postoperatively, the patient underwent evaluation 
for metastatic or recurrent disease and the results were nega- 
tive. 

Ten months postoperatively, a mass was noted in the right 
inguinal area. Biopsy specimen showed histiocytic lymphoma. 
Chest roentgenogram showed a 2-em nodule in the left lower lobe. 
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Liver scan and liver function tests were normal. On excisional 
biopsy of the lung, lesion histiocytic lymphoma was found. The 
patient recently died, while receiving chemotherapy. 

Case 3.—A 79-year-old man was admitted to hospital for evalu- 
ation of anemia and 8-kg weight loss during a two-year period. He 
had been experiencing easy fatigability and anorexia during the 
last four to five months. He denied hematemesis, melena, or rectal 
bleeding. On examination, the patient appeared to be a pale, 
malnourished old man. There was a vague epigastric fullness on 
abdominal examination. No lymph nodes were palpable and stool 
was hematest positive. An upper GI series revealed a large diffuse 
uleerating lesion of the body and antrum of the stomach. On 
gastroscopy, a large fungating uleer involving the body and 
antrum in a cireumferential fashion was seen. Biopsy specimens 
taken at this time showed a poorly differentiated carcinoma with 
lymphoid infiltrate. 

On exploratory laparotomy, a large gastrie mass was seen with 
transmural extension on the greater curvature. The liver appeared 
entirely normal. The spleen appeared to have some scarring and 
nodularity in it. An 80% gastrectomy was performed, but the 
margins of resection seemed to be involved with the tumor and a 
frozen section was obtained. Pathology showed this to be a 
histiocytie lymphoma. Consequently, a splenectomy was per- 
formed and a blind liver biopsy was taken. Microscopic examina- 
tion showed both the liver biopsy and the spleen to be positive for 
histiocytic lymphoma. A Billroth I anastomosis was performed. A 
subsequent bone marrow biopsy specimen was normal and liver 
funetion test results were normal. The patient is now receiving 
chemotherapy consisting of cyclophosphamide, prednisone, and 
vineristine sulfate. 


COMMENT 


The prevalence of gastric lymphoma compared to gastric 
carcinoma is increasing.’ It is important to be able to 
differentiate lymphoma from carcinoma because the prog- 


nosis and treatment is different. The overall five-year. 


- survival is 25% to 50% for gastric lymphoma and 10% to 30% 
for gastric carcinoma.** 

The usual presenting complaint of patients with gastric 
lymphoma is pain, often associated with weight loss. ^^" 
The epigastric pain is frequently very similar to that of 
peptic ulcer pain. A palpable epigastric mass has been 
reported to be present in 6% to 40% of these patients." 

Although the upper GI series is helpful in determining 
that a lesion is present in the stomach, it frequently is not 
able to differentiate between adenocarcinoma, benign 
peptie uleer disease, and lymphoma. The presence of 


hypertrophee rugae in gastric lymphoma may not be as 


frequent as previously thought." 

The cont-ibution of gastroscopy with biopsy specimen is 
variable. Frequently, as in our cases, gastroscopy simply 
substantiated the roentgenologic diagnosis of ulcer 
disease. The biopsy itself may miss the malignant 
neoplasm or may give the misleading pathologic reading of 
adenocarciaoma, especially in the case of hisziocytic 
lymphoma. The addition of cytology to the diagnostic 
criteria has had mixed results. In one of our cases, the 
cytology report was more suggestive of the real diagnosis 
than the aetual biopsy specimen itself. Some believe that 
the role of cytology is important and is highly accurate, 
whereas others disagree." This may be a result ef tech- 
nique and -he care with which cytology is interpreted. 

The actual operation that is performed will be deter- 
mined by tae pathological diagnosis of the lesion. In case of 
doubt, an ebdomen should not be closed without obtaining 
a good biopsy specimen and frozen section.*^ If the gastric 
lesion is la-ge or numerous large lymph nodes are present, 
a lymphoma might be suspected.’ The preferred treatment 
of gastric ymphoma is excision, regardless of the size of 
the lesion.*^* In cases of proved lymphoma, staging, as in 
Hodgkin's disease, may be carried out. In case 3, liver 
biopsy and splenectomy would not have been done without 
the frozen section results because the lesion itself appeared 
grossly like adenocarcinoma and the liver appeared normal. 
Appropria:e chemotherapy might have been withheld 
without this added information, thinking the lesicn to be 
limited to the stomach. In case 2, liver involvement 
may have been missed because no liver biopsy was per- 
formed. 

The pos*operative treatment with irradiation is open to 
some debaze. There is general agreement on irradiation for 
gastric lymphoma that is not resected or if lymph nodes are 
involved." After complete resection of a gastric ympho- 
ma, with negative lymph nodes and no evidence of any 
other spread of the lymphoma, the efficacy of irradiation is 
questionable. In cases where irradiation is indicated, 
chemotherapy may be added to the treatment regimen. 


Nonproprietary Name and Trademark of Drug 


Vincristine-sulfate—Oncovin. 
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Innominate Artery Disruption due to 


Blunt Trauma 


Donald J. Magilligan, Jr, MD, Julio C. Davila, MD 


è Two patients had innominate artery disruption due to blunt 
rauma. Compression forces between the sternum and vertebral 
column and sotational forces were the mechanisms of injury. 
Mediastinal widening led to the diagnosis in one patient who 
underwent successful repair with preservation of cerebral flow 
by an aertic to subclavian bypass graft prior to oversewing the 
innominate ar-ery. A normal mediastinal shadow led to a delay in 
diagnos:s in the second patient who underwent surgery after the 
appearance af focal neurologic signs. The use of a temporary 
indwelling aartic-carotid shunt during repair did not prevent 
residual hembaresis. 

(Arch Surg 114:307-309, 1979) 


raumati= rupture of the aorta occurs most often in the 

descending thcracic aorta and has been reported to 
occur ir the more proximal aorta in 10% of injuries to the 
aorta causec by blunt trauma.’ This report presents the 
treatment 5f two reeent cases of innominate artery disrup- 
tion due to blurt trauma with differing mechanisms of 
injury, clinical presentations, routine roentgenographic 
and angiographic findings. and operative management. 


REPORT OF CASES 


Case 1.—A 47-year-old man sustained an injury to the right 
chest wken he wasserushed against a wall by a large truck. In the 
emergercy room saortly thereafter, he complained of chest pain 
and shortness of breath. Physical examination revealed normal 
vital signs end equal pulses. There was a contusion of the right 
anterior portion of the chest wall and palpable fractures of the 
upper sternum and right second, third, and fourth costal carti- 
lages. Chest x-ray tlm showed a widened mediastinum (Fig 1) and 
arch aortography showed disruption of the innominate artery 
(Fig 2). 

Through é midline sternotomy and right cervical extension, the 
common caro-id and subclavian arteries were isolated and a 
hematoma surreurding the proximal innominate artery was left 
undisturbed “he pericardium was opened and a 12-mm Dacron 

graft was sutured to the ascending aorta and to the proximal 
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subclavian artery. Blood flow through the innominate artery to the 
right carotid artery continued during the performance of these 
anastomoses. The distal innominate artery was then clamped and 
a side clamp was placed on the aortic arch at the take off of the 
innominate artery. The hematoma was entered and both ends 
were oversewn. Carotid circulation was preserved by flow through 
the graft into the subclavian artery shown on the postoperative 
arteriogram (Fig 2). The patient was well and working nine 
months after surgery. 

Case 2.—A 31-year-old woman was the driver of a small foreign 
car that struck a tree at high speed. She was not wearing a seat 
belt and was ejected through the windshield. The patient was 
examined at ancther hospital and was transferred four hours after 
injury because of the suggestion of widened mediastinum on a 
chest x-ray film. The patient complained of mild dyspnea, and on 
physical examination blood pressure and heart rate were normal 
and there were contusions and lacerations of the face, neck, and 
right anterior chest wall and subeutaneous emphysema. The right 
radial and carotid pulses were "decreased." Chest x-ray film 
showed a small right pneumothorax, fracture of the right second 
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Fig 1.—Admission chest film in case 1 showing mediastinal 
widening indistinguishable from traumatic rupture of descending 
aorta. 
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Fig 3.—Admission chest x-ray film in case 2 showing distinct lack 
of mediastinal widening in innominate or aortic arch area. 


rib, and subeutaneous and mediastinal emphysema. There was a 
small right pleural effusion and no substantial mediastinal widen- 
ing (Fig 3). Because of the lack of mediastinal enlargement, 
arteriography was delayed until 13 hours after injury, and at this 
time the patient began to exhibit left facial and arm weakness. 
Arch aortography showed complete occlusion of the right innomi- 
nate artery with filling of the subclavian artery by retrograde 
flow in the vetebral (Fig 4). The common carotid artery was not 
seen. Surgery was undertaken immediately, and the carotid and 
subclavian arteries were isolated through a sternotomy and right 
cervical extension. The distal innominate artery was pulseless and 
there was a hematoma at its origin. A temporary heparin-coated 
shunt was inserted from the ascending aorta to the common 
carotid artery. The innominate artery was resected and replaced 
with a 12-mm Dacron graft. Pathology showed dissection of the 
media by hemorrhage and intraluminal thrombus occluding the 
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Fig 2.—Case 1. Left, Preoperative aorto- 
gram showing typical hematoma and 
lucent line caused by intimal tear. Right, 
Postoperative aortogram showing aortic- 
subclavian bypass filling carotid, vertebral, 
and subclavian arteries. 


vessel. The patient was hemiplegic on awakening from anesthesia 
and progressed satisfactorily with rehabilitation therapy. One 
year later the patient had slight improvement in motor function 
and a normel chest x-ray film. 


COMMENT 


Innominate artery disruption and acute traumatic 
disruption əf the descending thoracic aorta have the same 
pathologic sicture—intimal tear with a variable degree of 
thrombosis and hematoma contained by media or adven- 
titia. Ten »ercent to 20 percent may survive long enough 
to be seen at a hospital.'? The initial survivors will be at 
risk of rupture since the degree of fibroplasia in the 
adventitial wall is insufficient to prevent rupture for three 
months fallowing injury: Enlargement and delayed 
rupture car occur as can bacterial infection of a traumatic 
aneurysm.’ With innominate artery disruption, thrombosis 
with cerebral infarction constitutes an additional risk. 

The majcrity of innominate artery disruptions will occur 
in automobile aceidents.'-* Two mechanisms of injury have 
been postulated. First, the disruption may be due toa crush 
injury with entrapment of the innominate artery between 
the upper sternum and vertebral column.’ The second 
mechanism is a shearing force resulting from displacement 
of the hear- into the left side of the chest and hyperexten- 
sion of the cervical spine.’* The lap-shoulder seat belt has 
been implizated in the production of compression and 
torsion forces that result in innominate artery disruption." 
Case 1 exh?bited simple direct compression as the mecha- 
nism of injury, while in case 2 it can be assumed a torsional 
force was a faetor also since the patient was ejected from 
the car. 

Mediastinal widening seen on the plain chest x-ray film is 
usually the initial finding in innominate artery injury. The 
findings may be no different from aortic rupture at the 
isthmus, although there may be preservation of the outline of 
the descending aorta. The lack of mediastinal widening 
should not lead to a sense of security, since the chest x-ray 
film was initially normal for 28% of the patients with aortic 
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Fig 4.—A»rtog:ams.in case 2. Patient was 
seen initially with unequal pulses, and 
left-sided weekness gradualy evolved. 
There is tota: ocelusion of innominate 
artery on early film left). Later film (right) 
shows subclav.an fining by retrograde flow 
in veterbral ertry. 


rupture in one series." In ease 2 the normal mediastinal 
shadow ied tc a delay in diagnosis, but the magnitude of 
injury plus th» puse discrepancy should have led to earlier 
angiography and »erhaps prevention of hemiparesis. 

The progre:sior of innominate artery occlusion to hemi- 
paresis usuzlly dces not oceur in young patients without 
coexisting cerebrevascular disease." The circle of Willis 
will ordinarily afferd protection against extracranial occlu- 
sion of the ca7otic arteries." In addition, with innominate 
artery oeclusson, retrograde flow in the vertebral will 
supply antezrade flow into the ipsilateral carotid.'* This 
"subclavian steal-carotid recovery phenomenon” was seen 
on delayed fims (Fig 4), and has not previously been 
reported in innominate artery injury due to blunt trauma 
to our knowledge. However, in ease 2 these protective 
mechanisms were inable to provide sufficient blood flow to 
the right cere»ral hemisphere. 

Because of -he anpredictability of the effect of innomi- 
nate artery occlusson on cerebral circulation, most authors 





have recommended surgical repair with perfusion of the 
carotid artery on cardiopulmonary bypass® or with a 
temporary shunt.'® In case 2 a shunt was used; however, 
because of the evolving neurologic picture, the shunt was 
not effective in preventing hemiparesis. 

In case 1 neither carotid perfusion by bypass nor a shunt 
was used. However, carotid flow was preserved throughout 
surgery first through the damaged innominate artery 
while the aortic to subclavian bypass was constructed. Flow 
through the graft and then from subclavian to carotid 
provided permanent cerebral blood flow while the damaged 
innominate artery was clamped and oversewn. 

Such an approach has previously been described both for 
innominate artery disruption” and for occlusive disease of 
the arch vessels, and is a safe way to effect repair while 
maintaining carotid flow. In those cases where the patho- 
logic anatomy dictates clamping the innominate artery, 
the distal carotid back pressure may be a valuable guide to 
determine the need for a temporary shunt.'* 
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Gastrointestinal Complications in 


Renal Transplant Recipienzs 
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e Gastrointestinal (Gl) complications developed in 19 (7.296) 
of 265 patients after renal transplantation, and 3 (16%) patients 
died. Complications included colon perforations, colonic bleed- 
ing, small-bowel infarction, pancreatitis, subphrenic abscess, 
and upper GI tract bleeding. Ulcers located in the second portion 
of the duodenum developed in six patients; four of them required 
operation for massive hemorrhage, which occurred during or 
immediately after the administration of high-dose methylpredni- 
solone for rejection. However, the association of methylpredni- 
solone and colon perforation was not clear from this report. Early 
diagnosis and prompt operation for surgical-type GI complica- 
tions in transplant recipients contribute to a low mortality. 

(Arch Surg 114:310-312, 1979) 


astrointestinal (GI) complications after renal trans- 
(3 plantation have been associated with a relatively 
high mortality in patients who received immunosuppres- 
sive therapy." Probable factors associated with GI compli- 
cations are steroid hormones, other immunosuppressive 
agents, renal failure, and the existence of GI tract disease 
before organ transplantation. For example, uremia may be 
associated with abdominal pain, and GI ulceration may be 
associated with bleeding, pancreatitis, enterocolitis, and 
ileus.*** Although it is not clear whether adrenal cortico- 
steroid hormones lead to a higher rate of mucosal ulcera- 
tion, their role in the lowering of host defenses and in the 
impairing of healing is well understood. Once a major 
surgical condition of the abdomen occurs, such as a perfo- 
ration, the patient receiving immunosuppresive therapy 
cannot combat intraperitoneal sepsis as effectively as the 
patient with a normal immune system. The present study 
was done to evaluate our experience with surgical condi- 
tions involving the GI tract in the transplant recipient 
receiving immunosuppressive therapy, stressing factors in 
management that might lead to a lower mortality. 


SUBJECTS AND TREATMENTS 


Between April 1973 and February 1978, a total of 265 patients 
underwent renal transplantation at the University of Iowa College 
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of Medicine. The following surgical complications developed in 19 
(7.2%) of tae 265 patients: bleeding esophagitis, two patients; 
hemorrhage gastritis, one patient; duodenal ulcer, eight patients 
(two cases mvolving the proximal duodenum and six cases involv- 
ing the dis-al duodenum or second-to-third portion); small-bowel 
infarction, me patient; colon perforation, three patients (one case 
involving solenic flexure and two cases involving perforation of 
the sigmoic colon); colonic bleeding, two patients (one case involv- 
ing cecal uberation and one case undetermined); pancreatitis, one 
patient; an 1 subphrenic abscess, one patient. Seventeen of the 19 
patients reeeived cadaver kidneys and two patients received living 
related-doror kidneys. All patients were given azathioprine, 7 to 
10 mg/kg as a loading dose and 2 to 3 mg/kg as a daily 
maintenan-e dose. Prednisone was given daily in a dose of 1 to 1.5 
mg/kg until rejection occurred. Rejection episodes were treated 
with 15 mz/kg of intravenous (IV) methylprednisolone sodium 
succinate Gaily for a maximum of eight days. After the adminis- 
tration of aigh-dose IV methylprednisolone therapy, the patient 
continued $o receive the same dose of prednisone that he received 
before the rejection therapy was started. All recipients of renal 
transplants received antacids after the transplant procedure. 
Antacids were not increased during a rejection episode. 

Three weeks after the transplant procedure, patients had 
usually been treated for one rejection episode with higa-dose IV 
methylprednisolone and they were given 35 to 45 mg of prednisone 
each day ir four divided doses. Gradually, prednisone therapy was 
tapered tc 20 mg by six months. Second- and third-rejection 
episodes were treated in the same way if a substantial return of 
renal function occurred after treatment for the previous rejection 
episode. 

Survival rates of all cadaver transplants at our center were 61%, 
56%, and D% at one, two, and three years, respectively, whereas 
patient survival rates were 90%, 88%, and 83%, respectively." 
Transplan- survival rates in patients with living related-donor 
kidneys were 76%, 76%, and 74% at one, two, and three years, 
respective y, and patient survival rates were 93% at all three 
years." These actuarial survival rates included poor-risx patients 
as well as patients with second and third transplants. Poor-risk 
patients were recipients older than 50 years of age or patients 
with juverile-onset diabetes mellitus. 


RESULTS 
Colon Perforation 


Two of the patients had sigmoid perforations within the 
first morth after transplantation while they were being 
treated with high-dose methylprednisolone therapy for 
rejection episodes. Both of these patients had poor renal 
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function at the time of perforation. One was treated with a 
transverse colcstomy and suzuring of the perforation, and 
the other was treated with a sigmoid resection, descending 
colostomy, anc mueous fistula. In a third patient who had 
normal renal f 1nct:on, peritcnitis developed after excision 
of an ileal loep. Exploration revealed a splenic flexure 
perforation at the site of zn intraperitoneal abscess. A 
divided-limb transverse colostomy and drainage of the 
abscess were carried out. 

These three patients had extensive intraperitoneal irri- 
gations end underwent meciculous removal of fibrinous 
exudate. All o^ them were operated on immediately after 
the diagnosis was made and they recovered uneventfully. 


Colonic Bleeding 


Bloody diarrhea developed in two patients. One patient, 
who received a cadaver transolant 90 days earlier, required 
operation for massive colonic bleeding. This patient was 
recovering from a transplant nephrectomy after two rejec- 
tion episedes, the second of which failed to respond to 
high-dose IV nethylprednisolone therapy. At operation, 
the cecal wa.l appeared thickened and inflamed. A right 
hemicolectomy was performed and a very large cecal ulcer 
measuring approximately 7 x 8 em was found. Microscopic 
examination o^ the uker disclosed cytomegalovirus inclu- 
sion bodies in the uicer bed. After operation, the patient 
recovered uneventfully and returned to long-term hemodi- 
alysis therapy. In tae second patient, who had normal renal 
funetion, bloocy diarrhea developed one year after trans- 
plantation while the patient was receiving anticoagulant 
therapy for pu monary embolism. Bleeding ceased sponta- 
neously in this patient after correction of the prothrombin 
time. Subsequent barium enema examination and colonos- 
copy revealed 10 a»ncrmalit.es. 


internal Hernia With 
Small-Bowel Infarction 


In a 23-year-old woman who had received peritoneal 
dialysis, smalFbowel obstruction developed nine weeks 
after transplamtation. This episode occurred after several 
days of high-dose IV methylprednisolone therapy for 
rejection. Abd5miral roentgenograms disclosed multiple 
air-fluid levels anc a closed-loop small-bowel obstruction 
with infarct.o1 was noted at laparotomy. The patient 
recovered uneventfully after small-bowel resection, and 
she returned te long-term hemodialysis therapy. Within a 
few montas, she reeeived a second cadaver renal transplant 
and has normal renal function 1% years later. 


Pancreatitis 


Pancreatitis developed in a 40-year-old man one year 
after trarsplar tation. He had not been treated for rejec- 
tion since the first &wo weeks after transplantation, and he 
was receiving -5 mg cf prednisone per day. Results of an 
ultrasound exemination were normal and arteriography 
showed a distal pancreatic mass. Because of continued 
abdominal paim and a possible pancreatic pseudocyst, the 
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patient underwent exploratory laparotomy that disclosed 
edematous pancreatitis without a pseudocyst. Adhesions 
were lysed and the patient’s pain resolved. He continued to 
have normal renal function and is being maintained on a 
regimen of 12.5 mg of prednisone 2 years after operation. 
Occasionally, he has had left upper quadrant and epigastrie 
pain that has resolved on conservative management. 


Subphrenic Abscess 


Abdominal distention developed in a 58-year-old man 38 
days after transplantation. Diagnostic paracentesis 
showed purulent fluid, and at operation a ruptured sub- 
phrenic abscess with extensive generalized peritonitis was 
noted. Thorough irrigation of the abdomen and drainage of 
the left renal fossa were carried out. The origin of the 
subphrenic abscess was the left renal fossa. He had had a 
bilateral nephrectomy a few weeks earlier, but there had 
been no fever or flank tenderness at the time of transplan- 
tation. His condition deteriorated and he died of general- 
ized sepsis on the 33rd postoperative day. 


Upper GI Tract Hemorrhage 


Upper GI bleeding occurred in ten patients. After trans- 
plantation, bleeding duodenal ulcers developed in eight 
patients, five of whom required emergency operations. 
Four of the patients who were operated on had ulcers 
located in the second portion of the duodenum in the 
periampullary region. There was no history of antecedent 
peptic ulcer disease in nine of the ten patients before 
transplantation. The one patient with duodenal ulcer 
disease before transplantation refused an elective opera- 
tion and required a subtotal gastrectomy for pain and 
intermittent bleeding. Massive bleeding occurred either 
during or after high-dose methylprednisolone therapy for 
rejection in seven patients. Two critically ill patients with 
distal duodenal ulcers underwent duodenotomy and suture 
ligation of the bleeding ulcers. One of these patients died 
of aspiration pneumonia four days after operation and the 
other is symptom-free. A subtotal gastrectomy was 
performed in three patients, two of whom had distal 
duodenal ulcers. In two of these patients, marginal ulcers 
later developed that required higher resections with bilat- 
eral truncal vagotomies. The remaining patients, including 
two with distal duodenal ulcers and three with duodenal 
bulb uleers, responded to medical management. On the 
ninth day after transplantation, diffuse hemorrhagie 
gastritis developed in one patient who required transfu- 
sions. 

Esophagitis developed in the final two patients, with one 
patient bleeding massively from an esophageal ulcer. Both 
of them were transfused and have not required operations. 
In all patients, diagnoses were either made roentgeno- 
graphically or endoscopically. 


COMMENT 


Gastrointestinal complications of a surgical nature after 
renal transplantation are more common in this than in the 
general population, and because of the lowered immunity 
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in these patients, higher morbidity rates and higher 
mortality are expected. The incidence of GI complications 
after renal transplantation in this series was 7.2% (19/265), 
and the mortality was 1696 (3/19). In a reported series of GI 
complieations after renal transplantation, complication 


rates varied from 6% to 26.9%, and mortality varied from 


35% to 46%. However, when comparing mortality among 
different series, the incidence of a particular type of 
complication differs. Also, a major GI complication in a 
poor-risk patient is more likely to lead to mortality. 
Although 38 patients in our overall series were in the 
poor-risk category, only three poor-risk patients had surgi- 
cal GI complications, which undoubtedly resulted in a lower 
mortality. Furthermore, since more than half of our 
patients had upper GI bleeding that could be managed 
medically or surgically if necessary, a higher survival rate 
could be expected than if half of our patients with compli- 
cations had had peritonitis from a colon perforation. 
Nevertheless, it seemed rather obvious that prompt opera- 
tive intervention in both cases of massive bleeding and 
perforation led to a better survival than would be expected 
if operation had been delayed. Careful and frequent 
abdominal examinations of patients with fever and even 
mild abdominal complaints are important in making an 
early diagnosis of GI emergency. 

Spontaneous colon perforations have been attributed to 
steroid therapy,’ diverticulitis,'*'* ischemia,’ and operative 
trauma.’ It has been speculated that steroids and azathio- 
prine may cause lymphoid depletion in the colonic 
lymphoid patches, resulting in bacterial invasion and 
consequent perforation.‘ When colon perforations occur, 
early operative treatment with extensive debridement of 
infected fibrinous exudate and thorough irrigation is even 
more crucial in this group of patients who combat bacterial 
infections poorly. Immunosuppressive therapy should be 
discontinued except for continuation of a maintenance 
dose of prednisone. Discontinuation of immunosuppressive 
therapy is not usually necessary in patients without peri- 
tonitis since infection is not a major problem. 

A case of cecal ulceration with hemorrhage secondary to 
cytomegalovirus in an immunologically deficient patient 
was previously reported by Wolfe and Cherry. No other 
complications of cytomegalovirus disease were noted in the 
patient in our series except for the cecal ulcer. 

Patients with uremia have an increased secretion of acid 
as well as gastrin.“ The association of bleeding with 
rejection episodes and poor renal function in this series of 
patients was quite apparent. It is known that adrenal 
corticosteroid therapy is complicated by the appearance of 
peptie uleer disease in those patients who have received a 
total dose of over 1,000 mg of prednisone." Ten of our 
patients had high-dose methylprednisolone therapy with 
total doses far exceeding the equivalent of 1,000 mg of 
prednisone. 

Four patients had ulcers of the second portion of the 
duodenum diagnosed at duodenotomy to control hemor- 
rhage. Two other patients had distal duodenal uleers noted 
on upper GI series that healed after medical therapy. The 
following several factors were noted in all four patients 
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undergoing emergency operation for control of hemor- 
rhage: (1 Hemorrhage in all patients occurred two weeks 
to two months after transplantation, either immediately 
after or curing high-dose IV methylprednisolone therapy. 
(2) There was no history of ulcer disease before transplan- 
tation. (9 All patients had massive rectal bleeding with 
minimal »lood return from gastric lavage, which indicated 
the dista location of the ulcer. If a precise location of the 
bleeding cannot be determined preoperatively, duodenoto* 
my extending into the second portion of the duodenum 
must be performed. Obviously, great care must be taken 
with closure of the duodenotomy in these patients, most of 
whom hase been receiving high-dose methylprednisolone. 

The association of prednisone and methylprednisolone 
with duodenal ulceration in this series of patients seems 
clear. Although treatment of rejection episodes with high- 
dose cort-costeroid therapy is tantamount to a respectable 
graft sucess rate, these high doses should be discontinued 
when messive upper GI tract hemorrhage occurs. Even 
though tke association of colon perforations and corticoste- 
roids is Ess clear,^ high-dose therapy should be stopped 
because ef the sepsis that ensues. Although the signs of 
colon perforation in the patient receiving corticosteroid 
therapy may be subtle, early diagnosis and surgical treat- 
ment haze proved to be the most important factors in 
lowering patient mortality in this series. 


Nonproprietary Name and Trademark of Drug 


Azathioprne—/muran. 
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in moderate to severe pain Stadoi 


Bristol Laboratories is pleased to an- 
nounce a new, extensively studied, 
nonnarcotic, parenteral agent that 
comes closer to the ideal analgesic— 
combining a high degree of potency 
in the relief of moderate to severe 
pain, with a low potential for unde- 
sirable side effects. 


Important new option when 
potent parenteral analgesics 
are indicated 


E Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine’ and 
meperidine.” ?' 


E By either I.M. or I. V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


B Distinguished by its favorable side 

effects profile,'"'®*'*? °° *’—low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 
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Moderate to severe pain, all doses |. V. 
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mum Butorphanol tartrate 1.0 mg. 
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«mm Morphine sulfate 5.0 mg 
N= 116) 
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Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study "... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg.” (DelPizzo') 
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and vomiting, and low incidence of 
CNS effects other than sedation. 


E 2 mg. of Stadol producesan order 
of respiratory depression similar to 
that caused by 10 mg. of morphine. 
In contrast to morphine, increasing 
Stadol doses yield greater analgesic 
effect,’ without appreciablv increas- 
ing liability for respiratory depres- 
sion.'* 


Unsurpassed pain relief 
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Average mean pain relief scores 
In response to butorphanol tartrate 
and meperidine hydrochloride 


In moderate to severe pain, butorphanol 
tartrate provided relief ”... that was not 
statistically distinguishable frem that 


achieved with 80 mg/70 kg meperidine.” 
(Gilbert et al5) 


Please see last page for a brief summary of prescribing information. 
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B The low addictive potential of 
Stadol^* is underscored by its narcoti 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effec 
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Log dose (ug./ kg.) 
Log dose PACO. displacement curves 


In this graph based on alveolar carbon 
dioxide tension (PACO.) measurements, 
the flatter the curve, the less respiratory 
depression. "The flat dose-response curve 

.. of butorphanol may indicate that, 
because of its antagonistic properties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Nagashima et al'5) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 
piratory depression does not increase in a 
dose-related manner with Stadol, within 
the range of recommended doses. 





closer to the ideal parenteral analgesic 


Stadol 
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IV 
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another step closer to the ideal 





Butorphanol 
tartrate 
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The following table shows a side-by-side clinical comparison 
of Stadol with both morphine and meperidine. 


Clinical 
parameters Meperidine Morphine Stadol 


Indication | moderate to moderate to moderate to 
| severe pain severe pain severe pain 

Standard I.M. 75-100 mg. 8-10 mg. 2 mg. 

dose | (1 to 4 mg.) 





E Nery Standard I.V. 50-100 mg. 4—10 mg. E 1 mg. 
xis physical-dependence liability dose | | fm (0.5 to 2 mg.) 
a Usual route of I.M./L.V. 4. M./ILV. I.M./I.V. | 
i administration 


à Onset of pain 30 minutes 30 minutes less than 30 
relief I.M., very I.M., very minutes I.M., 


rapidly I.V. rapidly I.V. very rapidly I.V. 


Don't 
core 


like 
a lot 3 








Like 
moder- 2 
otely 


Peak analgesic within 1 hour within 1 hour within 1 hour 
activity I.M., within I.M., within I.M., within 
adi; 30 minutes I. V. | 20 minutes I.V. | 30 minutes I.V. 


ex Duration of pain slightly less 3—4 hours 
Butorphanol (48g. / day) relief I.M./I.V. than morphine 
0 » 10 15 20 25 30 
Inival doys.on-drug Addicting high low 


Preference sccres cempleted by subjects 





duda sbwlidbutorplidnel Tartrati Respiratory dose-related dose-related limited depres- 
administration compared with scores effects depression depression sion—no appre- 
from three other groups of subjects re- | ciable dose- 
ceiving 30, 129 and 240 mg. of merphine related increase 


daily. (Adapted from Jasiniki et al) | within the range 
| of recommended 
doses. 





Data for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 
3RISTOL LABORATORIES antagonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
Div. of Bristol-Myers Company ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
Syracuse, New York 13201 pp. 325—339; and from manufacturer recommendations. 





In moderate to severe pain... 
New, parenteral 





INDICATIONS AND USAGE— 
Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 

n shown to be hypersensitive to it. 
WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closely supervised. It is important to avoid in- 
creases in dose and frequency of injections 4 the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain. 

Head injury and increased intracranial pressure: Although there is no clinical ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in cases of 
head injury can produce effects (e.g., miosis) which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is deemed essential. 

Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe intec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 

Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the usual clinical dose, pos- 
sibly the result of decreased metabolism of the drug by the liver. 

Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 

Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 
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lished. 
ADVERSE REACTIONS —The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 695), clammy/sweating (76, 6%). 

Less frequent reactions are: headache (35, 396), vertigo (33, 395), floating feeling 
(2. i96). dizziness (23, 296), lethargy (19, 296), confusion (15, 196), lightheadedness 

, 1%). 

Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS effects: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
2 diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 

Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 

uids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION — Adults: Intramuscular— The usual recom- 
mended single dose is 2 mg. This may be repeated eyery three to four hours, as neces- 
sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to four hours as necessary. The effective dnog range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three to four hours. 
Children: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stadol (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-ml. vial; 1 mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose vial. 
NDC 0015-5644 —2 mg. per ml., 2-ml. vials 
NDC 0015-5645-—1 mg. per ml., 1-ml. vials 
NDC 0015-5646—2 mg. per ml., 1-ml. vials 
NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule. 
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BRISTO Div. of Bristol-Myers Company 
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Segmental Aortic Occlusion 


An Unusval Lesion Found in Menopausal Women 


Mark J. Costantine. MD; Robert B. Smith III, MD; Garland D. Perdue, MD 


€ A subgroup o patients with aortoiliac atherosclerosis are 
perimenopausal women in whom the lesions are confined to the 
midportion of the *erminal aorta. The lesions occur in relatively 
small, though not hypoplastic, vessels, and it is speculated that 
the relat velv smal! size of the terminal aorta functions as a long 
stenosis with reseltant pred:sposition to atheroma formation. 
Other e&ologic factors are rot identified except for smoking. 
Endarterectomy results in satisfactory restoration of distal arteri- 
al flow. Recurrence has not been observed but the question 
exists as to whether replacement of the small segment with a 
larger prosthesis may be more appropriate in view of the 
possible etiolecy cescribed. 

(Arch Surg 114:217-318, 1979) 


therosclerosis involving the terminal aorta usually is a 
diTuse process with many anatomical varieties that 
most commonly include the external iliac arteries on one or 
both sides. Lass frequently. the occlusive process is limited 
to the aorta anc common iliac arteries, with relatively 


normal dista vessels. * During 1966 to 1975, a total of 400 
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Fig 1.—Segmental aortic stenosis. 





patients at Emory University Hospital, Atlanta, had aortic 
surgery for revascularization of ischemic lower extremi- 
ties. More than 80% of them had aortofemoral bypass 
because of disease extending distally in the external iliac 
arteries; the rest of the patients had endarterectomy for 
disease confined to the aortoiliae segment. A subgroup of 
patients are described who had occlusive disease apparent- 
ly confined to the midportion of the terminal aorta. 


SUBJECTS AND METHODS 


Seven patients had isolated occlusion or stenosis of the midpor- 
tion of the infrarenal aorta, with apparently normal iliae and 
distal arteries. These cases represented less than 2% of the 400 
patients having operations and there seemed to be unique anatom- 
ical and patient characteristics. Typical arteriographic findings 
are shown in Fig 1 and 2. At operation, the distal extent of disease 
was somewhat greater than recognized from the arteriogram but 
in all instances it was confined to the aorta. The lesions were 
typical atheromas, both microscopically and on gross examination. 
The arteries containing these lesions were on the small side of the 
normal range (15 to 30 mm) but none appeared truly hypoplastic. 
All patients were women and the age range was 42 to 52 years. 
Most of them were thin, had not taken oral contraceptives, and 
were heavy smokers. There was a consistent pattern of occurrence 
of similar problems in family members. None of the patients were 
diabetic or hypertensive, and lipoprotein abnormalities were 


Fig 2.—Complete segmental aortic occlusion. Note collateraliza- 
tion. 
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Family 
History 


Case/Sex/ Type of 


M F Hyperlipidemia 


Diabetes 
2/F/52 
3/F/50 
4/F/40 
5/F/49 


6/F/52 + 
7/F/52 + 


Table 2.—Treatment and Results 


Present status 
Stable at 120 mo 


Outcome 
Normal pedal 
pulses 
Normal pedal 
pulses 
Normal pedal 
pulses 
Normal pedal 
pulses 
Normal pedal 
pulses 
Normal pedal 
pulses 
Normal pedal 
pulses 


Case/Operation 
1/Endarterectomy 
2/Endarterectomy Stable at 84 mo 
3/Endarterectomy Stable at 40 mo 
4/Excision and Graft Stable at 36 mo 
5/Endarterectomy Stable at 24 mo 
6/ Endarterectomy Stable at 20 mo 


7/Endarterectomy Stable at 12 mo 





inconsistent. Given in Table 1 is a summary of the patient 
population. Functional impairment that was due to claudication 
was more severe than expected from the moderate ischemia found 
on physical examination. Six patients were relieved of symptoms 
by endarterectomy and one patient by excision of the diseased 
vessel and replacement with a prosthesis. Follow-up has been 
complete and no recurrences or additional lesions have been noted 
during a period of 14 to 120 months. Given in Table 2 is a summary 
of the treatment and results. A typical case history follows. 


REPORT OF A CASE 


A 52-year-old woman had bilateral buttock and thigh claudica- 
tion of less than one year’s duration. Her claudication distance was 
described as approximately 30 yards but she did not have rest pain. 
She had smoked more than one pack of cigarettes daily for more 
than 20 years, but she was neither diabetic nor hypertensive. She 
had not taken oral contraceptives or other hormones and she 
denied having a major previous or concomitant illness. Peripheral 
pulses were quite diminished and tibial-brachial index was 0.6. 
Arteriography (Fig 1) showed a short segmental stenosis of the 
infrarenal aorta with normal distal vessels. The patient had 
segmental aortic endarterectomy with relief of symptoms and 
restoration of normal pulses. 


COMMENT 


In most patients, atherosclerosis is a diffuse process 
involving multiple segments of arteries supplying the 
lower extremities as well as arteries supplying other organ 
systems. When it involves the terminal aorta and its 
branches, the extent of disease usually includes the exter- 
nal iliae artery on one or both sides, but a small fraction of 
patients seen have lesions confined to the aortoiliac 
segment. Staple* points out that such patients tend to be 
younger, more often female, and have much slower 
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Table 1.—Patient Population 


Exoge- Aortic 
nous Diameter, mm 
Tobacco Hor- Body 
Usage mones Habitus 


Suprarenal infrarenal 


Average 
Ps Thin 


Conjugated 
estrogens 
(Premarin) 


Average 


progression of atherosclerotic lesions. Wylie et al* have 
contrastec such "type I" patients with the more frequently 
encountered "type II" patients who tend to be older, more 
often male, and more likely to have multiple and rapidly 
progressirg lesions. The patients described in this article 
seem to constitute a distinct subgroup of type I patients. 

The conditions of these patients were not recognized to 
have unusual causative factors. DeLaurentis et al' noted 
the association of aortoiliac hypoplasia with early develop- 
ment of occlusive disease. Our patients had relatively small 
vessels but not smaller than the size described zs being 
within the normal range. Van Vroonhoven? correlated 
aortoiliac atherosclerosis in premenopausal women with 
the use of oral contraceptives. The correlation was not 
noted in this group. Eastcott® suggested that this lesion 
may represent a form of arteritis, but none of our patients 
had any findings of systemic illness and none had evidence 
of collagen or other inflammatory disorders after the 
initial surgery. The lesions were typical atheromas, and no 
other abnormalities were found in the specimens that were 
completely excised. We have speculated whether sudden 
tapering of the aorta distal to large upper abdominal 
branches might cause sufficient kinetic energy loss and 
turbulence to predispose a patient to atheroma forma- 
tion. 

Endarterectomy seems to be suitable for this group of 
patients since progression of lesions or recurrence seems to 
be long delayed. The relatively small size of the aorta in 
some cases may make prosthetic replacement more advisa- 
ble. 
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Special Article UE ; 
The Role of Surgery on Ambulatory 1 


Patients in One Teaching Hospital 


Marshall K. Bartlett, MD; George E. Battit, MD; Agnes M. Rockett, RN; Elmer J. Perry; W. Gerald Austen, MD 


* The development of a program of one-day surgery for 
ambulatory patients in one hospital was stimulated by over- 
loaded operaing room facilities and a long waiting list of 
patients for hospital admission. This concept has received 
enthusiastic reception by the surgical staff and the number of 
operations has increased to over 7,500 per year. All of the 
surgical specialty services use the surgical day care unit, 
although the number of cases suitable for ambulatory surgical 
treatrrent varies greatly on the various services. There have been 
no deaths anc about 196 of patients have been admitted to the 
hospital from :he surgical day care unit for a variety of reasons 
that are summarized. 

(Arch Surg 114:319-320, 1979) 


ome yezrs ago, faced with overloaded operating room 
S facilities and a long list of patients awaiting hospital 
admission for elective surgery, we embarked on a study of 
the potent benefits offered by the rapidly developing 
concept of one-day surgery for ambulatory patients. We 
were encouraged by reports by Reed and Ford' and by 
Davis and Detmer* and this was reinforced by a visit to the 
Surgicente- in Phoenix, Ariz. The very considerable reduc- 
tion in cost te the patient was clearly another strong reason 
to pursue this course. 

A review cf all of the cases done in our operating rooms 
for two months was carried out and we estimated that 22% 
of them coulc have been handled on an ambulatory one-day 
admission. We were fortunate in that our three operating 
room suites Fad recently been consolidated into one and we 
had awailakle a unit zhat consisted of nine operating rooms, 
in whieh we had continued to do only a small volume of 
surgery on transient ambulatory patients under local 
anesthesia. 

This area was remodeled and modified to provide a 
reception area, a patient and family waiting room, dress- 
ing rooms. a holding area for patients on stretchers 
awaiting surgery, five operating rooms, two endoscopy 
rooms, à ten-bed reeovery room, and a postrecovery room 
for patients eoming from operating rooms and/or the 
recovery roam. A registered nurse staffs the room and 
liquics and | ght snacks are available. These patients are 
observed until they are well enough to dress and go home. 
Prescriptions, appointments, and postoperative instruc- 
tions are 2xplainec to the patient before leaving the 
postrecovery room. Patients who have received anesthesia 
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or intravenous medication cannot leave the unit unless 
accompanied by an adult escort and they must spend a 
minimum of one hour in the postrecovery lounge before 
discharge. 

Anesthetie coverage is provided and is used in about one 
half of the cases, including some regional blocks and 
intravenous regional anesthesia. The remaining one half of 
our cases are done with the patient under local anesthesia, 
administered by the surgeon, including some blocks and 
intravenous regional blocks. All patients who are to have 
general anesthesia must have a complete blood cell count 
and urinalysis before admission to the unit and any patient 
over 40 years of age must have an ECG and chest roentgen- 
ogram. 

Our expanded unit began to function about four and 
one-half years ago and general anesthesia became avail- 
able some six months later. We have been most gratified 
by the enthusiastic reception by the surgical staff and their 
patients, as evidenced by our case volume, which rose 
rapidly and steadily to its present level of something over 
7,500 patients per year. This figure represents just over 
30% of the total number of operations done in the hospi- 
tal. 

It has been possible and practical to do a wide variety of 
procedures in the surgical day care unit. The utilization 
varies among the surgical specialties, but all services find 
it useful to a greater or lesser extent. The distribution by 
service of cases done on a one day basis and the procedures 
frequently done by the various services is shown as 
follows: 


Plastic surgery: 21% of total. Operations on the ear, nose, eyelids, 
and face, revision of scars, and excision of various skin tumors, 
both benign and malignant, with skin grafting if indicated, are 
all common procedures. Many of the augmentation mammoplas- 
ties are also done on a one-day basis. 

Endoscopy: 19% of total. Esophagogastroduodenoscopy and colon- 
oscopy are the usual procedures. Polyp excision is done in 25% to 
30% of colonoscopies. 

General surgery: 14% of total. Breast biopsy, excision of tumors, 
benign and malignant, or cysts of the skin or subcutaneous 
tissue and lymph nodes are all common procedures. 

Orthopedic: 11% of total. Operations on the fingers and toes, 
excision of small tumors and cysts, removal of hardware and 
bone biopsies are all frequent. The use of arthroscopy has 
inereased rapidly and promises to continue to do so. Fractures 
that can be treated on an ambulatory basis are currently cared 
for in the emergency ward. 

Gynecology: 10% of total. Dilation and curettage (D&C), laparos- 
copy, tubal ligation, and therapeutic abortion are the commonest 
procedures. __ 
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Pediatric: 8% of total. Cystoscopie procedures, hernia repair, and 
various plastie operations on the genitalia are among the most 
frequent. 

Urology: 8% of total. Cystoscopy, retrograde pyelography, needle 
biopsy of the prostate, circumcision, excision of hydrocele, and 
vasectomy are all done frequently. 

Oral surgery: 7% of total. These procedures are usually multiple 
extractions, often four impacted third molars. 

Neurosurgery: 2% of total. Relief of carpal tunnel syndrome and 
muscle or nerve biopsies are the most frequent procedures. 


In our experience, only a very few patients have required 
admission to the hospital from the surgical day care unit. 
In the year ending Sept 30, 1977, with over 7,500 operations 
being done, almost exactly 1% of these patients required 
hospital admission. There were no deaths. Complications of 
the surgical procedure itself accounted for about one 
admission per 400 operations. The most significant of these 
were sigmoid perforation at biopsy in a child, requiring 
laparotomy and closure, questionable perforation of the 
uterus at D&C, and two patients with bleeding from the 
site of the endoscopie biopsies that later stopped sponta- 
neously. | 

Three patients were admitted to the hospital for obser- 
vation after laparoscopy, two for possible bleeding and the 
third because the proposed tubal ligation could not be 
accomplished because of adhesions in the pelvis. Another 
patient was admitted to the hospital when a ureteral stone 
eould not be recovered by stone basket. Three patients 
were admitted for persistent pain after operation. One had 
undergone an inguinal hernia repair under general anes- 
thesia, on. a breast biopsy, and one had sciatic-type pain 
after an intramuscular injection. In addition, there were 
several miscellaneous minor surgical complications. 

We have a standing agreement with the hospital that 
any patient who proves to have a biopsy specimen showing 
malignancy will be admitted the same day if desired and 
about one patient per 500 operations was admitted for this 
reason or for endoscopie findings warranting immediate 
hospitalization. At times, a planned overnight admission 
for observation was arranged for a patient in advance. This 
was most frequently for those undergoing extensive plas- 
tic surgery procedures and accounted for about one admis- 
sion per 500 operations. 

There were a number of anesthesia complications, none 
of major proportions, leading to admission of about one 
patient per 600 operations. One patient had transient 
cardiac irregularity, one had aspirated, one had persistent 
numbness after intravenous regional anesthesia, and one 
with a history of seizures had one after receiving diaze- 
pam. The other admissions were for persistent nausea and 
vomiting after anesthesia. 

Administrative problems, such as operations starting 


late or lasting longer than expected or lack of an escort to 


take the patient home, accounted for about one admission 
per 1,000 operations. 


COMMENT 


It is well established that appropriate surgical problems 
can be managed on an ambulatory one-day basis to the 
benefit of both patient and surgeon, without any impair- 
ment of quality of care.* Such care is more convenient for 
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the patient and involves less emotional stress, and the 
hospital cest is reduced by about 75% when compared with 
a two-day hospital admission at our current costs. It is 
more eonvenient for the surgeon from the standpoint of 
scheduling and time is saved by a more rapid turnover of 
eases. A Ess tangible but more important advantage to 
both patient and surgeon is the more relaxed and 9ersonal 
atmosphere than can exist in a smaller unit with generally 
healthy petients who come in the company of a re ative or 
friend. For the hospital, our surgical day care unit may be 
something of a mixed blessing. It has provided some 
decrease in the size of the waiting list for admission. On 
the other kand, since the hospital census has not dropped, it 
must be assumed that the beds that would have been 
occupied ky patients now being treated on a one-day basis 
are filled sy patients with more severe problems, whose 
care will iavolve additional expense. 

Our phrsical layout could be improved on in a new 
structure designed for the purpose. On the other hand, with 
the modifi-ations we were able to make, it has proved to be 
quite effeetive and has been well received by the over- 
whelming majority of patients. Our success in developing 
this day care unit has been the result of a cooverative 
effort of sargery, anesthesia, nursing, and administration 
and all credit must be shared accordingly. 

We have been careful to accept only relatively good-risk 
patients (American Society of Anaesthesiologists class I 
and selected class II patients). It is not appropriate to 
attempt te care for patients who have significant cardio- 
pulmonary impairment or other major medical problems in 
a unit sum as ours and any patient who has an adverse 
reaction te the anesthesia or the procedure is admitted to 
the hospital without question or hesitation. 

Our volcme of patients in the surgical day care anit has 
continued to grow up to the present time, but it must be 
recognizec that this will be limited at some point by. the 
relatively constant number of surgeons on otr staff. 
Development of new procedures that can suitably be done 
on a one-cay basis and the recognition that some opera- 
tions now done on an in-house basis can safely be 
performed on ambulatory patients will surely provide some 
further growth. It is hardly realistie, however, to expect 
that the rate of increase will continue at the same rate that 
it has in tae past four years. 

With th» particular conditions that have existed in this 
hospital in recent years, the development of a surgical day 
care unit kas provided a valuable means of improving our 
delivery o: medical care. 


References 


1. Reed WA, Ford JL: Outpatient clinic for surgery. Med World News 
12:58-61, 1971 

2. Davis J3, Detmer DE: The ambulatory surgical unit. Ann Surg 
175:856-862, B72. 

3. Armitage EN, Howat JM, Long FW: Day-surgery program for chil- 
dren incorporating anesthetie outpatient clinic. Lancet 2:21-23, 1975. 

4. Berrill TH: A year in the life of a surgical day unit. Br Med J 4:348-349, 
1972. 

5. Calnan L, Martin P: Development and practice of an autonomous minor 
surgical unit in a general hospital. Br Med J 4:92-96, 1971. 

6. Rhu HS. Rust JA: Economics of ambulatory surgical gynecology. Clin 
Obstet Gynecel 17:291-294, 1974. 

7. Salstein EC, Sullivan CB, Patterson EM: Ambulatory surgical unit. 
Arch Surg 1C8:143-146, 1974. 


Surgery in Ambulatory Patients—Bartlett et al 


GORE-TEX rein: 
vascular grafis, a 
60,000 implants: 











What we've 
learned. 








TUPTGSGS GU RH. EXUR.u*19 == —-is 
! J IZ PR. sit per K Eel 2 





| 322 











"VCI RMICHEMISUÜNRG SRE TR EAR 


Summary of Cli ber 25, 













nical Data, as of Septem 









Avg. Months Months 
Number Number % Weighted Maximum 
Operation type Implanted Patent Patency Experience Experience 

























Above-Knee 












Fem- pop 3.6 

Ilio-fem 153 145 9596 4.1 22 
Ilio-pop 58 54 9396 2.1 18 
Fem-fem 105 98 9396 2.3 20 
Pop-segmtl 14 11 7996 3 17 
Aorta-pop 2] 16 7696 2.4 14 
Aorta-fem 133 ' 128 9696 6.4 29 
Axil-fem 143 132 9296 I.7 ; 14 
Axil-bifem 31 31 . 10096 3.7 16 
Aorto-iliac 5 5 10096 2.0 6 
Fem-profunda 14 11 7996 1.9 15 
Axil-pop 19 17 8996 5.5 16 
Iliac-fem 2 ] 5096 3.5 7 
Iliac-pop 10 7 7096 6.0 24 
Others -4 2 50% «0.5 ] 
Group Totals 2452 2184 8996 3.6 34 
Below-k 

Fem-dist-pop 958 792 83% 3.2 

Fem-ant-tibial 183 129 70% 1.5 19 
Fem-post-tibial 292 197 67% 2.6 38 
Fem-peroneal dd 78 7096 1.7 22 
Aorta-ant-tib 2 ] 5096 0.0 0 
Ileo-post-tib 5 4 8096 1.2 6 
Ileo-pop 5 3 60% 3.0 5 
Fem-dorsalis ped 24 13 54% 3.0 12 
Aorto-dist pop 5 5 100% 4.8 7 
Iliac ant-tib | 4 100% 3:2 8 
Axil-dist-pop 2 2 1.0 

Iliac-dist-pop i 2 0.5 

Pop-post-tib 2 2 0.5 

Other 7 3 is 

Group Totals 1604 1235 8 






Cross-over Grafts 
Fem-fem 185 176 95% 6.2 30 
Fem-pop 9E: 33 8996 2.2 24 
Fem-profunda fem 3 3 100% 2.3 7 
Axil-fem 6 6 10096 3.0 16 
Fem-distal pop l l 100% 7.0 7 
Others 4 3 7596 «0.5 2 
Group Totals 236 222 9496 5.4 30 
omposite Gra | 
C-fem-distal-pop 9 9 10096 2.6 8 
C-fem-ant-tib 3 3 10096 6.0 7 
C-fem-post-tib 14 13 93% 3.6 7 
C-fem-peroneal 4 4 100% 2.5 5 
Group Totals 30 29 9796 3.4 8 
AV Fistulae 496 416 8496 22 
Forearm 504 478 95% 0.8 18 
Upper arm 370 352 95% 3.6 20 
Arm 49 39 80% 0.7 10 
Leg 101 98 97% 1.0 18 
Group Totals 1520 1383 91% 2.3 22. 
Pulmonary Grafts 
Aorta-pulm shunt 57 48 8496 3.4 27 
Pulm reconstrts 3 2 6796 0.0 C 
Subclav-pulm l l 100% 1.0 l 
Group Totals 61 51 8496 3.1 27 


Other Arterial Grafts 
Renal artery 
Axil-axil 
Carot-subclav 
Aorto-coronary 


Aorto-renal 


Others 
Patches 143 135 94% 5.0 
Totals, All Operations 6291 5469 87% 3.2 42, 


In 1977, we said: "It is time 
to consider GORE-TEX reinforced 
polytetraflucroethylene (PTFE) 
vascular grafts as a viablealterna- 
tive to saphenous vein autografts” 
Has experience borne out that 
claim? Let's -ake another look. 





If anecdates were data, 
we'd have no trouble proving 
this point. Most surgeons who 
have used our grafts are high in 
their praise. 

It is, in the majority opinion, 
the first suck graft to come close 
to the promises made for it. 

It is, according to observations 
and recent im vitro studies, 
relatively th-omboresistant: And, 
when a thrombus forms, it is easy 
to de-clot. 

It is, acecrding to theory but 
not yet confi-med by data, less 
likely to pr2sent embolism prob- 
lems later. (A thin, stable intima 
forms. Whetaer it's a neointima, 


pseudointimm, or true endothelium 


is open to ceoate— but the thin- 
ness is the key tc logic of 
the theory.] 

It is, ir. ws reinforced form, 
much more resistant than other 
versions of 2=panded PTFE to 
aneurysma! dilatation. It has high 
radial or bursting strength and 
high suture-aolding power. 

And it is easy to handle and 
use. Unlike woven or knitted 
grafts, it w:l not ravel or 
fray. And it does not require 
pre-clotting. 

But is it, as we stated earlier, 
a viable alte-native to the 
saphenous vein? 

Yes, if. 

Yes, if there 5 no vein 
available. 

Yes, if tae vein is "borderline" 
either in size or condition. 

Yes, if the patient's condition 
is such tha: a prolonged exposure 





to anaesthesia, or even to the delay 
in providing the vein, is critical. 

Yes, if there is the likelihood 
of cardiac surgery, for which the 
saphenous vein should be saved. 

Given those indications, the 
GORE-TEX graft is, indeed, a 
viable alternative to the saphenous 
vein. But unless those conditions 
exist, prudence and experience 
make the saphenous vein the graft 
of choice. 





Arteriogram of a GORE-TEX polytetra- 
fluoroethylene graft during flexion of the knee. 


The proof. 


As of September 25, 1978, 
there were approximately 
60,000 GORE-TEX vascular graft 
implants, with over 6,000 follow 
ups. The overall patency rate 
was 87%. 

Those data, sliced into what 
we hope are useful pieces, are 
presented in Table at left. 

A close look at the data will 
reveal one problem: average 
follow-up times. 

They're too short. 

The problem is two-fold. 

First, we are, of course, 
dependent on the voluntary coop- 
eration of surgeons for our follow- 
up data. And we know that if you 
were to provide all the data that 





all manufacturers wanted, you 
would have to spend all of your 
hours filling out follow-up forms. 
And, of course, even if you had the 
time, you can't keep up with all 
patients over a period of years. 
The second part of the 
problem is statistical. The use of 
GORE-TEX grafts is increasing so 
rapidly that we will, for a long 
time to come, have a far greater 
number of recent implants than 
of old ones. (For every GORE-TEX 
graft implant used three years ago, 
there are almost 100 used today. 
Our current reported rate-of-use is 
approximately 5,000 per month.) 
This necessarily skews our 
data average toward the more 
recent history. Which is also true 
for a life table method of data 
presentation. Even though the 
maximum experience reported in 
each category is in the two-to-three 
year range, the weighted averages 
are more like two-to-three months. 


More data. 
More problems. 
Some suggestions. 


On the last page of this 
advertisement, you'll find a bibli- 
ography of published experimen- 
tal and clinical reports on the use 
of GORE-TEX vascular grafts, and 
a coupon for your convenient use. 

One problem is that we know 
the list is not current. Additional 
papers are always being delivered, 
and published. If you would like 
us to keep you up-to-date as new 
reports appear, check the appro- 
priate box on the coupon. 

A more basic problem with 
these data, and ours, and all 
vascular statistics is the lack of 
uniformity in reporting. We're 
supporting efforts to establish 
some profession-wide protocols 
begun with a symposium at the 
1978 meeting of the American 
College of Surgeons. If you have 
any suggestions at all, we'd appre- 
ciate them. Just write to us. 
























GORE-TEX vascular 
grafts are made of expanded, low- 
density polytetrafluoroethylene 
(PTFE), reinforced by a strong, 
fine lattice of the same material 
wound about the exterior. 

GORE-TEX vascular grafts 
are easy to handle, with excellent 
resistance to kinking. And they 
exhibit high suture-holding 
power. They are, of course, fully 
biocompatible and, unlike 
knitted or woven prostheses, do 
not require pre-clotting. 

GORE-TEX vascular grafts 
for vascular surgery are available 
in a wide range of diameters. 

See next page for free 
GORE-TEX graft test-pack and 
complete bibliography, available 
as reprints. 


Free test-pack, 
reprints. 
Submit the handling and 
suture-holding characteristics 


of GORE-TEX grafts to the most 


meaningful test equipment: your 
own hands. Our test kit, not 
intended for actual surgery, 
includes a short length of a 
GORE-TEX graft and a 6-0 
double-armed suture. Try it for 
yourself. Also, take your choice of 
reprints of any of the experi- 
mental, clinical, and engineering 
reports listed. 


Current bibliography. 

1. Nonvein Bypass in Below-Knee Reoperation 
for Lower Limb Ischemia Steven J. Burnham, 
M.D., D. Preston Flanigan, M.D., James J. 
Goodreau, M.D., James S. T. Yao, M.D., Ph.D., 
and John J. Bergan, M.D., Chicago, Ill. Surgery, 
Sept., 1978 

2. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial study of Histology and 
Fibrinolytic activity R. Shack, M.D., W. Neblett, 
M.D., R. Richie, M.D., R. Dean, M.D. 

The American Surgeon Dec. 1977 

3. A Prosthesis For Blood Access In Patients with 
Thrombosis of Peripheral Vasculature 

T. Buselmeir, M.D., J. Rynasiewicz, M.D., 

D. Sutherland, M.D., R. Howard, M.D., T. Davin, 
M.D., S. Mauer, M.D., R. Simmons, M.D., 

J. Najarian, M.D., C. Kjellstrand, M.D. Dialysis 
and Transplantation August 1977 

4. A Synthetic Vascular Conduit (Expanded PTFE) 
For Hemodialysis Access — A Preliminary Report 
B. Pasternak, M.D., S. Paruk, M.D., S. Kogan, 
M.D., S. Levitt, M.D. Vascular Surgery 
Mar/April 1977 


5. Polytetrafluoroethylene Grafts for 
Arteriovenous Fistulae A. Mohaideen, M.D., 
M. Avram, M.D.; R. Mainzer, M.D. N.Y. State 
Journal of Medicine Dec., 1976 

6. Arterial Prosthesis of Microporous Expanded 
Polytetrafluoroethylene for Construction of 
Aorta-Pulmonary Shunts A. Gazzaniga, M.D., 
J. Lamberti, M.D., R. Siewers, M.D., D Sperling, 
M.D., W. Dietrick, M.D., R. Arcilla, M.D., 

R. Replogle, M.D. Journal of Thoracic and 
Cardiovascular Surgery Sept., 1976 


7. The Use of Expanded Microporous Pelytetra- 
fluoroethylene for Limb Salvage: A Preliminary 
Report C. Campbell, M.D., D. Brooks, M.D., 

M. Webster, M.D., H. Bahnson, M.D. Surgery 
May, 1976 

8. Small-Vessel Replacement with GORE-TEX 
(Expanded Polytetrafluoroethylene) A. florian, 
M.D., L. Cohn, M.D., G. Dammin, M.D., 

J. Collins, M.D. Archives of Surgery March, 1976 


9. A Small Arterial Substitute: Expanded 
Microporous Polytetrafluoroethylene: Patency 
Versus Porosity C. Campbell, M.D., D. Goldfarb, 
M.D., R. Roe, M.D. Annals of Surgery 

August, 1975 

10. Segmental Venous Replacement D. Smith, Lt. 
Cmdr. (MC) USN, J. Hammon, M.D., J. Anane- 
Sefah, M.D., R. Richardson, M.D., C. Trimble, 
M.D. Journal of Thoracic and Cardiovascular 
Surgery April, 1975 

11. Replacement of Portal Vein During 
Pancreatectomy for Carcinoma L. Norten, M.D., 
B. Eiseman, M.D. Surgery February, 1975 


12. Use of GORE-TEX Grafts for Replacement 

of the Superior and Inferior Venae Cavae 

Y. Fujiwara, M.D., J. Cohn, M.D., D. Acams, 
M.D., J. Collins, M.D. Journal of Thoracic and 
Cardiovascular Surgery May, 1974 

13. A New Vascular Prosthesis for Small Caliber 
Artery H. Matsumoto, M.D., T. Hasegawa, M.D., 
K. Fuse, M.D., M. Yamamoto, M.D., M. Saigusa, 
M.D. Surgery October, 1973 


14. A New Venous Prosthesis T. Soyer, M.D., 
M. Lempinen, M.D., P. Cooper, L. Norton, M.D., 
B. Eiseman, M.D. Surgery December, 1972 


15. Summary of Clinical Evaluation Data, 
May, 1977 W. L. Gore & Associates, Inc. 


16. Long-Term Dilatation Characteristics of 
GORE-TEX Vascular Grafts: Design Criteria 
W. L. Gore & Associates, Inc. 


Indications 
and 
Contraindications. 


To sterilize: 
Grafts may be sterilized using steam, gas 
or flash autoclave techniques. Remove the 
graft from the PVC blister tray and 
repackage for sterilization. Do nct place 
the package label in contact with the graft 
during sterilization. Do not place objects 
on the repackaged graft during steriliza- 
tion. (See Contraindication #5, 6) 

sing steam, autoclave at or above these 
minimum requirements: 250? Fahrenheit 
(121° Centigrade) for 20 minutes at 15 p.s.i. 
Grafts should never be exposed to 
temperatures greater than 482? Fahrenheit 
(250" Centigrade). 

Using a flash cycle, sterilize at or above 
these standard minimum requirements: 
270? Fahrenheit (132? Centigrade) for 
3 minutes at 30 p.s.i. Grafts should never 
be exposed to temperatures greater than 
482° Fahrenheit (250? Centigrade). 

Using gas, sterilize according to 
equipment instructions. 


Indications: 

1. Use a 5-0 or 6-0 nonabsorbable suture 
with a cardiovascular needle for best 
results on graft diameters of 6mm or less. 
Larger sutures may be used with larger 
diameter grafts. 

2. Intra-operative inspection of 
anastomoses using irrigant solutions may 
result in serum leakage when blood flow 
is established in the graft. To prevent 
this, care must be taken not to generate 
syringe pressures sufficient to force 
il pm through the graft walls. Tc do so 
will alter the hydrophobic (non-wetting) 
properties of GORE-TEX. (See Contra- 
indication #11) 

3. Trim grafts to desired length using 
sharp surgical instruments. Grafts should 
be handled with clean forceps or gloves. 
GORE-TEX grafts are not "elastic! There- 
fore, proper matching of lengths is 
essential. If the graft is cut too short, 
excessive stress may be placed on the 
sutures and the graft at the anastomosis. 
(See Contraindication #10) 

4. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are necessary, 
that needle puncture sites are spaced apart 
along the accessible sub-cutaneous length 
of the graft. Repeated needle puncture of 
the graft at the same site, or within the 
same immediate area, may cause me- 
chanical damage to the graft which could 
lead to hematoma, false aneurysm or true 
aneurysm. Patients should be carefully 
monitored to assure that this instruction 
is followed. 

Contraindications: 

1. Do not pre-clot the graft. 

2. Do not sterilize by irradiation 
techniques. 

3. Grafts should never be exposed to 
temperatures exceeding 482 
Fahrenheit (250? Centigrade). 

4. Do not sterilize more than three times. 

5. During sterilization, do not place 
grafts under SEN Y ot sharp objects 
which might crush the grafts. 

6. Do not attempt to sterilize the label 
attached to the PVC blister tray at 
high temperatures, as the materials 
(inks and adhesives) on the label may 
contaminate any objects in contact 
with the label during the sterilization 


cycle. 

7. Do not handle graft with ungloved 
hands. It should be handled only with 
clean instruments. 

8. Do not attempt to resterilize any 
unused graft portion which has been 
contaminated with blood or any other 
foreign material. 

9. Do not use absorbable sutures. 

10. Do not cut graft while holding under 
tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX 
graft is a composite structure consist- 
ing of an inner base tube and a thin 
outer layer which reinforces the base 
tube to prevent aneurysmal dilatation. 
Do not use any portion of a GORE-TEX 
graft which has damage to or separa- 
tion of the outer layer of the graft. 

Should the outer reinforcing layer 
become frayed at the end of the graft, 
do not pull on or peel the outer layer 
from the base tube. Carefully trim off 
the portion of the graft where the outer 
layer is frayed. 

11. Do not force irrigating solutions 
through the graft wall. Doing so may 
result in serum leakage after blood 
flow is established. 

12. Do not place grafts in any fluid prior 
to use. Doing so may result in serum 
leakage after blood flow is established. 

13. Do not puncture the graft repeatedly 
at the same site, or within the same 
immediate area. (See Indication #4) 





T © 
L4 W. L. Gore & Associates, Inc. 
P.O. Box 1220 
Route 213 North 


Elkton, MD 21921 


Gentlemen: 
r p Please send me your GORE-TEX vascular graft test kit. 
[] Please send me the reprints and reports whose numbers 
I have circled. 
l. 3 5. 75 9. 11. 13. 15. 
& 2 4. 6. 8. 10. 12. 14. 16. 


[] Please send me additional reprints as they are published. 
C] Please have your representative call for an appointment. 


Enclosed are my suggestions for standardization of vascular 
statistics. 












Name 


Address 








City State Zip 





Hospital Affiliation 





Surgical Specialty 


Profusely Illustrated Surgery Texts from PSG 





Atlas of Wrist and Hand Fractures A clinical guidebook for the treatment of common bone fractures 


By Sigurd C. Sandzéx, Jr, MD s 
Chief, Hanc Surgery, Shriners Hospital for C rippled Children, Philadelphia Unit, and € hief, Hand Surgery, Department of Orthopedics, Abington (Penn.) Memorial } fospital 


Emphasizes *valuatio of injuries for accurate diagnosis and proper management, pathophysiology of the trauma, techniques of fracture and joint reduction under appropriate anesthesia, 
errors to be awoided and management of complications, effective physiologic immobilization, and early mobilization and rehabilitation, Contents: Anatomy. General principles of 
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Experimental Surgery 


Alteration of Oxygen Tension and 


Oxyhemoglobin Saturation 


A Hazard of Sodium Bicarbonate Administration 


Michal E. Douglas, MD; John B. Downs, MD; Emil L. Mantini, MD; Bruce C. Ruiz 


e The administration of sodium bicarbonate solution, which 
has been advocated for the treatment of metabolic acidosis, may 
have detrimental side effects. We evaluated oxyhemoglobin 
saturation and oxygen tensions in eight anesthetized swine 
before and after freshwater near-drowning and after a rapid 
intravenous infusion of 7.5% sodium bicarbonate solution (8 
mEq/kg). 

After freshwater aspiration, arterial and venous oxygen 
tensions and oxyhemoglobin saturation decreased. Administra- 
tion of sodium bicarbonate resulted in decreased venous and 
increased arterial, oxygen tensions. Arterial, but not venous, 
oxyhemoglobin saturation increased. These findings suggest 
that sodium bicarbonate caused a distinct leftward shift in the 
oxyhemoglobin dissociation curve, which could impair tissue 
oxygenation. Therefore, to avoid detrimental effects, sodium 
bicarbonate should be administered slowly and in a dose suffi- 
cient just to correct metabolic acidosis. 

(Arch Surg 114:326-329, 1979) 


E metabolic acidosis accompanies many pathophy- 
| siologie conditions and may compromise cardiopul- 
monary function,'* correction by administration of sodium 
bicarbonate solution has been recommended.** However, 
recent evidence suggests that such therapy may have 
undesirable side effects."'" Serum osmolality may increase 
greatly after infusion of sodium bicarbonate," thereby 
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promoting cellular dehydration and a paradoxical decrease 
in intracellu ar pH." The administration of sodium bicar- 
bonate will increase carbon dioxide production'*'* and, 
therefore, may increase arterial carbon dioxide tension 
(Paco,). Because carbon dioxide can diffuse more rapidly 
than bicarbanate ion across cell membranes, acute intracel- 
lular acidosis may be promoted. Without the interstitial 
space to act as a buffer against rapid vascular changes in 
osmolar, car»on dioxide, or bicarbonate ion concentrations, 
acute changes in intracellular pH are probably greater 
within the RBCs. Potentially, such changes could alter the 
oxyhemoglobin dissociation curve, which could in turn 
decrease the blood oxygen tension and impair cellular 
oxygen delivery to areas with high oxygen use. Therefore, 
we wished tc quantify in hypoxemic and acidotic swine the 
magnitude cf change induced by sodium bicarbonate in 
oxygen tension and in the hemoglobin binding of oxy- 
gen. 


MATERIALS AND METHODS 


Eight healthy swine, with a body weight of 21.6 +11 kg 
(mean + SEM) were anesthetized with intravenous a chloralose 
(1%). All swine were intubated orotracheally and were allowed to 
breathe room air spontaneously. A femoral arterial catheter and a 
thermistortipped, flow-directed pulmonary artery catheter were 
inserted to obtain samples of blood and to measure cardiac cutput. 
An in vivo oxygen electrode was inserted into the right atrium 
through the right internal jugular vein and was calibratec after 
determination of oxygen tension (temperature corrected) of blood 
samples drawr from the right atrium. A femoral vein catheter was 
placed to allov administration of fluids and drugs. Body temper- 
ature was mezsured with the pulmonary artery thermistor. 

Arterial anc venous blood gas tensions, pH, and oxyhemoglobin 
saturation were measured with standard electrode and co-oxime- 
ter techniques Oxyhemoglobin saturation also was calculated with 
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| Individual res»onse of venous oxygen tension (Pvo.) measured by 
the in vivo cxygen electrode after sodium bicarbonate administra- 
tion. 


a nomogram.* Cardiac output was calculated with a computer 
using the tnermodilu-ion technique. Control measurements and 
calculations were obtained while the animals breathed sponta- 
neously. All animals then aspirated 11 ml/kg of fresh water 
through the =ndotracheal tube in the following manner.’ Just 
prior tc aspi-ation, the endetracheal tube was connected by a 
Y-adapter to a water reservoir and a breathing bypass. The bypass 
was occluded and the water reservoir opened when aspiration 
began. As scom as the water emptied from the reservoir, the 
animals were again allowed to breath spontaneously. Mechanica’ 
ventilation was instituted within five minutes with a tidal volume 
of 12 m /kg az a rate sufficient to maintain Paco, between 35 and 
45 torr. Ten rrinutes later, all measurements and calculations were 
‘repeated. We then acministered four separate infusions of 7.5% 
sodium »icarbonate solution, each consisting of 2 mEq/kg, through 
the femoral v2in catheter. Each infusion was accomplished over a 
period cf 1€ &conds end approximately one minute was required 
to complete tke four infusions. All measurements and calculations 
were repea.el tw» minutes after the last infusion. The in vivo 
oxygen electrode measured venous oxygen tension continuously 
between each infusion of sodium bicarbonate. 
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Effects of Near-drowning and Sodium Bicarbonate on Arterial and Venous PO,, PCO., 
pH, Hemoglobin Saturation, and Cardiac Output (Mean + SD) 
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Bicarbonate Administration 


38.6 + 4.5*T 
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7.75 + 0.04*7 























38.2 + 2.2* 
24.8 + 1.7* 
7.25 + 0.02* 
33.4 + 3.4* 
34.3 + 3.3* 
2.10 + 0.30* 


65.3 + 3.3*11 
13.0 + 2.1*1 
7.65 + 0.10*t 
26.2 + 2.8* 












Results, expressed as the mean + 1 SEM, were compared for 
statistically significant differences using Student's t test. 


RESULTS 


After freshwater aspiration, cardiac output was de- 
pressed in all animals, as was pH, oxyhemoglobin satura- 
tion, and oxygen tension in both arterial and venous blood 
(Table). All swine maintained spontaneous ventilatory 
activity but were unable to maintain adequate minute 


. ventilation. We were able to maintain sufficient alveolar 


minute ventilation to maintain Paco, in the normal range 
with mechanical ventilation. 

After each dose of sodium bicarbonate, venous oxygen 
tension decreased considerably (Figure). In contrast, arter- 
ial oxygen tension (Pao,) increased, as did arterial pH, 
venous pH, and arterial oxyhemoglobin saturation (Table). 
Calculated and measured arterial and venous oxyhemoglo- 
bin saturations were equal before and after near-drown- 


ing. However, after administration of sodium bicarbonate, 


measured arterial oxyhemoglobin saturation was less than 
the caleulated value, whereas measured and caleulated 
venous oxyhemoglobin saturation values were not differ- 
ent. Although constant mechanical ventilation was main- 
tained after near-drowning, Paco, increased substantially 
when sodium bicarbonate was administered. In every 
swine, ventricular fibrillation occurred after administra- 
tion of the last dose of sodium bicarbonate solution and 
resulted in death. | 


COMMENT 


Cardiopulmonary dysfunction, manifested by low car- 
diac output or arterial hypoxemia, or both, often is accom- 
panied by metabolie acidosis. A vicious cycle may be 
initiated if acidosis causes further depression of cardiopul- 
monary function,"* thereby decreasing oxygen delivery 
and promoting tissue hypoxia. Although a controversy 
exists concerning the importance of acidosis in depressing 
cardiovascular function,- administration of sodium 
bicarbonate has been recommended to restore normal 
blood pH, with the hope that cardiopulmonary function will 
improve.** However, increasing blood pH with hypertonie 
alkalizing solutions may be harmful. Detrimental side 
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effects, such as increased serum osmolality," increased 
carbon dioxide tension,''*'^ intracellular acidosis,'^" 
myocardial depression,” CSF acidosis,'* and CNS depres- 
sion,"-'* have occurred after rapid intravenous infusion of 
sodium bicarbonate. 

We found that freshwater aspiration reliably decreased 
cardiac output and Pao, in all animals. Each swine devel- 
oped metabolic and respiratory acidosis and was unable to 
maintain adequate spontaneous ventilation to keep Paco, 
normal. We provided mechanical ventilatory support suffi- 
cient to normalize Paco.. Then, we deliberately overcor- 
rected the acidosis by administering a large dose of sodium 
biearbonate to mimic overzealous resuscitative efforts, 
which sometimes occur clinically" when sodium bicarbon- 
ate injections are given empirically rather than slowly 
titrated just to correct pH. Such an overcorrection of pH 
might occur even if one followed the recommendation of 
the American Heart Association that 1 mEq/kg of sodium 
biearbonate be given initially with repeated dosages to 
follow.” 

The increase in Paco, after infusion of sodium bicarbon- 
ate probably results from the chemical conversion of 


` bicarbonate ion to carbonic acid and the subsequent disso- 


ciation to carbon dioxide and water. Since alveolar minute 
ventilation was constant and carbon dioxide production 
increased, a great increase in Paco, is not surprising. 

This increase in Paco, after sodium bicarbonate infusion 
increases intracellular acidosis'"^* and may be detrimental 
to cellular function. For example, carbon dioxide will 
diffuse rapidly from the intravascular space through the 
interstitial space and into the myocardial cell, creating 
carbonic acid from which bicarbonate ion and hydrogen ion 
will form. When the bicarbonate ion is exchanged with 
chloride ion, intracellular acidosis may result, which may in 
turn depress cellular function. In the RBC, however, this 
may not occur, as there is no interstitial space in which to 
exchange bicarbonate ion. Since the plasma bicarbonate 
ion concentration is elevated after intravenous administra- 
tion of sodium bicarbonate, intracellularly formed bicar- 
bonate ion will remain within the cell. However, the 
increased carbon dioxide tension will decrease the hemo- 
globin affinity for oxygen, and if this increase is of 
sufficient magnitude, such a change could decrease oxygen 
uptake in the pulmonary capillaries. 

Serum osmolality probably was increased in our animals, 


. Since a 7.5% solution of bicarbonate has 1,500 mOsm/L, and 


we rapidly administered an average dose of 300 mOsm. A 
change in osmolality also may alter oxyhemoglobin binding 
and affect oxygen uptake by hemoglobin in the lung." 
After rapid intravenous administration of a hyperosmolar 
solution with a nonpermeable ion, such as sodium bicarbon- 
ate, intracellular water will be drawn from within the 
RBCs into the intravascular space. Hemoglobin, like most 
proteins, behaves as an acid, the strength of proton 


. donation being related to the surrounding molecular envi- 


ronment. À protein in a solution having an increased ionic 
concentration will have an increased tendency to donate 
protons because of ionic attractive forces. After a loss of 
water from the RBC, intracellular ionie strength will 
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increase, making hemoglobin a stronger acid. By addition- 
al proton conation, intracellular acidosis will be enhanced, 
which will decrease oxygen binding by hemoglobin, despite 
a relatively alkalotie blood pH. If hemoglobin affinity for 
oxygen were decreased as blood traversed the pulmonary 
capillary bad in our swine, by the promotion of intracellular 
acidosis aad elevation of carbon dioxide tension, such 
changes may have been reflected in measured arterial 
oxygen temsion and content. In other words, oxyhemoglo- 
bin satura-ion would be decreased more than expeeted for 
a given oxygen tension. 

Measured blood oxygen tension reflects the amount of 
dissolved cxygen and, therefore, would not be affected by 
the intracellular acidosis. However, oxygen tersion is 
determined by the affinity of hemoglobin for oxygen. 
Therefore, an increased affinity would result in a lower 
oxygen tension, whereas a decrease in affinity will 
increase tae tension for any given oxygen content. If 
oxyhemogbbin is calculated from a nomogram based on 
oxygen tersions and plasma pH, after the administration 
of sodium bicarbonate, calculated oxyhemoglobin satura- 
tion could be erroneous because the extracellular pH would 
be much hizher than the intracellular pH. This wouid cause 
the caleuleted oxyhemoglobin saturation to be overesti- 
mated greatly. 

To know the true hemoglobin saturation, it must be 
measured directly. We found measured arterial hemoglo- 
bin satura-ion to be less than that predicted, sugzesting 
that intracellular acidosis occurred and that the hemoglo- 
bin affinity for oxygen was less than the degree predicted 
or calculated, thereby promoting an increase in Pao.. 

As arterial blood flows into the peripheral circ.ilation, 
the altered oxygen affinity of hemoglobin in the RBC may 
again be affected as a result of the increased plasma 
bicarbonat2 concentration and its intracellular diffusion. 
Normally, n the tissue capillaries, metabolically produced 
hydrogen pn is converted to carbon dioxide and water by 
reaction with bicarbonate ion. This carbon dioxide, plus 
metabolica ly produced carbon dioxide, will diffuse into the 
RBC and react with water to form carbonic acid. This will 
dissociate and form hydrogen ions and bicarbonate ions, 
which will then diffuse out of the RBC in exchange for 
chloride iom. The increased intracellular hydrogen ion will 
promote a rightward shift of the oxyhemoglobin dissocia- 
tion eurve causing an increase in oxygen tension and 
promoting oxygen transfer towards the cell. Administra- 
tion of sodium bicarbonate may alter these physiologic 
events. Bicarbonate ion concentration in plasma will 
increase; taerefore, intracellular bicarbonate ion may be 
retained, creating a relative intracellular alkalosis. 
Preventing the usual intracellular acidosis could result in a 
leftward shift of the oxyhemoglobin dissociation curve, a 
lower oxygen tension, and inadequate oxygen delivery for 
cellular metabolic requirements of tissues with high oxy- 
gen use ra-es, such as the myocardium. 

We fourd venous oxygen tension to decreas2 after 
sodium bicarbonate administration without a change in 
hemoglobin saturation, suggesting that a rightward shift 
in the oxyFemoglobin dissociation curve was prevented by 
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sodium bicarbonate at the tissue level. This accounts for 


the observec decrease in venous oxygen tension after 
sodium bica-bonate, since increased extraction by the 
tissues woulc lower the measured tension. Calculated and 
measured veneus oxyhemozlobin saturations were similar, 
indicatmg ihat sufficient time had passed for equilibration 
of plasma ard intracellular pH at the capillary level. 

Myocardia function of every swine deteriorated greatly 
after rapid administration of sodium bicarbonate, and 
ventricular f brillation occurred in every case. These occur- 
rences may have resulted from the change in pH since 
acute severe alkalosis has been shown to cause severe 
myocardial depression and conduction defects. ^" Other 
effects, such as hypertonicity, volume overload, or other 
unrecognizec effects, may also have played an important 
role. Waether such consequences might occur in man is a 
matter for s»eculation only. 

It hes been suggested that hyperventilation should 
follow the acministration of sodium bicarbonate solution? 
because, theeretically, decreasing Paco, may attenuate the 
metabo.ic £c dosis and expedite excretion of excess carbon 
dioxide. Hcwever, mechanically induced respiratory alkalo- 
sis may decrease oxygen delivery since mechanical ventila- 
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ventilation should be used judiciously and regulated 
according to arterial carbon dioxide and pH levels. 
Therapy for metabolie acidosis must begin with early 
recognition and treatment of causal factors. Efforts should 
be directed toward restoration of adequate cardiac output 
and maintenance of adequate alveolar ventilation. Arterial 
blood samples should be analyzed for Paco., Pao., and pH 
to document the presence or absence of acidemia and to 
assess the efficacy of resuscitation. Acidemia should be 
treated only if it is of sufficient magnitude to depress 
cardiopulmonary function. Although not established with 
certainty, it would seem that a pH as low as 7.20 to 7.25 
may not have substantial detrimental effects on the cardio- 
pulmonary system." [f necessary to administer sodium 
bicarbonate solution, it should be done slowly, in an amount 
just sufficient to restore arterial blood pH to an acceptable 
level. Such therapy would avoid potentially deleterious 
effects that ean accompany sodium bicarbonate therapy. 
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Gastric Tissue Prostaglandin Levels 


Effeet of Vagotomy 


Stephen Creazhe, MD: Gerald Peskin, MD; A. Gerson Greenburg, MD, PhD; Richard P. Saik, MD 


* To determine tissue prostaglandin levels in antrum and 
fundus and tc examine the effect of vagotomy and distention on 
tissue pros:a3lancin :evels, truncal and parietal cell vagotomies 
were performed on rats that were killed at 2, 4, and 6 weeks 
postoperatively with antral and fundic prostaglandin E, levels 
being determined. The fundus has considerably higher levels of 
prostaciandia than the antrum. No differences after any type of 
vagotomy however, were noted. It cannot be concluded from this 
study that ircreasec prostaglandin levels result from vagoto- 
my. 

(Arch Surc 114:331-332, 1979) 


Fenena E, (PGE,) is a potent inhibitor of gastric 
aeid secretion.' It has been shown to be effective in 
reversing aspirin damage to gastric mucosa while inereas- 
ing mucus production. A synthetic prostaglandin E (16, 
16-dimethyl PGE,', administered orally, has been proposed 
as treatment for peptic ulcer disease.** Since gastric tissue 
is known te be rick in prostaglandin, a study was undertak- 
en to evaluate the anatomie distribution of PGE, in the rat 
stomach and to evaluate the effect of vagotomy and gastric 
distention on these tissue levels. Despite suggestive eleva- 
tions in <issue PGE, after vagotomy in a pilot study, such 
important changes cannot be confirmed in this study. 


METHODS 


One huacred twenty male Sprague-Dawley rats were assigned 
to the fol owing four operative groups: (1) sham (celiotomy only); 
(2) trancal vagotomy alone; (3) parietal cell vagotomy; and (4) 
truncal vagotomy and gastroenterostomy. A control group of ten 
rats were Eilled on day 0. Ten rats from each of the other four 
groups were killed et 2, 4, and 6 weeks after operation. At the time 
of death, completeness of vagotomy was assured in situ by Congo 
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red testing under anesthesia prior to removal of the stomach. 
Antral and fundic tissue was then separated anatomically before 
cessation of cardiac function and approximately 0.1-g samples 
were extracted immediately for tissue PGE,, by using the method 
of Jaffe and Behrman.’ Extracted tissue was then assayed for 
PGE, by radioimmunoassay using antibody harvested in white 
New Zealand rabbits to synthetic PGE,. Results were then 
analyzed by unpaired t testing. i 


RESULTS 


No considerable differences in antral tissue levels (Table 
1) or fundie levels (Table 2) were noted during the six-week 
period after either type of vagotomy or in the sham. Antral 
tissue consistently has significantly less PGE, than fundiec 
tissue (68.8 vs 152.8 pg/mg) (P < .5) in the control groups. 
The group of rats at the fourth week after gastroenteros- 
tomy and truncal vagotomy were lost to examination. 


COMMENT 


The effect of prostaglandin on gastrin secretion has long 
been studied in many models. In animals studied, acid and 
pepsin output is inhibited by prostaglandin.'* Intravenous 
PGE, diminished experimentally induced ulcers.’ In addi- 
tion, topically applied PGE, has been shown to increase 
gastric mucus production,’ another proposed mechanism of 
proteetion against the ulcer diathesis. 

Orally administered naturally occurring PGE is not 
effective in man, perhaps due to acid instability and its 
inherent side effects. Yet, a new synthetic 16, 16-dimethyl 
PGE. is acid stable and effective in controlling acid 
secretion in the human stomach.’ Its usefulness as an 
antiuleer drug has yet to be tested in humans in a clinical 
study. 

Although theoretically possible, changes in tissue PGE 
cannot on the basis of this study be included as part of the 
physiologie effects after vagotomy. A problem of large 
variability in the assay itself may be minimized in the 
future by assaying mucosa only rather than full thickness 
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Week Control 
68.6 + 18.7 


Sham 










137.1 + 37.3 
99.4 + 14.4 
119.4+ 21.4 










Week Control 


152.8 + 28.0 










158.4 —- 19.8 
143.4 4 30.5 
130.7 + 13.6 





*No significant differences exist. 


samples. Also the possibility that PGE may be secreted, 
may act, and may be metabolized at a cellular level may 
make it impossible to detect changes with present tech- 
niques. 

No differences were noted between truncal and parietal 
cell vagotomy. Gastroenterostomy was added to account 
for differences that may have resulted from gastric disten- 
tion after truncal vagotomy alone. This, however, did not 
seem to be an important factor. Only in the antrum would 
the differing vagotomies (parietal cell vs truncal) be 
expected to have shown a different effect. Denervation of 
the antrum after truncal vagotomy when compared to 


residual innervation after parietal cell vagotomy both in 


the face of decreased intraluminal acid resulted in no 
differences. Therefore, denervation itself in the rat 
antrum did not seem to affect prostaglandin levels. Consid- 





Table 1.—Antral Tissue Levels, pg/ ng (SEM)* 
Truncal Parietal Cell 


Vagotomy 








112.1 +22.5 
77.8+ 26.9 
78.1 +21.8 


ndin E, Levels, pg/mg (SEM)* ; 
Truncal Parietal Cell 


Table 2.—Fundic Tissue Prostagla 
Sham Vagotomy 


174.2 + 34.4 







162.2 —- 11.6 






Vagotomy 














Gastroenterostomy 
127.5 - 33.3 161.7 + 34.1 
103.0 + 34.4 
109.1 + 20.5 















107.0 + 33.1 


Vagotomy Gastroentercstomy 













171.7 x 27.5 171.7 + $7.0 
149.7 +17.7 


150.9 + 19.3 


79.7 X 17.8 







155.8 + 48.8 


erably more PGE, was present, however, in fundie tissue 
than antra tissue. This finding has not before been noted. 
Its importence at the moment is hypothetical, although if 
PGE, were an important local inhibitor of the parietal cell, 
one would expect its concentration to be greatest in the 
fundus. 

Prostaglendin functions antagonistically to histamine 
and is present in gastric tissue. Differences between the 
antrum ani fundus are documented. Various types of 
vagotomy end the presence or absence of chronic zastric 
distention do not seem to have an effect on tissue prosta 
glandin levels. : 


This study was supported in part by a grant from the Research Service of 
the Veterans administration Hospital, San Diego, and by Publie Health 
Service grant ^ M17960. 

J. Pike suppl ed the prostaglandin E,. 
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Clinical Note 


Gallstone Perforation and 
Obstruetion of the Duodenal Bulb 


George D. Argy-apoulos, MD; George Velmachos, MD; Basil Axenidis, MD 


€ A 69-year-aid woman had a large gallstone eroded through 
the wall ofthe gallbladder and into the duodenum. The gallstone 
became fixed within the cholecystoduodenal fistula and 
produced a duodenal obstruction. At the time of the diagnosis of 
this problem, the patient had had a three-week period of epigas- 
tric pain and prelonged vomiting. She was treated by removal of 
the stone and cholecystectomy. The duodenal fistula was closed 
in two layers, and a gastrojejunostomy and a truncal vagotomy 
were carried out to protect the duodenal suture line. A leak from 
the duodenal closure developed on the fourth day, but this 
subsided spcn-aneously after 15 days with the use of sump 
drainage. Six months later, the patient is doing well and has a 
normal dwodenum and gastrcjejunostomy as shown by upper 
gastrointestinal barium study. 

(Arch Surg 114:333-335, 1979) 


holecystocuodenal fistula and duodenal obstruction 
caused Ey an impacted gallstone is a relatively rare 
complicatior. of cholelithiasis. Cases of gallstone obstruc- 
tion of the ejunum or the ileum have already been 
reported on several occasions in the literature. However, 
obstruction of the duodenum, partial or complete, caused 
by a gallstone is a complication that a general surgeon may 
never encoun-er in his lifetime's operative routine. Lloyd 
Thomas t al' described a similar case and admitted that it 
was the second reported British case. Francois and 
Huguier? fcllowing a case of their own, found that only 53 
similar cases ìad been reported in the international litera- 
ture until 1972. 
It is usua. that once the gallstone passed the cholecysto- 
duodena! fistula it will eventually reach the terminal ileum. 
However, gal stones have sometimes been reported to be 
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brought up by vomiting. On the other hand, a gallstone 
may rarely become incarcerated, and thus protruding 
through the fistula may be the cause of pyloric stenosis or 
high obstruction. 


REPORT OF A CASE 


A 69-year-old woman was referred to our hospital on Oct 13, 
1975, in a grave general condition, with the clinical symptoms of 
high intestinal obstruction. An operation for umbilical hernia and 
a myocardial infarction were recorded on her history. On admis- 
sion, she gave a three weeks' history of severe epigastric 
complaints, vomiting, and general malaise. She had been previous- 
ly admitted to another hospital, where, after clinical and laborato- 
ry examinations, a diagnosis of pyloric stenosis with incomplete 
high obstruction was made. On admission, her general condition 
was very poor, she was dehydrated, and she said that she had lost 8 
kg during the previous month. On examination there was some 
tenderness and mild guarding in the upper abdomen that 
extended to the right hypochondrium. A cholecystogram showed a 
nonfunctioning gallbladder and an opacity of considerable size, 
suggestive of a big gallstone or a calcified gallbladder. The 
common bile duct was found to be of normal dimensions on an 
intravenous cholangiogram. A barium meal revealed a holdup in 
the duodenal bulb by a big and opaque foreign body suggestive of 
a gallstone (Fig 1-3). 

After adequate preoperative preparation, a laparotomy was 
carried out. During the operation we were faced with an extensive 
mass formed by dense adhesions that covered the space over the 
anterior margin of the liver, the gallbladder, the duodenum, and 
part of the greater omentum, in such a way that anatomic 
differentiation of the involved structures was extremely difficult 
at first sight. After meticulous separation of adhesions, the 
gallbladder was identified. The gallbladder wall was found to be 
thickened from chronic inflammation and densely adherent to the 
duodenal wall, in such a way that further separation of adhesions 
resulted in an opening into the lumen of the previously mentioned 
structures. This exposed a big gallstone, 5.5 cm, situated half 
inside the gallbladder and half into the duodenal lumen (Fig 4). It 
was obvious that the gallstone had penetrated the gallbladder wall 
and the duodenum and was incarcerated inside a cholecystoduode- 
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Fig 1.—Barium meal x-ray film showing holdup at duode- 





Fig 2.—Close-up views at duodenum showing foreign body (arrows) 


num. obstructing lumen and allowing narrow passage. 





Fig 3.—Well-outlined gallstone residing in duodenal lumen. 


nal fistula. The gallstone was removed and a cholecystectomy was 
performed. The opening of the duodenal wall was closed in two 
layers and, to ensure the duodenal suture line, the operation was 
completed by a posterior gastrojejunostomy and a truncal vagoto- 
my. The abdomen was drained and the wound closed with nylon. 
The postoperative course was complicated by duodenal leakage, 
which appeared through the drainage tube on the fourth day after 
the operation. This, however, subsided after 15 days with the help 
of a continuous sump aspiration, which proved very effective. 
Finally, the patient was discharged on the 26th postoperative day 
in a satisfactory condition. She was reviewed six months later, 
when further roentgenograms showed the duodenum and the 
gastrojejunostomy functioning very effectively (Fig 5). 
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Fig 4.—Gallstone with debris. 


COMMENT 


Gallstone obstruction accounts for 1% to 3% of all 
intestinal obstructions. This percentage becomes greater 
with age, so that 23% to 25% of obstructions occur after the 
age of 65.*° Other statistics suggest that 0.3% to 0.5% of 
cholelithiasis may become complicated with gallstone 
obstructions.’ It is of particular interest that establishing a 
correct diagnosis of gallstone obstruction prior to opera- 
tion is a great differential diagnostic challenge. Roentgen- 
ographic demonstration of such an obstruction is quite rare 
and only seven similar cases have been reported.’ The 
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Fig 5.—X-ray f Im taken six months after operation showing both 
duodenum and jastroenterostomy functioning well. 


space cecupied by the gallstone is usually outlined by the. 


opaque medium, which shows a filling defect in the duode- 
nal lumen suggestive of an organic pathology of any 
nature This appearance sometimes is similar to that of a 
leiomyoma or to a “false tumor” described by Berger.” 
Franecis and duguier* point out that gastroscopy may be 
of great diagrostic help. 








The technique for closing the duodenal opening varies 
according to the condition of the duodenal wall and the 
dimensions of the fistula. Simple closure in two layers in 
the vertical axis is performed when the edges of the fistula 
are free from inflammation and may come together with- 
out undue tension. 

A Roux-en-Y loop for anastomosis to the fistulous area 
has also been used. The results, however, have been 
reported to be rather poor. 

In our case, we deliberately performed a gastroenteros- 
tomy as an extra measure of precaution, to ensure the 
duodenal suture line. After this and in order to reduce 
gastric acidity, we performed a truncal vagotomy to 
protect the gastrojejunostomy from the development of 
anastomotic ulcer. We were very pleased to see this 
procedure becoming very effective, since the postoperative 
duodenal leakage lasted only for two weeks and altered the 
otherwise reported quite grave prognosis. During the 
postoperative period we were very meticulous in maintain- 
ing fluid and electrolyte balance and hematocrit levels 
within normal limits. The patient was put under intensive 
care to prevent further complications. 

Brockis and Gilbert? reported the operative mortality of 
gallstone obstruction to be up to 33%. This must be due to 
the advanced age of the patients and coexistence of other 
pathological problems from the lungs, heart, or kidneys, 
which may deteriorate from disturbed water and electro- 
lyte balance after vomiting and dehydration. 


References 


1. Lloyd Thomas T, Jaques PF, Weaver PC: Gallstone obstruction and 
perforation-of the duodenal bulb. Br J Surg 63:131-132, 1976. 

2. Francois M, Huguier M: Obstruction duodenale par calcul biliaire. J 
Chir 10€:473-475, 1975. 

3. Brockis JG, Gilbert MC: Intestinal obstruction by gallstone. Br J Surg 
44:461-456, 1957. 

4. Riesser JF, Vicas B: Gallstone impacted in the duodenal cap. Radiology 
58:401-4)4, 1952. 

5. Vick RM: Stetistics of acute intestinal obstruction. Br Med J 2:546-548, 
1932. 

6. Simonian S.: Gallstene obstruction of the duodenal bulb. Lancet 


Arcn Surg—Vel 114, March 1979 


1:893-894, 1968. 

7. Anderson RE, Woodward N, Diffenbaugh WS, et al: Gallstone obstruc- 
tion of the intestine. Surg Gynecol Obstet 125:540-548, 1967. 

8. Defeo E, Meigher SC: Gallstone impacted in the stomach and duodenal 
bulb demonstrated by roentgenologic examination. Am J Roentgenol 
Radium Ther Nucl Med 77:40-46, 1957. 

9. Hertz J: Obstruction of the duodenum with special reference to 
gallstone perforation. Acta Chir Scand 96:233-250, 1947. 

10. Berger SM: Pseudotumours of the duodenal bulb. Am J Roentgenol 
Radium Ther Nucl Med 74:580-586, 1955. 


Gallstone—Argyropoulos et al 335 


23^ Aes din ation. 


, 
15 o» TIL 



























_ Fiveyears 

. Ofclinical experience 
- fortheserious . 

anaerobic infection . 

you treat today . 


... Extensive research and clinical experience have — 

= established that anaerobic bacteria, once thought : 

innocuous, are often the cause of serious infections. 
During this time, clinical experience has - 

also established the efficacy of Cleocin* Phosphate 

(clindamycin phosphate injection, NF) in serious | 

». anaerobic infections— primarily intra-abdominal iis 

- . sepsis and female pelvic infection—used concomitantly — 

| with appropriate surgical procedures. 

b^. Clindamycin has maintained an excellent record 

... ofin vitro activity against Bacteroides fragilis, the most 

-... commonly isolated anaerobic pathogen in these infections. 

| 


In Vitro Susceptibility of B. fragilis at Three Infectious Disease Centers* 
as Determined by Agar or Broth Dilution Method 


Cumulative Percentage at 
Various Concentrations (ug/ml) 


<8.0 















Number of 
Strains 
Tested 














$ Wadsworth to 1972 123 89 96 100 

E 197275 | 76 84 | 96 100 — 
E Tufts —— 1973-76 26 100 100 — — 100 
KS CGU UNA ae dec eee 59 98 98 98* 
. 1978 37 <0 100 100 


A “Published data or data on file with The Upjohn Company. The use of this data does not 
"s constitute, imply, or suggest a recommendation of Cleocin by these centers. 


*Of 678 strains tested at these centers, only one resistant strain, with an MIC of 32 ug/ml, 
was encountered. 


In a study of six healthy male volunteers receiv- 
ing 600 mg intravenous infusions of Cleocin Phosphate 
every six hours, the mean peak serum concentration 
following the fourth dose was 10.42 ug/ml. The mean 
serum concentration immediately before infusing the 
fourth dose was 3.27 ug/ml. ' 

The parenteral route is recommended initially. 4% 
——. Oral Cleocin® HCI (clindamycin HCI capsules, USP) AE 

—. may be instituted when the patient's clinical status 
has improved. 
As there is no cross-allergenicity to the 
—  B-lactam antibiotics, such as the penicillins and 
= cephalosporins, Cleocin is useful in seriously il 
... patients infected with susceptible organisms and who 
= are sensitive to drugs in those classes. Hypersen- 
sitivity to clindamycin has been reported; if a hypersen- 
Sitivity reaction occurs, the drug should be discontinued. 











(€ 1979 THE UPJOHN COMPANY 


. 336 


E 
>i 






Vs wine ato i oi RI 

ents or oine 
ment of the physi 
ate. Because of the risk of colitis, as described in 
the WARNING box, before selecting clindamycin 
the physician should consider the nature of the 
infection and the suitability of less-toxic alter- 
natives (eg, erythromycin). 

Anaerobes: Serious respiratory tract infections 
such as empyema, anaerobic pneumonitis and 
lung abscess; serious skin and soft-tissue infec- 
tions; septicemia; intra-abdominal infections such 
as peritonitis and intra-abdominal abscess (typi- 
cally resulting from anaerobic organisms resident 
in the normal gastrointestinal tract); infections of 
the female pelvis and genital tract such as endo- 
metritis, nongonococcal tubo-ovarian abscess, 
pelvic cellulitis and postsurgical vagina-cuff 
infection. 

Streptococci: Serious respiratory tract infec- 
tions; serious skin and soft-issue infections; 
septicemia. 

Staphylococci: Serious respiratory tract infec- 
tions; serious skin and softHissue infections; sep- 
ticemia; acute hematogenous osteomyelitis. 

Pneumococci: Serious respiratory tract 
infections. 

Adjunctive Therapy: In the surgical treatment of 
chronic bone and joint infections due to suscep- 
tible organisms. Indicated surgical procedures 
should be performed in conjunction with antibi- 
Otic therapy. 

Bacteriologic studies should be performed to 
determine the causative organisms and their sus- 
ceptibility to clindamycin. 

Contraindications: History of hypersensitivity to 
clindamycin or lincomycin. 
Warnings: See WARNING box. Studies indicate 
a toxin(s) produced by Clostridia is one primary 
Q) cause of antibiotic-associated colitis. Mild 
cases of colitis may respond to drug discon- 
tinuance alone. Moderate to severe cases 
should be managed promptly with fluid, 
electrolyte, and protein supplementation 
as indicated. Systemic corticoids and corti- 
coid retention enemas may heip relieve 
the colitis. Other causes of colitis should 
. also be considered. 

A careful inquiry should be made con- 
cerning previous sensitivities to drugs and 
other allergens. Antagonism has been dem- 
onstrated between clindamycin and erythro- 
mycin in vitro. Because of possible clinical 
significance, these two drugs should not be 
administered concurrently. 

Usage in Pregnancy: Safety for use in preg- 
nancy has not been established. 

Usage in Newborns and Infants: When clinda- 
mycin phosphate is administered to newborns 
and infants, appropriate monitoring of organ sys- 
tem functions is desirable. 

Nursing Mothers: Clindamycin has been 
reported to appear in breast milk in ranges of 0.7 
to 3.8 ug/ml. | 

Usage in Meningitis: Since clindamycin does 
not diffuse adequately into the cerebrospinal 
fluid, the drug should not be used in meningitis. 


SERIOUS ANAPHYLACTOID REACTIONS 
REQUIRE IMMEDIATE EMERGENCY TREAT- 


| WARNING 
Clindamycir therapy has Deen associated 
with severe zolits which may end fatally. 
Therefore, it shculd be reserved for serious 
infections where less-toxic antimicrobial 
agents are nappropriate, as described in the 
INDICATIONS saction. it should not be used 
in patients with 3onbacterial infections, such 
as most upper respiratory tract infections. 
Studies indicate a toxin(s) produced by Clos- 
tridia is one primary cause of antibiotic-asso- 
ciated colits. See WARNINGS section. The 
Colitis is usually characterized by severe, per- 
sistent diar'hea and severe abdominal 
cramps and may be associated with the pas- 
sage of blaod and mucus. Endoscopic exam- 
ination mav reweal pseudomembranous 
colitis. 

When significant diarrhea occurs, the drug 
should be discontinued or. if necessary, con- 
tinued only with close observation of the 
patient. Lasge-dowel endoscopy has been 
recommended 

Antiperistaltic agents such as opiates and 
diphenoxylate with atropine (Lomotil®) may 
prolong amd/or worsen the condition. 

Diarrhea, colitis, and pseudomembranous 
colitis have been observed to begin up to 
several weeks following cessation of therapy 
with clindemycin. 
































Each ml contains: 


clindamycin phosphate 
equivalent 10: 3555: bow ee 150 mg 
clindamycin 
bere yllalcohol ..275- 5, Cade ty were 5 mg 
disodium edetate J. ............ Lese. 0.5 mg 
Waller forinjectiore oleo eee qs 
When necessary, pH adjusted with NaOH 
and/or HCI. 


Indicatiens: Clindamycin is indicated in the 
treatmert of serious infections caused by sus- 
ceptible anaerobic bacteria. 

Clindamycin is also indicated in the treatment 
of senous in'ections due to susceptible strains of 
streptococci, pneumococci, and staphylococci. 


Its use shoud be reserved for penicillin-allergic J-6816-9 


MENT WITH EPINEPHRINE. OXYGEN AND 
INTRAVENOUS CORTICOSTEROIDS SHOULD 
ALSO BE ADMINISTERED AS INDICATED. 


Precautions: Review of experience to date sug- 
gests that a subgroup of older patients with 
associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these 
patients, they should be carefully monitored for 
change in bowel frequency. Prescribe with cau- 
tion in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Do not inject intravenously as an undiluted 
bolus; infuse as directed in package insert. Indi- 
cated surgical procedures should be performed 
in conjuriction with therapy. Patients with very 
severe renal disease and/or very severe hepatic 
disease accompanied by severe metabolic aber- 
rations should be dosed with caution and serum 
clindamycin levels monitored during high-dose 
therapy. 

Prescribe with caution in atopic individuals. 
During prolonged therapy. periodic liver and kid- 
ney function tests and blood counts should be 
performed. Use may result in overgrowth of non- 
susceptible organisms, particularly yeasts. 
Should superinfection occur, adjust therapy as 
clinical situation dictates. Clindamycin has been 
shown to have neuromuscular blocking proper- 
ties that may enhance the action of other neuro- 
muscular blocking agents. Use with caution in 
patients receiving such agents. 


Adverse Reactions: Gastrointestinal: Abdominal 
pain, nausea, vomiting and diarrhea. (See 
WARNING box.) Hypersensitivity Reactions: 
Maculopapular rash and urticaria have been 
observed. Generalized mild to moderate morbilli- 
form-like skin rashes are the most frequently 
reported of all adverse reactions. Rare instances 
of erythema multiforme, some resembling 
Stevens-Johnson syndrome, have been asso- 
ciated with clindamycin. A few cases of anaphy- 
lactoid reactions have been reported. If a 
hypersensitivity reaction occurs, the drug should 
be discontinued. The usual agents (epinephrine, 
corticosteroids, antihistamines) should be avail- 
able for emergency treatment of serious reac- 
tions. Liver: Jaundice and abnormalities in liver 
function tests have been observed during clinda- 
mycin therapy. Hematopoietic: Neutropenia, 
eosinophilia, agranulocytosis and thrombocyto- 
penia have been reported; no direct etiologic 
relationship to concurrent clindamycin therapy 
has been made. Local Reactions: Pain, indura- 
tion, and sterile abscess have been reported after 
intramuscular injection, and thrombophlebitis 
after intravenous infusion. Reactions can be min- 
imized or avoided by giving deep intramuscular., 
injections and avoiding prolonged use of indwell- 
ing intravenous catheters. Musculoskeletal: Rare 
instances of polyarthritis have been reported. 
How Supplied: Available as a sterile solution 
with each ml containing clindamycin phosphate 
equivalent to 150 mg clindamycin. Ampoules 

of 2 and 4 ml. 

Caution: Federal law prohibits dispensing without 
prescription. MED B-6-S 


In serious anaerobic infections... 


Cleocin Phosphate 


(clindamycin phosphate injection, NF) 


STERILE SOLUTION—FOR INTRAMUSCULAR AND INTRAVENOUS USE 
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Avitene (MCH) at work: 
hemostasis of stellate fracture 
of the liver 





——. | AES 
Bleeding controlled by application of hemostatic clamps; mattress sutu es 
were then installed to secure hemostasis of major bleeders. Avitene was applied to 
control residual hemorrhage after removal of clamps. 


Please see facing page for brief summary. 
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Microfiorilar Collagen 
Hemostat 


Avitene® (microfibrillar collagen hemostat), 
derived from purified bovine corium, differs 
physically, chemically, and clinically from 
other topical hemostats. Supplementing 
conventioral hemostatic techniques, Avitene 
extends your range of options when 
surgical bleeding problems are encountered. 
In cases where sutures, cautery, or pressure 
are impractical or ineffective, Avitene... 


...a modified natural collagen, triggers the 
normal hemostatic mechanism, and produces 
a normal (physiologic) clot 


... adheres tenaciously, even to irregular bleeding 
surfaces 


...controls generalized bleeding from soft, friable 
tissues and highly vascularized organs 


...produces minimal foreign body response 


...is effect:ve in most patients receiving heparin 
or aspirin. and in those who are moderately 
thrombocytopenic. 


Numerous clinical studies document the efficacy 
of Avitene in a wide range of surgical 
procedures. Repr:nts of these studies and films 
showing surgeons using Avitene (microfibrillar 
collagen hemostat) are available at your request. 
Films currently available include: (1) Six 
Demonstrations of Effectiveness; (2) Use in 
Partial Nephrectomy; (3) Use in Thoracic 
Surgery; (4) Use in Neurosurgery; and (5) Use 
in Bene Bleeding. 


For further information, write: 
Medical Director, Avicon, Inc., P.O. Box 85, 
Fort Worth, Texas 76101. 


Avitene" is distributed by 
Alcon. Laboratories, Inc. 
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Keep Avitene dry. Care must be taken to ensure that Avitene is 
kept scrupulously dry, as prolonged exposure to moisture will 
impair its hemostatic efficacy. It will adhere to any wet surface and 
should be applied only with dry smooth forceps. 

Apply Avitene directly to the source of the bleeding. It is important 
that Avitene be applied directly to the source of bleeding. Other- 
wise Avitene may seal over the exit site of deeper hemorrhage and 
conceal an underlying hematoma. Surfaces to be treated should 
first be compressed with dry sponges, and then covered with 
Avitene. The amount required will depend on the force and 
severity of the bleeding. 

Apply pressure with a dry sponge. It is then necessary to apply 
moderate pressure over the Avitene with a dry sponge. The period 
of time necessary will vary with the severity of the bleeding, and 
may range from a minute for capillary bleeding, to three to five 
minutes for brisk bleeding or arterial leaks. For control of oozing 
from cancellous bone, Avitene should be firmly packed into the 
spongy bone surface. 

Remove excess Avitene. After five to ten minutes, excess Avitene 
should be teased away; this can usually be accomplished without 
nitiating rebleeding. If breakthrough bleeding occurs in areas of 
thin application, additional Avitene may be applied. The amount 


required depends, again, on the severity of bleeding. In capillary : 


bleeding, one gram will usually be sufficient for a 50 cm? area. 
Thicker coverage may be required for brisk bleeding. 

Avitene® (microfibrillar collagen hemostat) 

Description: Avitene is an absorbable topical hemostatic agent 
prepared as a dry, sterile, fibrous, water insoluble partial 
hydrochloric acid salt of purified bovine corium collagen. 
Indications: Avitene is used in surgical procedures as an adjunct 
to hemostasis when control of bleeding by ligature or conven- 
tional procedures is ineffective or impractical. 
Contraindications: Avitene should not be used in the closure of skin 
incisions as it may interfere with the healing of the skin edges. 
Warnings: Avitene is inactivated by autoclaving. Ethylene oxide 
reacts with bound hydrochloric acid to form ethylene chloro- 
hydrin. This product should not be resterilized. It is not for 
injection. Moistening Avitene or wetting with saline or throm- 
bin impairs its hemostatic efficacy. It should be used dry. 
Discard any unused portion. As with any foreign substance, use 
in contaminated wounds may enhance infection. 

Precautions: Only that amount of Avitene necessary to produce 
hemostasis should be used. After several minutes, excess mate- 
rial should be removed; this is usually possible without the 
re-initiation of active bleeding. Avitene contains a low, but 
detectable, level of intercalated bovine serum protein which 
reacts immunologically as does beef serum albumin. Increases 
in anti-BSA titer have been observed following treatment with 
Avitene. About two-thirds of individuals exhibit antibody titers 
because of ingestion of food products of bovine origin. Intra- 
dermal skin tests have occasionally shown a weak positive 
reaction to BSA or Avitene but these have not been correlated 
with IgG titers to BSA. Tests have failed to demonstrate 
clinically significant elicitation of antibodies of the IgE class 
against BSA following Avitene therapy. Care should be exer- 
cised to avoid spillage on nonbleeding surfaces. particularly in 
abdominal or thoracic viscera. Teratology studies in rats and 
rabbits have revealed no harm to the animal fetus. There are 
no well-controlled studies in pregnant women; therefore, Avi- 
tene should be used in pregnant women only when clearly 
needed. 

Adverse reactions: The most serious adverse reactions reported 
which may be related to the use of this drug are potentiation of 
infection including abscess formation, hematoma, wound dehi- 
scence, mediastinitis. Other reported adverse reactions possibly 
drug related are adhesion formation, allergic reaction, foreign 
body reaction, subgaleal seroma (report of a single case). 

How supplied: In | g and 5 g sterile jars of sterile microfibrillar 
collagen hemostat all contained in sealed can. Sterility of the 
jars exterior cannot be guaranteed if can seal is broken. 
Content of jar is sterile until opened. 6/78 








Injectable Valium (Ciozeocrr helps 
patient from becoming overly anxious 


o rapid relief of anxiety, apprehension 
and tension 

o diminishes recall of unpleasant or 
painful procedures when used V 

t reduces anxiety associated with pain 
r1 use with care in elderly, very ill or 
those with limited pulmonary reserve 


(See Warnings section in complete product information.) 


D. "IRE PUTT Wee Prue rine pir was TORO, 
“Circulatory Assistance in Open-heart Surgery, 
is available through your Roche representative. 
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Please consult complete product information, a 
summary of which follows: 

Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 
factors; psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute de- 
lirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to 
local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus, severe recurrent sei- 
zures; adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic/surgical pro- 
cedures; cardioversion. 

Contraindications: Hypersensitivity; acute narrow 
angle glaucoma; may be used in patients with 
open angle glaucoma receiving appropriate 
therapy. 

Warnings: 7o reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, 
and, rarely, vascular impairment when used l.V.: 
inject slowly, taking at least one minute for each 5 
mg (1 ml) given; do not use small veins, i.e., dor- 
sum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do 
not mix or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasi- 
ble to administer Valium directly I.V., it may be 
injected slowly through the infusion tubing as 
close as possible to the vein insertion. 

Administer with extreme care to elderly, very ill, 
those with limited pulmonary reserve because of 
possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other 
CNS depressants increases depression with in- 
creased risk of apnea; have resuscitative facilities 
available. When used with narcotic analgesic, 
eliminate or reduce narcotic dosage at least 1⁄3, 
administer in small increments. Should not be 
administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital 
signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring com- 
plete mental alertness (e.g., operating machinery, 
driving). 

Has precipitated tonic status epilepticus in pa- 
tients treated for petit mal status or petit mal var- 
iant status. 

Withdrawal symptoms (similar to those with bar- 
biturates, alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdomi- 
nal/muscle cramps, vomiting, sweating). Keep 
addiction-prone individuals under careful surveil- 
lance because of predisposition to habituation/ 
dependence. 


Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should al- 
most always be avoided because of in- 
creased risk of congenital malformations 
as suggested in several studies. Consider 
possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
if they intend to or do become pregnant. 
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ready-to-use 2-ml Tel-E-Ject® 
disposable syringes 
2-ml ampuls, 10-ml vials 






5 mg/ml 


Not recommended for OB use. 


Efficacy/safety not established in neona es (age 
30 days or less); prolonged CNS depression ob- 
served. In children, give slowly (up to O. 25 mg/kg 
over 3 minutes) to avoid apnea or prolomged 
somnolence; can be repeated after 15 tc 30 min- 
utes. If no relief after third administratiom, appro- 
priate adjunctive therapy is recommended. 


Precautions: Although promptly controled, sei- 
zures may return; readminister if necessary; not 
recommended for long-term maintenance 
therapy. 

If combined with other psychotropics or.anticon- 
vulsants, carefully consider individual paar- 
macologic effects—particularly with kncwn com- 
pounds which may potentiate action of Valium 
(diazepam), i.e., phenothiazines, narco3cs, bar- 
biturates, MAO inhibitors, antidepressamts. Pro- 
tective measures indicated in highly anxous pa- 
tients with accompanying depression who may 
have suicidal tendencies. Observe usua precau- 
tions in impaired hepatic function; avoic accumu- 
lation in patients with compromised kidmey func- 
tion. Laryngospasm/increased cough re lex are 
possible during peroral endoscopic procedures; 
use topical anesthetic, have necessary coun- 
termeasures available. Hypotension or muscular 
weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 
venous thrombosis/phlebitis at injectior site, con- 
fusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, temor, 
vertigo, constipation, nausea, incontinence, 
changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotension, Hurred 
vision, diplopia, nystagmus, urticaria, sxin rash, 
hiccups, changes in salivation, neutropenia, 
jaundice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucinations, in- 
creased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been re»orted; 
should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, 
laryngospasm/pain in throat and chest ave been 
reported in peroral endoscopic procedr res. Iso- 
lated reports of neutropenia, jaundice; periodic 
blood counts, liver function tests advisable during 
long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 
Dosage: Usual initial dose in older chilcren and 
adults is 2 to 20 mg I.M. or I. V., depending on 
indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In-acute 
conditions injection may be repeated wthin 1 
hour, although interval of 3 to 4 hours is usually 
satisfactory. Lower doses (usually 2 to E mg) with 
slow dosage increase for elderly or debsitated pa- 
tients and when sedative drugs are adced. (See 
Warnings and Adverse Reactions.) 

For dosages in infants and children see below; 
have resuscitative facilities available. 

I.M. use: by deep injection into the muscle. 

I.V. use: inject slowly, take at least one minute for 
each 5 mg (1 ml) given. Do not use smell veins, 


O promptly controls anxiet y/ 
tension before and after surgery 


o diminishes pain-related anxiety 


o narcotic analgesic dosage can 
and should be reduced 


can help the surgical patient 
very Slap atthe Way 


i.e., dorsum of hand or wrist. Use extreme care to 
avoid intra-arterial administration or extravasa- 
tion. Do not mix or dilute Valium with other solu- 
tions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium (diazepam) di- 
rectly I.V., it may be injected slowly through the 
infusion tubing as close as possible to the vein 
insertion. 

Moderate psychoneurotic reactions, 2 to 5 mg 
I.M. or I. V. and severe psychoneurotic reactions, 
5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. 
or I.V. initially, then 5 to 10 mg in 3 to 4 hours if 
necessary. Muscle spasm, in adults, 5 to 10 mg 
I.M. or I. V. initially then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger doses); in 
children, administer I.V. slowly; for tetanus in in- 
fants over 30 days of age, 1 to 2 mg I.M. or I.V., 
repeat every 3 to 4 hours if necessary; n children 
5 years or older, 5 to 10 mg repeated every 3 to 4 
hours as needed. Respiratory assistance should 
be available. 

Status epilepticus, severe recurrent convulsive 
seizures (I.V. route preferred), 5 to 10 mg adult 
dose administered slowly, repeat at 10- to 15- 
minute intervals up to 30 mg maximum. Repeat 
in 2 to 4 hours if necessary keeping in mind 
possibility of residual active metabolites. Use cau- 
tion in presence of chronic lung disease or un- 
stable cardiovascular status. Infants (cver 30 
days) and children (under 5 years), 0.2 to 0.5 mg 
slowly every 2 to 5 min., up to 5 mg (I.V. pre- 
ferred). Children 5 years plus, 1 mg every 2 to 5 
min., up to 10 mg (slow I.V. preferred); repeat in 2 
to 4 hours if needed. EEG monitoring may be 
helpful. 

In endoscopic procedures, titrate I. V. dosage to 
desired sedative response, generally 10 mg or 
less but up to 20 mg (if narcotics are omitted) 
immediately prior to procedure; if I.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes 
prior to procedure. As preoperative medication, 
10 mg I.M.; in cardioversion, 5 to 15 mg I.V. within 
5 to 10 minutes prior to procedure. Once acute 
symptomatology has been properly controlled 
with injectable form, patient may be placed on 
oral form if further treatment is required. 
Management of Overdosage: Manifestations in- 
clude somnolence, confusion, coma, diminished 
reflexes. Monitor respiration, pulse, blood pres- 
sure; employ general supportive measures, |.V. 
fluids, adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressive effects. 
Dialysis is of limited value. 

Supplied: Ampuls, 2 ml, boxes of 10; vials, 10 ml, 
boxes of 1; Tel-E-Ject® (disposable syringes), 2 
mi, boxes of 10. Each ml contains 5 mg diazepam 
compounded with 40% propylene glycol, 10% 
ethyl alcohol, 5% sodium benzoate ard benzoic 
acid as buffers, and 1.5% benzyl alcohol as 
preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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Respiratory L'istress Syndrome 


To the £€ditar.—lhe respiratory dis- 
tress syndrome, as manifested by 
increased pu monary venous admix- 
ture, continues to 5e an important 
challenge :m the management of 
multiply transfused patients. The 
study presented im the ARCHIVES 
(113:917-956, 1978), addresses the effi- 
cacy cf 3wark micropore transfusion 
filters ir preventing increased pulmo- 
nary artericl venous shunting in 
surgical patents. They present a 
consicerable increase in shunting as 
well zs alveclar-arterial oxygen dif- 
ference in patients transfused over 
20% o= blood ~olume through standard 
transfusion filters, but no difference 
in the same parameters in patients 
who were trensfused through Dacron 
wool filters. 

In evaluating their preoperative 
data, it is apparent that the groups 
were noticeadly different before sur- 
gery and tha- both groups had identi- 
cal shurts amd alveolar-arterial oxy- 
gen differences postoperatively. In 


addition, if -zhe single patient with - 


substantially elevated preoperative 


shunt ng were excluded from consid- | 


eration, postcperative shunting would 
actually be less in patients with stan- 
dard transfusion filters. 

Although E is obvious that the use 
of the Dacron wool filter substantially 
decreases the quantity of microaggre- 
gates administered, it eannot be 
concluded thet this is responsible for a 


- decrease in saunt fraction. 


LARRY C. CAREY, MD 
PETER J. FABRI, MD 
Columbus, Ohio 


In Reply.—D-s Carey and Fabri have 
proposed that if in our recent study 
the single pacient with the noticeably 
elevatec preeperative shunt were ex- 
cluded from -*onsideration, postopera- 
tive shuntrg woud actually have 
been less :n patients transfused 
through standard filzers than in those 
trans-used tarough Dacron wool mi- 
cropore filters. Using the same logic, 
one might zs easily argue for the 
exclusion of the single patient in 
whom shurt rose when Dacron wool 
fillers were used, thus making our 
data even mere important. 
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In our most recently published 
experiments with animals, a strong 
correlation (r — .85) was noted be- 
tween absolute percent change in Qs/ 
Qt and the "quantity" of microaggre- 
gates administered. A similar correla- 
tion, albeit not as great (r — .68), is 
illustrated in Fig 2 of our present 
human study. The data illustrated in 
our article clearly show an increase in 
Qs/Qt in patients after transfusion 
when more than 20% of the blood 
volume was transfused through stan- 
dard filters and no increase in Qs/Qt 
in patients transfused a similar quan- 
tity of blood through Dacron wool 
micropore filters. 

Because of the ethical problems 
involved, it is frequently not possible 
in human research to establish and 
carry out protocols as clean cut as 
those that can be accomplished in the 
animal laboratory. For this reason, it 
was not possible to provide as many 
measurements as one might deem 
necessary to prove our point more 
conclusively in humans. However, the 
ultimate objective in this research was 
to treat the patients correctly, not to 
produce pulmonary insufficiency. 

There can be no doubt that some 
patients were physiologically differ- 
ent from others. As shown on Table 1 
and 2, ages ranged between 10 and 68 
years, and they had a variety of 
illnesses. It was because preoperative 
shunts varied from patient to patient 
that it was necessary to measure 
shunt in the same patient not only 
before but also after transfusion. This 
allowed each to serve as his own 
control. 

Our data do not show, as Carey and 
Fabri state, that removal of microag- 
gregates from stored blood by Dacron 
wool micropore filters led to a 
decrease in shunt fraction after trans- 
fusion. Rather they demonstrate that 
when microaggregates were not re- 
moved, an increase in pulmonary 
venous admixture oceurred in patients 
receiving such transfusions through 
standard transfusion filters, which 
did not remove microaggregates. This 
inerease in Qs/Qt was directly related 
to the total microaggregate content of 
the infused blood after it had been 
filtered. I do not believe this conclu- 
sion can be denied. 


Since it is not ethically possible to 
conduct experiments in humans that 
might produce pulmonary insufficien- 
cy, and since the total quantity of 
blood infused to each patient in this 
study was relatively small, it is not 
surprising that changes of greater 
severity were not observed. These 


experiments may not demonstrate 


this mechanism to be the cause of 
posttraumatie pulmonary insufficien- 
cy; however, the minimal degree of 
the changes observed should not 
diminish their importance as a cause 
for this syndrome. 

MARTIN S. Litwin, MD 

New Orleans 


1. Brown C, Dhurandhar HN, Barrett J, et al: 
Progression and resolution of change in pulmo- 
nary function and structure due to pulmonary 
microembolism and blood transfusion. Ann Surg 
185:92-99, 1977. 


Distal Migration of Vena Cava 
Umbrella During Cardiac Massage 


Recently, umbrella filters in the 
inferior vena cava have been used to 
prevent pulmonary emboli in seriously 
ill patients. Reported complications 
include misplacement, tilting, retro- 
peritoneal hematoma, duodenal perfo- 
ration, plus dislodgement and migra- 
tion of the umbrella. To our knowl- 
edge, distal migration has been 
reported only once.' 


Report of a Case.—An 82-year-old man 
was well until Meniere's syndrome made 
him sedentary. Pulmonary embolism devel- 
oped and did not improve with heparin 
sodium therapy. A 28-mm vena cava 
umbrella filter was positioned just below 
the renal veins. Terminally, cardiac mas- 
sage was performed. An abdominal roent- 
genogram just before this showed the 
umbrella in an appropriate position. 

At autopsy, thromboemboli filled the 
pulmonary arteries. The umbrella was 
implanted by two of its six tines in the left 
iliac vein with thromboembolus above it 
and within the right iliac vein. The original 
implantation site just below the renal veins 
was defined by six short intimal tears and 
hemorrhages (Figure, short arrow) that 
correlated spatially to the six tines of the 
umbrella. Between this original site and 
the final location were two parallel linear 
lacerations of the intima (Figure, long 
arrow). Àn underlying hematoma in the 
wall indicated that movement occurred 
while blood was flowing under pressure 
and that it was not the result of postmor- 
tem manipulation. 


Comment.—This case demonstrates 
anatomic evidence of caudad migra- 
tion of an umbrella during cardiac 
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six tine-marks (short arrow). Path of migra- 
tion is marked by linear scratches and 
mural hematoma (long arrow). 


massage. This occurred presumably 
because cardiac massage results in 
higher pressure, dilation of the lumen, 
and reversed blood flow in the inferior 
vena cava. The position of an umbrella 
should always be checked roentgeno- 
graphically immediately after suc- 
cessful resuscitation. 
KATHLEEN A. WARFEL, MD 
WILLIAM F. BINKLEY, MD 
FRITZ G. WINEGARNER, MD 
Indianapolis 


1. Ray JF, Myers WO, Wenzel FJ, et al: Distal 


propulsion of vena cava umbrella by cardiac - 


massage. Chest 67:608-610, 1975. 


Treatment of Renal Failure 


To the Editor.—In the May 1978 issue 
of the ARCHIVES (113:581-858), LeVeen 
and co-workers reported their work on 


the treatment of renal failure in 


ascites secondary to hepatic, renal, 
and pancreatic disease. 

The diagnosis of hepatorenal syn- 
drome in patients with liver disease 
with azotemia and oliguria is difficult 
to make. Prerenal oliguria should be 
ruled out by a judicious trial of volume 
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expanders to determine whether the 
decreased effective intravascular vol- 
ume is the cause of oligura. The 
reported cases of LeVeen secor dary to 
liver disease or encephalopathr do not 
provide enough data regardmg the 
nature of renal disease. It is of critical 
importance in making a diagnosis to 
obtain urine osmolality, urine+o-plas- 
ma osmolality ratio, and urine=o-plas- 
ma creatinine ratio. 

In Table 2, patient 1, afte> many 
days of high urine output, the serum 
creatinine level did not change sub- 
stantially and there was no inprove- 
ment of the glomerular filtratien rate. 
This leads one to wonder if we are not, 
in fact, seeing a patient with acute 
tubular necrosis. This is also zpplica- 
ble to patients 11, 14, and 18. Ia Table 
2, the loss of weight in patients 2 and 5 
does not correspond to the increase in 
urine output. 

There have been some case reports 
of hepatorenal syndrome with recov- 
ery, but the cases are poorly docu- 
mented.' Recovery from hepatorenal 
syndrome after orthotopic liver trans- 
plant in three cases has beea thor- 
oughly investigated. Recovery from 
acute hepatorenal syndrome second- 
ary to acute fulminant hepatitis with 
intensive dialysis with conccmitant 
improvement of liver function during 
recovery phase and chemical changes 
of functional renal failure tc acute 
tubular necrosis is reported.* 

More documentation of individual 
cases regarding a definite diagnosis is 
needed before the management of 
patients can be decided. 

DARIUS SAGHAFI, MD 
IRAJ AGHDASI. MD 
Philadelphia 


1. Goldstein H, Boyle JD: Spontaneous recov- 
ery from the hepatorenal syndrome: Eeport of 
four cases. N Engl J Med 272:895-898, 2965. 

2. Imatusia S, Popovtzer MM, Cormzn JL, et 
al: Recovery from hepatorenal syndrome after 
orthotopic liver transplantation. N Ensl J Med 
289:1155-1159, 1973. 

3. Ginsberg R, Saghafi D, Popovtzer MM: 
Urinary biochemical abnormalities in patients 
recovering from renal failure associaced with 
fulminant hepatitis, abstracted. Ameri-an Soci- 
ety of Nephrology Ninth Annual Meetirz, Wash- 
ington, DC, November 1976, p 13. 


In Reply.—The BUN level is low in 
cirrhotic patients who have unzompli- 
cated ascites. Azotemia in cirrhosis 
may thus reflect a greater magnitude 
of effective circulatory volume deple- 
tion than that found in normal indi- 
viduals. The presence of spontaneous 


functional renal failure (FRF) (hepa- 
torenal syndrome) has a particularly 
ominous connotation. Contrary to the 
statement of Drs Saghafi and Aghda- 
si, the diagnosis of hepatorenal syn- 
drome is not difficult to make in 
patients with truly refractory ascites. 
Drs Saghafi and Aghdasi consider 
determination of urine osmolarity, 
urine to plasma osmolarity ratio, and 
urine to plasma creatinine ratio as 
essential measurements to determine 
the extent of renal damage in the 
FRF. These measurements are helpful 
in assessing the severity of renal 
disease but do not clearly distinguish 
FRF from acute tubular necrosis 
(ATN) In FRF, the renal tubules 
avidly reabsorb sodium from the 
glomerular filtrate displaying their 
excellent functional capacity. Urinary 
sodium concentrations, thus, remain 
less than 5 mEq/ml in contrast with 
the oliguria of ATN where urinary 
sodium of 30 to 50 mEq/liter or more 
signifies tubular damage. Therefore, 
both the urinary sodium concentration 
and the sodium clearance are of 
primary diagnostic value. With refer- 
ence to Table 2 of our paper, the 
results of all patients presenting the 
azotemia were recorded seven to ten 
days after the shunt operation. The 
discrepancy between weight loss and 
urine output in patients 2 and 5 of 
Table 1 is explained by the much 
greater diuresis encountered during 
the first few days after surgery. 

The BUN level usually decreases 
more rapidly than the plasma creati- 
nine level immediately after shunt 
installation. This can probably be 
explained as a result of the differ- 
ences in the renal handling of the two 
substances and the extent of their 
storage and formation in the body. 
The entry of ascitic fluid into the 
venous system does, however, initiate 
improvement in effective circulatory 
fluid volume with dramatic inerease in 
renal blood flow and glomerular filtra- 
tion.'* In the majority of patients 
with shunts, serum creatinine levels 
decrease gradually during the ensuing 
weeks of a successful shunt operation. 
Some patients with FRF may have 
occult renal disease. The presence of a 
renal component to the FRF does not 
detract from the value of the peritone- 
ovenous shunt in correcting refractory 
ascites in azotemic patients. Patients 
who are known to have ATN or 
patients with nephrogenic ascites 
even those without kidneys are 
drained of ascitic fluid at the time of 
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shunt placemeat and surgery is imme- 

diately followed by hemodialysis. 
JARRY H. LEVEEN, MD 
3rooklyn, NY 

l. Kinmey MJ, Wapnick S, Ahmed N, et al: 
Cirrhosis ascites and impaired renal function: 
Treatment with L-Veen-type chronic peritoneal- 
venous shunt, ir Epstein M (ed): The Kidney in 
Liver Disease. Elsevier North Holland, NY, 1978, 
pp 349-364. 

2. Kinney M., Wapnick S, Ahmed N, et al: 
Renal clearance studies in cirrhosis-ascites 
patients treated with a continuous peritoneo- 
venous shunt. Neghron, to de published. 

3. Kinney M, S-hneider A, Wapnick S, et al: 
Effect on renal Zuaction of the refractory ascites 
with a continuous »eritonea!-venous shunt. Neph- 
ron, to be published. 


Total Parenteral Nutrition in 
Post-Warren Shunt Chylous Ascites 


Attention kas been recently called 
to the serious complieation of chylous 
ascites after a distal splenorenal 
shunt. It seems that most patients 
with nonresponsive ascites after a 
distal splenor2nal shunt fall into the 
category of el-ylous ascites, the reason 
being a division of intestinal lympha- 
ties that a-e the presumed vessels 
involved in the chylous leak resulting 
in chylous asctes.* Medical therapy of 
this compliea£ion was spoken of as 
being futile, with patients doomed to 
intractable ascites for the most part 
and/or opera-ive intervention of Le- 
veene shunt. We wish to bring atten- 
tion to the fac that conservative ther- 
apy using parenteral nutrition and the 
principles of bowel rest, with the 
provision of adequate nutrition to- 
gether with diuresis, will sometimes 
result in the eorrection of this serious 
complication. 

Report of a Case.—A 43-year-old man 
underwent distal splenorenal shunt for the 
third episode o£ variceal bleeding. Ascites 
was noted on tke second postoperative day 
and became se-ere on the fifth postopera- 
tive day. On the sixth postoperative day, 
leakage of whac was clearly chylous ascitic 
fluid was noted from the wound. Fluid 
contained 385 mg/dL of triglycerides, 3.6 
g/dL of total protein, microscopic fat 
globules, and swas culture-negative. The 
patient received complete bowel rest to 
decrease the production and flow of chyle 
from the presumably divided intestinal 
lymphaties anc parenteral nutrition was 
begun at a rat» of approximately 80 g of 
amino acids syathetic solution (Freamine) 
and 2,000 ezlcries/24 hours, which was 
gradually increased with the addition of 
diuretic therapy to a total of 3,000 calories 
and 100 g of pretein per day. Subsequently, 
an elemental high-nitrogen diet was 
started by nasqgastrie tube to make up for 
the tremendous losses of protein and to 
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enable the leak to heal. Within eight days 
after the initiation of parenteral nutrition 
with the adjunctive elemental diet, the leak 
of chylous material stopped and a decrease 
in abdominal girth was noted. Administra- 
tion of parenteral nutrition and the 
elemental diet was continued for an addi- 
tional four days, during which time the 
abdominal girth stabilized. The patient 
was discharged on his 21st postoperative 
day in satisfactory condition with only 
minimal amounts of ascites. Since that 
time during a six month follow-up, he 
seems to have no difficulties and no reaccu- 
mulation of ascites. 


Comment.—We would like to sug- 
gest that in the face of severely dis- 
abiling chylous ascites, postdistal 
splenorenal shunt, a trial of bowel 
rest, and total parenteral nutrition 
should be attempted. The decrease of 
load on the intestinal lymphaties and 
the administration of as much intra- 
venous and enteral amino acids as the 
patient will tolerate to make up for 
the extensive protein losses at times 


will result in sealing of the chylous. 


leak. 
HERBERT FREUND, MD 
Davip BREWSTER, MD 
JosEF E. FISCHER, MD 
Boston 


l. Maywood BT, Goldstein L, Busuttil RW: 
Chylous ascites after a Warren shunt. Am J Surg 
135:700-702, 1978. 

2. Warren WD: Ascites and portasystemic 
shunts. Am J Surg 135:607, 1978. 


Plasma Vasopressin and Hydration 
of Surgical Patients 


To the Editor.--Haass and Glick in 
their article in the ARCHIVES (113:597- 
600, 1978), have provided some inter- 
esting data on vasopressin plasma 
levels in surgical patients before, 
during, and after operation. But their 
accurate method of assaying vaso- 
pressin concentrations was applied in 
a rather uncontrolled setting in a 
heterogenous population of patients 
undergoing a variety of procedures 
and receiving different drugs before, 
during, and after the operation. 
Sparse details of fluid management 
were given and only a superficial 
attempt was made to correlate the 
large swings and individual variations 
of vasopressin levels with clinical 
events. 

The authors conceded that the 
increase in vasopressin was probably 
unrelated to the state of hydration. It 
is, therefore, not apparent how their 
data lead them to their admonition 


regarding “the importance of avoid- 
ance of overly zealous hydration.” 
Obviously, overzeal is not a desired 
attribute in any form of therapy, but 
this admonition may be miscontrued 
as advice to underhydrate surgical 
patients. If oliguria in a surgical 
patient (who does not have renal, 
hepatic, or cardiac disease) is inter- 
preted as being obligatory and due to 
a neurogenic elevation of plasma vaso- 
pressin concentration, then some pa- 
tients may go from extrarenal to renal 
oliguria. Thompson et al' have shown 
that adequate replacement of extra- 
cellular volume prevents oliguria in 
major operations, and this has been 
our experience as well. We believe 
that the authors’ conclusions regard- 
ing the amount of hydration desirable 
in patients undergoing surgery should 
be supported by a more controlled 
study. To this end the radioimmunoas- 
say they used is admirably suited. 
RAPHAEL ADAR, MD 
Tel-Hashomer, Israel 


1. Thompson JE, Vollman RW, Austin DJ, et 
al: Prevention of hypotensive and renal complica- 
tions of aortic surgery using balanced salt solu- 
tion. Ann Surg 158:70-76, 1968. 


In Reply.—It is difficult to understand 
how Dr Adar misinterpreted our arti- 
cle. Oliguria, in any clinical setting, 
can obviously have numerous and 
varying causes. We are aware of the 
data cited by Dr Adar on the impor- 
tance of volume replacement in pre- 
venting oliguria, and neither stated 
nor implied that all, or even most, 
postoperative oliguria was caused by 
excess secretion of vasopressin. What 
we said was that the perioperative 
period is associated with vasopressin 
excess in the blood, and that attempts 
to give large volumes of fluid to over- 
come oliguria must take into account 
these physiologic data. Fluid adminis- 
tration may increase urine volume 
somewhat, but the vasopressin-stimu- 
lated kidney cannot dilute maximally, 
and hypoosmolality may result from 
“over zealous” treatment. 

In our series where no fluid loading 
was attempted, plasma osmolality 
decreased on the first postoperative 
day. Sinnatamby et al' have reported 
that fluid loading intraoperatively in 
the face of high urinary vasopressin 
levels failed to lower urinary vaso- 
pressin, reduced urine osmolality only 
to 488 mOsm/kg (grossly elevated in 
the face of fluid loading and a lowered 
plasma osmolality) and reduced plas- 
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ma osmolality to 269 mOsm/kg— 
distinctly abnormal. 
SEYMOUR M. GLick, MD 
Beer-Sheba, Israel 


l. Sinnatamby C, Edwards CRW, Kitau M, et 
al: Antidiuretic hormone response to high and 
conservative fluid regimes in patients undergo- 
ing operation. Surg Gynecol Obstet 139:715-719, 
1974. 


Radial-Cephalic Arteriovenous 
Fistula Technique 


The radial artery-cephalic vein ar- 
teriovenous fistula is commonly used 
to provide circulatory access in pa- 
tients on chronic hemodialysis. The 
technique described here emphasizes 
the value of using two longitudinal 
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Figure 1. 





Figure 2. 


346 Arch Surg—Vol 114, March 1979 





incisions (Fig 1, 1) instead of one 
transverse incision. 

Under local anesthesia, an incision 
is first made along the course of the 
cephalic vein at the wrist. The tribu- 
taries of the vein are ligated with No. 
4-0 silk and divided. This allows 
complete mobilization of the distal 4 
to 5 cm of the cephalic vein. The end of 
the vein is cannulated with a horsely 
needle and distended with heparinized 
Ringer’s lactate solution, while the 
proximal vein is compressed (Fig 1, 2). 
If the vein distends well and there is 
minimal resistance to infusion of 
fluid, the procedure is continued. The 
radial artery is exposed through a 
separate incision and the enc of the 
vein is brought through a smal subcu- 
taneous tunnel (Fig 2, 3). An anasto- 
mosis is performed between -he end 
of the vein and the side of the artery 
(Fig 2, 4). 

The use of two incisions makes it 
possible to fully expose and mobilize 
the artery and vein. The anas:omosis 
of these small vessels can then be 
performed under maximum control 
and exposure. We recommead this 
approach over the use of a single 
transverse incision through which 
exposure is limited. 

FRANK W. LoGERFo, MD 
RoBERT C. Davis, MD 
Boston 


infectious Mononucleosis 


To the Editor.—Infectious mononu- 
cleosis is a common infection of 
adolescent and young adults, and 
rupture of the spleen is certaialy one 
of the feared complications of this 
illness. It was, therefore, with interest 
that I read Dr Rutkow's article in the 
ARCHIVES (113:718-720, 1978). le rec- 
ommended that "full normal activities 
not be resumed for two tc three 
months by the nonathletic and for six 
months by the athlete," regardless of 
the clinical hematologic and serologi- 
cal recovery. 

It would be important that Dr 
Rutkow give data to suppert his 
recommendations from a “critical 
review” of the literature. Although 
the discussion part of his ar-icle is 
very good, and he quoted the evidence 
that "it takes from 14 to 28 days for 
the capsular and trabecular changes to 
progress sufficiently to perm rup- 
ture," the following questions reed to 
be answered before one would accept 
his recommendations: From -he re- 


view of the literature, what is the 
mean interval between onset of illness 
and splenic rupture? What was the 
longest interval reported? What per- 
centage of splenic rupture occurred 
between two to three morths? Be- 
tween four to six months? Has splenic 
rupture ever been described in a 
patient who recovered from infectious 
mononucleosis and in whom spleno- 
megaly was no longer detectable clini- 
cally? | 

Most physicians would agree that 
patients with infectious mononucleo- 
sis should limit their activities. Guide- 
lines and criteria are lacking for the 
degree and duration of the restric- 
tions. It would seem that six months 
of exclusion of intercollegiate sports 
activities for an athletic teenager or 
adult may be an unbearable period. I 
would gratefully accept Dr Rutkow’s 
recommendations if he would give us 


. the answers to the above questions. 


CHINH LE, MD 
Sacramento, Calif 


In Reply.—The response to my article 
on rupture of the spleen in infectious 
mononucleosis raises some important 
points, however, the report never 
intended to provide answers -o any of 
the queries that Dr Le poses. I 
attempted to determine if true spon- 
taneous rupture of the spleen, in a 
patient with infectious mononucleosis, 
is as common a clinical condition as is 
taught. In reviewing the world’s liter- 
ature, I found it to be a relatively rare 
event. It is correct that I did recom- 
mend, regardless of clinical, hemato- 
logic, and serological recovery from 
infectious mononucleosis, that full 
normal activities not be resumed for a 
two- to three-month period by the 
nonathlete and that the athlete have a 
six-month activity-free period pre- 
scribed. This, however, was stated as 
an opinion, and by definition that is a 
belief not necessarily based on abso- 
lute certainty or positive knowledge 
but on what seems proper to one’s own 
mind. 

Since Dr Le has asked some impor- 
tant questions, I will attempt to 
address them as best possiole. The 
mean interval between onset of illness 
and splenic rupture is in the period of 
three to four weeks. However, this is 
an imprecise figure because the exact 
time of onset of the clinical illness is 
not mentioned in many of the case 
reports. In addition, a substantial 
number of cases were d-agnosed 
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secondary to the patient’s presenta- 
tion with a rapturec spleen. These 
patient would not report any clinical 
symptoms of nfectious mononucleo- 
sis, and the ciagnosis was entirely 
_ hematologic ard serological in nature. 
It is to be expected that there are no 
case reports cf splenic rupture in a 
patient whe recovered from this 
disease process and in whom splen- 
omegaly was no longer detectable 
clinically. The very presence of an 
enlarged spleen would tend to indicate 
that full recevery from infectious 
mononucleosis had not occurred. 
Further, if a patient with a splenic 
rupture had a subclinieal case of infec- 
tious mononueleosis, how would re- 
trospective znalysis distinguish such 
an individua? 

I am uncertain as to whether these 
explanations provide Dr Le with satis- 
factory information. However, as epi- 
demiologists provide more data which 
associate the asplenic state with a 
characteristiz syndrome of fulminant, 
overwhelming infection, at times end- 
ing in death, I believe it best that my 
guidelines for activity restriction be 
followed. I woald think that the possi- 
bility of a rapturec spleen, which 
might have been avoided, and the 
attendant risks of the asplenic state 
would be less attractive than the 
seemingly un>dearable period of six 
months exclus on from strenuous ath- 
letic endeavors. 
T IRA M. RutKow, MD, MPH 

Bal-imore 


Surgeon's Role in Patient Care 


To the Editor._As an internist- 
gastroenteral@ist associated with 
two local community hospitals, I read 
Dr Ben Eiseman’s editorial in the 
ARCHIVES (11—:917-913, 1978) regard- 
ing usurpatior of the surgeon’s role in 
patient care vith much interest but 
with considerebly less sympathy. 
Unfortunately, the "busy" surgeons 
in both the vmiversizy-affiliated and 
the nonaffiliated hospital show little 
more than perfunetory interest in 
preoperative work-up and/er postop- 
erative care. Ia the teaching hospital, 
these tasks are relegated to the 
harried surg-cal resident who seems to 
care little and is supervised even less. 
In the community hospital the sur- 
geon seems inelined to focusthis atten- 
tion on “mejer” (eg, surgieal) prob- 
lems and to ninimize, if not ignore, 
ancillary diso7ders. Thus, postopera- 
tively, when things go awry (usually 
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at 2 AM), he orders the intensive care 
nurse to "call the internist since it's a 
medical problem." Like most of my 
medical colleagues, I have a myriad of 
"case reports" to offer as examples. 
When the millenium arrives and I 

become emperor, my first edict will be 
to restrict the surgeons to operative 
procedures, proclaiming that in the 
preoperative and postoperative peri- 
ods, "They also serve, who but stand 
and wait" (with all due respect to John 
Milton). 

LEE SATALINE, MD 

Cheshire, Conn 


Pseudolymphoma in Renal 
Allograft Recipients 


To the Editor.—There is a spectrum of 
lymphoproliferative disorders rang- 
ing from atypical hyperplasia to frank 
lymphoma. At times, the histologic 
picture may be very confusing and the 
pathologist may have great difficulty 
in categorizing a lesion.' This problem 
is compounded in organ transplant 
recipients whose lymphoid tissues are 
exposed to a variety of antigenic stim- 
uli from the histocompatibility anti- 
gens of the allograft, heterologous 
antilymphocyte globulin, a broad spec- 
trum of infectious agents, and a 
considerable number of medications. 
By far, the most important lympho- 
proliferative disorder seen in these 
patients, is malignant lymphoma, 
which comprises 33% of the malignant 
neoplasms that occur so commonly 
after transplantation. However, a 
number of lymphoproliferative disor- 
ders may be mistaken for lymphomas 
in transplant recipients. 

The article entitled "Pseudolympho- 
ma in Renal Allograft Recipients" by 
Geis et al in the AncHIVES (113:461- 
466, 1978) draws attention to one such 
condition. This has histologic features 
of a non-Hodgkin's malignant lym- 
phoma, but with a benign course lead- 
ing to complete regression of lesions 
and apparently representing a severe 
immunoblastic response to therapy 
with a potent antithymocyte gle:.-ilin 
preparation. The histologic app--*- 
ances are not completely surprising it: 
view of the finding that administra- 
tion of antilymphocyte serum to 
animals results:in the replacement of 
small lymphocytes in lymphoid tissues 
by large numbers of actively dividing 
large and medium sized pyronino- 
philic blast cells.? 

Other disorders that may mimic 
lymphoma include immunoblastic 


lymphadenopathy,‘ lymphomatoid 


granulomatosis,’ atypical reactions to . 


the Epstein-Barr virus,’ and toxoplas- 
mosis.’ In addition, phenytoin (Dilan- 
tin), which is used to control seizure 
disorders in dialysis and renal trans- 
plant patients, may cause pseudolym- 
phomas and even lymphomas." 

The article by Geis et al serves a 
very useful purpose in emphasizing 
that not all lymphoproliferative le- 
sions in transplant patients are lym- 
phomas. Careful evaluation of the 
clinical features, drug therapy, and 
performance of viral, fungal, sero- 
logic, histologic, histochemical, and 
other tests are necessary to make the 
correct diagnosis. 

Attention should be drawn to an 
error in Table 5. The authors imply 
that all non-Hodgkin’s lymphomas in 
transplant patients are of the diffuse 
histiocytic type (reticulum cell sarco- 
ma). This is not true. Of 147 non- 
Hodgkin’s lymphomas reported to the 
Denver Transplant Tumor Registry, 
93 (63%) were reticulum cell sarcomas, 
20 (14%) were Kaposi’s sarcomas, 17 
were not classified as to type, 10 (7%) 
were lymphosarcomas, four (3%) were 
plasma cell lymphomas, two were 
labeled lymphoreticular tumors, and 
one was a histiocytic reticulosis.' 
Hodgkin’s disease is the most common 
type of lymphoma in the general 
population, whereas it is distinctly 
rare in transplant patients in whom it 
comprises only 2% of the lympho- 
mas.* 

ISRAEL PENN, MD 
Denver 


l. Case records of the Massachusetts General 
Hospital: Case 30-1977. N Engl J Med 297:206- 
211, 1977. 

2. Penn I: Tumor incidence in human allograft 
recipients. Transplant Proc, to be published. 

3. Iwasaki Y, Porter KA, Amend JR, et al: The 
preparation and testing of horse antidog and 
antihuman antilymphoid plasma or serum and its 
protein fractions. Surg Gynecol Obstet 124:1-24, 
1967. 

4. Lukes RJ, Tindle BH: Immunoblastic 
lymphadenopathy: A hyperimmune entity resem- 
bling Hodgkin’s disease. N Engl J Med 292:1-8, 
1975. 

5. Hammar S, Mennemeyer R: Lymphomatoid 
granulomatosis in a renal transplant recipient. 
Hum Pathol 7:111-116, 1976. 

6. Hertel BF, Matas AJ, Dehner LP, et al: 
Lymphoproliferative disorders in organ trans- 
plant recipients, abstracted. Proceedings of the 
third annual meeting of the American Society of 
Transplant Surgeons. Chicago, June 2-4, 1977. 

7. Kayhoe DE, Jacobs L, Beye HK, et al: 
Acquired toxoplasmosis: Observations on two 
parasitologically proved cases treated with pyri- 
methamine and triple sulfonamides. N Engl J 
Med 257:1247-1254, 1957. 

8. Is phenytoin carcinogenic? editorial. Lancet 
2:1071-1072, 1971. 
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Calendar of Events 


1979 


March 


Central Surgical Association, Omaha, March 
1-3. Sec: Robert J. Freeark, MD, 2160 S First 
Ave, Maywood, IL 60153. 

Southeastern Surgical Congress, Americana 
Hotel, Bal Harbour, Fla, March 18-22. Sec-Dir: 
A. H. Letton, MD, 315 Boulevard NE, Atlanta, 
GA 30312. 

American Pediatric Surgical Association, Los 
Angeles, March 25-28. Sec: James A. O'Neill, 
MD, Vanderbilt University School of Medicine, 
Nashville, TN 37232. 

Society of Neurological Surgeons, San Antonio, 
Tex, March 29-31. For information contact 
James Story, University of Texas Health 
Sciences Center, San Antonio, TX 78284. 
Limited to members and invited guests. 


April 


American College of Surgeons Spring Meeting, 
Denver, April 2-5. Contact: E. W. Gerish, MD, 
ACS office, 55 E Erie St, Chicago, IL 60611. 

American Bronchoesophagological Associa- 
tion, Century Plaza Hotel, Los Angeles, April 
3-4. Sec: L. W. Pratt, MD, 37 Lawrence Ave, 
Fairfield, ME 04937. 

American Society for Artificial Internal Organs, 
New York Hilton, New York, April 19-21. Exec 
Dir: Ms K. K. Burke, PO Box 777, Boca Raton, 
FL 33432. 

American Association of Neurological Sur- 
geons, Century Plaza Hotel, Los Angeles, April 
22-26. Exec Dir: Carl H. Hauber, 625 N Michi- 
gan Ave, Chicago, IL 60611. 

Southwestern Surgical Congress, Caesars Pal- 
ace Hotel, Las Vegas, April 23-26. Sec: J. A. 
Barney, MD, 708 Physicians & Surgeons Bldg, 
Oklahoma City, OK 73101. 

American Surgical Association, White Sulphur 
Springs, WVa, April 25-27. Sec: J. V. Maloney, 
MD, UCLA School of Medicine, Los Angeles, 
CA 90024. Limited to members and invited 
guests. 


International Symposium of Facial, Plastic and 
Reconstructive Surgery, New Orleans, April 
29-May 4. Contact the secretary, M. E. Tardy, 
Jr, MD, 2700 Lakeshore Dr, Chicago, IL 
60657. 


American Association of Plastic Surgeons, The 

. Breakers, Palm Beach, Fla, April 29-May 2. 
Contact: M. S. Turkiewicz, MD, 25 Prescott St 
NE, Atlanta, GA 30308. 

American Association for Thoracic Surgery, 
Boston, April 30-May 2. Exec Sec: W. T. 
Maloney, 6 Beacon St, Boston, MA 02108. 
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May 


American Urologic Association, New York, May 
13-17. Exec Sec: Richard J. Hannigan, 1120 N 
Charles St, Baltimore, MD 21201. 

Society for Surgery of the Alimentary ~ract, New 
Orleans, May 22-23. Sec: Larry C. Carey, MD, 
Ohio State University, 410 W 10th Ave, Colum- 
bus. OH 43210. 


. Neurosurgical Society of America, White Sul- 


phur Springs, WVA, May 23-26. Sec: James 
Story, MD, University of Texes Health 
Sciences Center, San Antonio, TX 78284. 


June 


American Society of Colon and Rectal Sur- 
geons, Hyatt Regency Hotel, Atlenta, June 
10-14. Contact the administrative secretary, H. 
Gibson, 615 Griswold, Suite 516, Detroit, MI 
48226. 


American Orthopaedic  Associaticn, Doral 
Beach, Puerto Rico, June 18-21. Ses: Richard 
E. King, MD, 444 N Michigan Ave, Cnicago, IL 
60611. 

Society for Vascular Surgery, Oprylend Hotel, 
Nashville, Tenn, June 28-29. 

International Cardiovascular Society, Opryland 
Hotel, Nashville, Tenn, June 29-30. Sec: 
William Fry, MD, 5323 Harry Hines Blvd, 
Dallas, TX 75235. 


September 


American Association for the Surgery of Trau- 
ma, Sept 13-15, Drake Hotel, Chicago. 


October 


American Society for Plastic and Reconstruc- 
tive Surgery, Oct 7-12, Toronto Contact 
ASPRS Executive Office, 29 E Madison, Suite 
800, Chicago, IL 60602. 

American Society of Anesthesiolocists, San 
Francisco, Oct 20-24. Contact the executive 
secretary, J. W. Andes, 515 Busse 4wy, Park 
Ridge, IL 60068. 

American College of Surgeons, Cct 22-26, 
Chicago. Contact Edwin Gerrish, MD, ACS, 55 
E Erie St, Chicago, IL 60611. 


November 


American College of Chest Physicians, Nov 4-8, 
Houston. Contact ACCP, 911 Busse Hwy, Park 
Ridge, IL 60068 

Western Surgical Association, Nov T1-14, The 
Broadmoor, Colorado Springs, Cole. Contact 
Secretary Paul Hodgson, MD, Uriversity of 
Nebraska, Omaha, NE 68105. 


Calendar ef Events 


INDEX TO ADVERTISERS 


A 


American Cystoscope Makers, Inc. .. 235 
Avicon 338-339 


Becton, Dickinson & Co. ............ 264-265 
Bristol Laboratories .... 258-259, 313-316 
Burroughs Wellcome Company 


Endo Laboratories 


Gore, W.L., & Associates 
L 
Lilly, Ei, & Company 
M 


MeNeil Laboratories 
Mead Johnson 
Pharmaceutical Div. ............ 4th Cover 


Narco Pilling 3rd Cover 
Oxford University Press 
P 


Pfizer Laboratories 236-238 
PSG Publishing Company, Inc. ........ 325 


R 


Roche 
Laboratories .. 2nd Cover-230, 340-342 


S 


Schering Corporation 
Surgikos 
A Johnson & Johnson 
Company 


Upjohn Company 


While every precaution is taken to insure accuracy, 
we cannot guarantee against the possibility of an 
occasional haute or omission in the preparation of 
this inde. 





ma s 
Wita less 


— 


TY) 


O 
D 


Qu ? N O 


elow your 


) 
} 


a 
for instil ation of fluids. Our b 


m on m' 1 jc 
other bronchofiberscopes 
wish they had. 


PARERS are yours: 


one control — Pilling instruments are 

for ortcble to hendie, [n the illustration above, the 
jerator's hand is relaxed — as yours would be. 
effort less hand fatigue, you have precise 
] of the instrument, including more delicate 

nt of the distal end by the slightest rotation 
The suction control is immediately 
incex finger. The distal end lock is 
'cessikle. 


^0 ma 
lana 


ATC 
JVemne 


You I ake! II mb. 


Y 
4 


isly a 
-ultaneous suctioning/specimen collection 
onvenisnce — Apply suction and secure a 
xecim.en at the same time. Built-in suction control 
res access to the operating channel for 


SuUTEeswciear’ ( 
ology bus: h and forceps and luer-lock syringe 


a 


Íc ronchofiberscope 
doesn : have eM tubes that come up in your 
face or tail down the light cable as found on 
convent onal bronchofiberscopes. 

Faster safer, simplified biopsy procedures — 
Locate cn abnorr Du Immediately collect 
specimens. You don't have to withdraw the 
instrument. E the large specimen biopsy forceps 


cytelogy kn 


sh supplied pass through the 
the distal end is deflected. 


{ 
J es 


^ 
runent wnen 





e optics — In actua 


Br | compare € 3 
quality is noticeably superior to conventiona 
bronchofiberscopes. We can prove it to you. 


Pilling puts advanced fiber optics te ol 
within easy reach — both in choosing O an 
instrument matching your specific application a 
in providing complete follow-up service. ' 
to send you full spacon ions on the scopes that 
can enhance your practice. Cc pio us | dire t. Well 
show you how and why Pilling « lo more for 
you in satisfying your needs. 


Call toll free. Ask for Pilling s 
bronchotibers copes an 
superior ity. 


800-523-6507 


215-643-2600 in Pennsylvc nie x or writ 
Mr. William Taylor at the a« 


<> NARCO PILLING 


A Division of Narco Scientific 


Delaware Drive 
Fort Washington, PA 19034 U.S.A. 


lates TT by] 


~ iA 7 9 
JCIIUICS l 
CNITA V 1 
ot a YT16C70€1 
AA ODUCT 


q proof 


ir Tess below. 


DA ac 


S ae 
sur t) PARE 

















New insights on 
mind-body 
relationships 


and the : 
ost-operative 
atien 





















New respect for mind-body interaction 


For the post-op patient, stress and anxiety are 
normal reactions to the challenges faced in the 
new environment. In the critical care unit, physi- 
cians and nurses who routinely evaluate cardiovas- 
cular, renal and pulmonary function are develop- 
ing a new respect for the mind-body relationship 
in all illnesses. * In this setting the patient's pre- 
vious life experiences and coping style serve as the 
basis for planning and implementing treatment 
programs. 


The physiological basis of fear and tension 


Acccrding to one theory, reactions to environ- 
men:al challenge are influenced by brain centers 
organized through reciprocally balanced systems 
called trophotropic and ergotropic. * 
The overwhelming fear reaction is 
a good example of trophotropic 
ominance, wherein this 
“no-go” system prepares the 
patient for withdrawal and 
conservation of energy. 
Sustained tension reveals 
dominance by the 
à ergotropic system, 





the “go” system integrating functions that prepare 
the individual far positive action. 


The effects cf high levels of CNS stimulation 


At high degrees of CNS arousal, patients experi- 
ence either maladaptive and sustained anxiety or 
anxious aad agi-ated depression. These crises re- 
flect simultaneous rs UR (approach) and 
trophotrooic (avoidance) ischarge." 


How post-op patients can benefit from 
Valium (diazepam) 
Major surgery is almost always severely stressful, 
from both psychological and physiological eil 
of view. The use of psychoactive drugs is often an 
important means by which physicians can make 
the situation more tolerable for the patient. 
Valium is an excellent choice. It works effec- 
tively to calm the tense, overanxious patient and 
to reduce his anxiety to more manageable levels. 


Rehabilitation can start sooner 
if the post-op patient feels anxious and 
M. fearful it might be difficult to 
ze. initiate rehabilitation. The 
.  psychotherapeutic 











ALIUM 


(diazepam) 


5 mg/ml 


effect of Valium (diazepam) can help because it's 
so prompt: quite often the patient experiences sig- 
nificant relief of emotional distress during the first 
few days of therapy and is, therefore, ready that 
much sooner to take a more active part in his own 
recovery. 


A dosage regimen for every need 


Available in three tablet strengths and injectable 
form, Valium allows you to set, adjust and 
readjust dosage to gain optimum response. The 
2-mg strength one or two a day is appropriate for 
milder symptoms and for geriatric patients; 5 mg 
b.i.d. or t.i.d. for moderate symptoms; and 10 mg 
b.i.d. or t.i.d. for the more severe. And because 
it's supplied in scored tablets, dosages of Valium 
are easily increased vivent + on the patient's 
individual and changing neeas. 

It’s often helpful to add an h.s. dose to a b. i.d. 
or t.i.d. regimen if the patient's anxiety worsens at 
bedtime. Valium can reduce these symptoms and 
encourage sleep. Of course, therapy with Valium 
should be discontinued when symptoms have 
been reduced to tolerable levels. 

In recommended doses, Valium is relatively 
safe and well tolerated. Adverse reactions more seri- 
ous than drowsiness, fatigue and ataxia are rare. 

When the post-surgical patient returns home, 
oral Valium can continue to reduce any excessive 
anxiety which may be interfering with recovery, 
rehabilitation and return to normal activities. 


*For more details on the mind-body relationship, refer to Kiely WF: 
JAMA 235(25):2759-2761, June 21, 1976. 

*As reported in animal studies by Hess WR: The Functional Organ- 
ization at the Diencephalon, New York, Grune & Stratton Inc., 1958, 
and expanded by Kiely WF (see reference above). 
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Tel-E-Dose" Reverse-Number Packs 
2-ml Tel-E-Ject* disposable syringes 
2-ml ampuls 
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for a response you know, 
want and trust 


Before prescribing, please see following page for a summary of product information. 
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Before prescribing, please consult complete product information, a summary of 
which follows: 
Indications: Tension and anxiety states; somatic complaints which are concomi- 
tants of emotional factors; psychoneurotic states manifested by tension, anxiety, 
apprehension, fatigue, depressive symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute delirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunctively in: relief of skeletal muscle spasm due to 
reflex spasm to local pathology; spasticity caused by upper motor neuron disorders; 
athetosis; stiff-man syndrome. Oral form may be used adjunctively in convulsive 
disorders, but not as sole therapy. /njectable form may also be used adjunctively in: 
status epilepticus; severe recurrent seizures; tetanus; anxiety, tension or acute 
stress reactions prior to endoscopic/surgical procedures; cardioversion. 
The effectiveness of Valium (diazepam) in long-term use, that is, more than 4 
months, has not been assessed by systematic clinical studies. The physician 
should periodically reassess the usefulness of the drug for the individual patient. 
Contraindications: Tablets in children under 6 months of age; known hypersensi- 
tivity; acute narrow angle glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: As with most CNS-acting drugs, caution against hazardous occupations 
requiring complete mental alertness (e.g., operating machinery, driving). With- 
drawal symptoms (similar to those with barbiturates, alcohol) have occurred follow- 
ing abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, vomit- 
ing, sweating). Keep addiction-prone individuals (drug addicts or alcoholics) under 
careful surveillance because of predisposition to habituation/dependence. 

Usage in Pregnancy: Use of minor tranquilizers during first trimester 

should almost always be avoided because of increased risk of congenital 

malformations, as suggested in several studies. Consider possibility of 

pregnancy when instituting therapy; advise patients to discuss therapy 

if they intend to or do become pregnant. 
ORAL: Advise patients against simultaneous ingestion of alcohol and other CNS 
depressants. i 
Not of value in treatment of psychotic patients; should not be employed in lieu of 
appropriate treatment. When using oral form adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand mal seizures may re- 
quire increase in dosage of standard anticonvulsant medication; abrupt withdrawal 
in such cases may be associated with temporary increase in frequency and/or 
severity of seizures. 
INJECTABLE: To reduce the possibility of venous thrombosis, phlebitis, local irrita- 
tion, swelling, and, rarely, vascular impairment when used I .V.: inject slowly, taking 
at least one minute for each 5 mg (1 ml) given; do not use small veins, i.e., dorsum 
of hand or wrist; use extreme care to avoid intra-arterial administration or extravasa- 
tion. Do not mix or dilute Valium with other solutions or drugs in syringe or infusion 
flask. If it is not feasible to administer Valium directly IV., it may be injected slowly 
through the infusion tubing as close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, those with limited pulmonary re- 
serve because of possibility of apnea and/or cardiac arrest; concomitant use of 
barbiturates, alcohol or other CNS depressants increases depression with increased 
risk of apnea; have resuscitative facilities available. When used with narcotic 
analgesic eliminate or reduce narcotic dosage at least 1/3, administer in small 
increments. Should not be administered to patients in shock, coma, acute alcoholic 
intoxication with depression of vital signs. 
Has precipitated tonic status epilepticus in patients treated for petit mal status or 
petit mal variant status. 
Withdrawal symptoms (similar to those with barbiturates, alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, 


vomiting, sweating). Keep addiction-prone individuals under careful surveillance 


—. because of predisposition to habituation/dependence. Not recommended for OB 





JJ. use. 
-  Efficacy/safety not established in neonates (age 30 days or less); prolonged CNS 


depression observed. In children, give slowly (up to 0.25 mg/kg over 3 minutes) to 
avoid apnea or prolonged somnolence; can be repeated after 15 to 30 minutes. If no 
relief after third administration, appropriate adjunctive therapy is recommended. 
Precautions: If combined with other psychotropics or anticonvulsants, carefully 
consider individual pharmacologic effects— particularly with known compounds 
which may potentiate action of Valium (diazepam), /.e., phenothiazines, narcotics, 
barbiturates, MAO inhibitors and antidepressants. Protective measures indicated in 
highly anxious patients with accompanying depression who may have suicidal ten- 
dencies. Observe usual precautions in impaired hepatic function; avoid accumula- 
tion in patients with compromised kidney function. Limit oral dosage to smallest 
effective amount in elderly and debilitated to preclude ataxia or oversedation (ini- 
tially 2 to 2% mg once or twice daily, increasing gradually as needed or tolerated). 


5 mg/ml 


2-mg, 5-mg, IO-mg scored tablets 
Tel-E-Dose* Reverse-Number Packs 
2-ml Tel-E-Ject^disposable syringes 
2-ml ampuls | 

IO-ml vials 


INJECTABLE Although promptly controlled, seizures may return; reaaminister if 
necessary; not recommended for long-term maintenance therapy. Laryngospasm/ 
increased cough reflex are possible during peroral endoscopic procedures; use 


l topical anesthetic, have necessary countermeasures available. Hypotension or 


muscular weakness possible, particularly when used with narcotics. barbiturates or 
alcohol. Use lower doses (2 to 5 mg) for elderly/debilitated. 
Adverse Reactions: Side effects most commonly reported were drowsiness, fatigue, 
ataxia. Infrequently encountered were confusion, constipation, depression, dip- 
lopia, dysarthria, headache, hypotension, incontinence, jaundice, c7anges,in 
libido, nausea, changes in salivation, skin rash, slurred speech, tremor, urinary 
retention, vertigo, blurred vision. Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spasticity, insomnia, rage, sleep 
ee and stimulation have been reported; should these occur, discontinue 
rug. 
Because of ‘solated reports of neutropenia and jaundice, periodic blood counts, 
liver functiom tests advisable during long-term therapy. Minor changes in EEG pat- 
terns, usually low-voltage fast activity, have been observed in patients during and 
after Valium (diazepam) therapy and are of no known significance. 
INJECTABLE: venous thrombosis/phlebitis at injection site, hypoactivity syncope, 
bradycardia, cardiovascular collapse, nystagmus, urticaria, hiccups, neutropenia. 
In peroral erdoscopic procedures, coughing, depressed respiration, dyspnea, 
hyperventilation, laryngospasm/pain in throat or chest have been reported. 
Dosage: Individualized for maximum beneficial effect. 
ORAL—Adults: Tension, anxiety, psychoneurotic states, 2 to 10 mg b./ d. to q.i.d.; 
acute alcohc: withdrawal, 10 mg t.i.d. or q.i.d. in first 24 hours, then & mg t.i.d. or 
q.i.d. as needed; adjunctively in skeletal muscle spasm, 2 to 10 mg t.rd. or q./.d.; 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to g.i.d. Geriatric or debilitated 
patients: 2 tc 2V» mg 1 or 2 times daily initially, increasing as needed end tolerated. 
(See Precautions.) Children: 1 to 2V» mg t.i.d. or q.i.d. initially, increas ng as needed 
and toleratec (not for use under 6 months). 
INJECTABLE: Usual initial dose in older children and adults is 2 to 20 mg I.M. or I.V., 
depending or indication and severity. Larger doses may be required in some condi- 
tions (tetanus). In acute conditions injection may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is usually satisfactory. Lower doses (usvally 2 to 5 
mg) with slow dosage increase for elderly or debilitated patients and when sedative 
drugs are adced. (See Warnings and Adverse Reactions.) 
For dosages in infants and children see below; have resuscitative facilities available. 
I.M. use: by ceep injection into the muscle. 
IV. use: inject slowly, take at least one minute for each 5 mg (1 ml) given. Do not use 
small veins, i.2., dorsum of hand or wrist. Use extreme care to avoid intra-arterial 
administratior or extravasation. Do not mix or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasible to administer Valium directly 
LV., it may be«injected slowly through the infusion tubing as close as possible to the 
vein insertion. 
Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and severe psychoneu- 
rotic reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if necessary; acute 
alcoholic withdrawal, 10 mg I.M. or I. V. initially then 5 to 10 mg in 3 to £ hours if 
necessary. Muscle spasm, in adults, 5 to 10 mg I.M. or I.V. initially, them 5 to 10 mg 
in 3 to 4 hours if necessary (tetanus may require larger doses); inciden adminis- 
ter I.V. slowly; ‘or tetanus in infants over 30 days of age, 1 to 2 mg I.M. or I.V., repeat 
every 3 to 4 hours if necessary; in children 5. 5 years or older, 5 to 10 mg -epeated 
every 3 to 4 heurs as needed. Respiratory assistance should be available. 
Status epilepticus, severe recurrent convulsive seizures (l.V. route preferred), 5 to 10 
mg adult dose-administered slowly, repeat at 10- to 15-minute intervals up to 30 mg 
maximum. Repeat in 2 to 4 hours if necessary keeping in mind possibi ity of 
residual active metabolites. Use caution in presence of chronic lung disease or 


unstable cardiovascular status. Infants (over 30 days) and children (under 5 years), 





. 0.2 to 0.5 mg slowly every 2 to 5 min., up to 5 mg (I.V. preferred). Chilaren 5 years 


plus, 1 mg every 2 to 5 min., up to 10 mg (slow I.V. preferred); repeat in 2 to 4 hours 
if needed. EEG monitoring may be helpful. 

In endoscopic procedures, titrate I.V. dosage to desired sedative resporse, generally 
10 mg or less but up to 20 mg (if narcotics are omitted) immediately prior to 
procedure; if I. V. cannot be used, 5 to 10 mg I.M. approximately 30 minutes prior to 
procedure. As preoperative medication, 10 mg |.M.; in cardioversion, 5:0 15 mg I.V. 
within 5 to 10 minutes prior to procedure. Once acute symptomatology nas been 
properly contralled with injectable form, patient may be placed on oral “orm if 
further treatment is required. 

Management cf Overdosage: Manifestations include somnolence, confusion, 
coma, diminished reflexes. Monitor respiration, pulse, blood pressure; employ gen- 
eral supportive measures, |.V. fluids, adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg, bottles of 100 and 500; Tel-E-Dose® (unit 
dose) packages of 100, available in trays of 4 reverse-numbered boxes of 25, and in 
boxes containing 10 strips of 10; Prescription Paks of 50, available singly and in 
trays of 10. Amouls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Jec** (dispos- 
able syringes), 2 ml, boxes of 10. Each ml contains 5 mg diazepam, compounded 
with 40% propylene glycol, 10% ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as preservative. 
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Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections. including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae). Haemophilus influenzae. 
Klebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing). beta-hemolytic streptococci. and Proteus 
mirabilis , 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species. Klebsiella 
species, group D streptococci (Note: Most enterococci, e.g.. S. faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus (penicillinaseand non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicillinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci). H. influenzae. E. coli, Enterobacter species, and P mirabilis 

Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females. lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis areresistant 
in vitro; however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly 

In certain cases of confirmed or suspected gram-positive or gram-negative 
sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified. Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending ontheseverity oftheinfection and the patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days 


Contraindication: Mandol is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS. 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics 
(with resülting prolongation of drug half-life) has been reported 


Precautions: Although Mandol rarely produces alteration in kidney function. 
evaluation of renal status is recommended, especially in seriously ill patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should be taken 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling's solution or with Clinitest" tablets but not with Tes-Tape* (Glucose 
Enzymatic Test Strip. USP. Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 


. not been established. 


Usage in Infancy— Mandol has been effectively used in this age group. but 
all laboratory parameters have not been extensively studied in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 
ministered to infants, the physician should determine if the potential benefits 
outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosino- 

philia, and drug fever have been reported. These reactions are more likely to 

occur in patients with a history of allergy. particularly to penicillin. 
Blood — Neutropenia and thrombocytopenia have been reported rarely. 
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Some individuals have developed positive direct Coombs tests during treat- 


ment with the cephalosporin antibiotics. 

Liver — Transient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been noted 

Kidney- Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalospor ns, transitory 
elevations cf BUN have occasionally been observed with Mar dol: their fre- 
quency increases in patients over 50 years of age. In some of these cases. 
there was aiso a mild increase in serum creatinine. 

Local Reactions — Pain on intramuscular injection is infrequent. Thrombo- 
phlebitis occurs rarely. 


Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefamandoie is 500 mg to 1 gm every four to eight hours. 

In infections of skin structures and in uncomplicated pneumonia, a dosage 
of 500 mg every six hours is adequate. 

In uncormplicated urinary tract infections, a dosage of 500 mg every eight 
hours is sufficient. In more serious urinary tract infections, a dosage of 1 gm 
every eight hours may be needed 

In severe infections, 1-gm doses may be given at four to six-hour intervals. 

Inlife-threatening infections or infections due to less susceptible organisms. 
doses up tc 2 gm every four hours (i.e.. 12 gm per day) may be needed. 

Infants and Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible to Mandol.This may be increased to a total daily doseof 150 mg/kg 
(not to exceed the maximum adult dose) for severe infections. (See Warnings 
and Precautions for this age group ) 

Note: As with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymptomatic or after evidence of bacterial eradication has been obtained: a 
minimum ef ten days of treatment is recommended in infections caused by 
group A beta-hemolytic streptococci in order to guard against the risk of rheu- - 
matic fever or glomerulonephritis; frequent bacteriologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infection and may 
be required for several months after therapy has been completed; persistent 
infections may require treatment for several weeks: and doses smaller than 
those indicated above should not be used. 

Impaired Renal Function —When renal function is impairad. a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial dose of 1to 2 gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment, severity of infection. and 
susceptibility of the causative organism. 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 
Life-Threatening 
Infections — 
Maximum Dosage 


Less Severe 
Infections 


Creatinine Clearance Renal Function 


(ml/min/1.73 m?) 


2 gm 
q4h 


1-2 gm 


Normal a6h 


-*80 


15gmq4h 
Mild Impairment OR 
2gmqe6h 


15gmq6h 
OR 


0.75-1.5 gm 
q6h 


Moderate 
Impairment 


Severe 
Impairment 


0.67 gmq8h 
OR 
1gmq 12h 


Marked 
Impairment 


0.25-0.5 gm 


075gmq 12h qien 


When only serum creatinine is available, the following formula (based on 
Sex. weignt. and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function. 

Weight (kg) x (146 — age) 

72 x serum creatinine 

0.9 x above value 


Males: 
Females: 
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Papers 3eac Before the Eighty-Sixth Annual 
Meeting of the Western Surgical Association, 


Scottsdale, Ariz, Nov 12-15, 1978 





Report of a Posthumous Dialogue 


D. Emerick Szilagyi, MD 


t is the nature of thinking man to try to understand his 
relationship to tne ceaselessly changing world around 
him—to have a perception of the meaning of events that 
make up his everyday universe. But what scale of compar- 
ison, what st of standards, what frame of historical 
reference is he to use in the enterprise of such an assess- 
ment? 

I am remanded of this difficulty when I view the 
contemporary surgical scene. When one has reached the 
fourth or ifth decade of practicing surgery, one has 
inevitably besame aware of the powerful shifts of current 
in the stream. ef its recent history, of the deep and broad 
changes in almost all aspects of what makes up its 
substance. Bit how zo put these changes into a historical 
perspective" How to assess the flaws and virtues of the 
epoch ir waich our generation has lived and worked in 
terms o- tke broad sweep of events of past decades or 
centuries? 

As I have pondered this issue, the thought came to mind 
that for such an intellectual adventure one needs a guide 
and a re-eree of an earlier age, a surgeon who had a broad 
grasp of his act in his day but who also possessed the vision 
and insizht to apprzise a new world of surgery. Almost 
inevitaby my choke came to be William Stewart 
Halsted. 

Halsted's surgical heritage was a pervasive force in my 
years of residency. Roy D. McClure, under whom I served 
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most of my surgical apprenticeship, had been one of 
Halsted's favorites—one of "the chosen 17"—and he was a 
worshipful admirer of the great surgeon. Few days passed 
by during our association without a respectful reference to 
what Dr Halsted would or would not do in a given situation 
and without the recounting of some anecdote of his life. 
But aside from my personal bias, Halsted's qualifications 
as a historical guide and judge in viewing the contempo- 
rary surgical world are impeccable also on other accounts. 
If there is a historical figure who can be called the father of 
modern American surgery, he is undoubtedly Dr Halsted. 
Virtually every precept and principle that formed the 
foundation of modern American surgery was put forth by 
him. Even an abbreviated list of the ideas and practices for 
the introduction of which he was responsible is immensely 
impressive: the development of surgical technique combin- 
ing painstaking asepsis with exquisite care in tissue 
handling; new technical procedures in every branch of 
general surgery as then defined, many of which were not 
only revolutionary but indispensable for the growth of 
surgical craft (such as conduction anesthesia, the use of 
rubber gloves, fail-safe intestinal suturing), some of which 
resulted in practical benefits to the patient unobtainable 
before (hernia repair, radical mastectomy, cholecystecto- 
my, choledochostomy), and others of which opened up new 
perspectives of surgical endeavor, although momentarily 
they proved of limited practical usefulness (organ trans- 
plantation, treatment of arterial aneurysm); and, perhaps 
most importantly, the establishment of a system of surgi- 
cal training that combined science and humanism in such 
an effective and admirable way that it became a universal 
model. spain, 
Halsted would serve well the role of affe 








inventiveness and unflagging energy, a surgical technician 
of surpassing patience and skill, and a teacher of superb 
ability to mold young minds, but he possessed an intellect 
utterly free of prejudice and unreservedly committed to 
the truth. And fortunately he left a rich record of his 
thoughts, ideas, ideals, and judgments. 

Let me, then, explore, in an imaginary dialogue, Dr 
Halsted's views of the contemporary scene of American 
surgery. Let me record, true to his philosophy so clearly 
exposed in his and his pupils' writings, the responses he 
would give to the questions of a latter-day reporter 
concerned about the problems of his profession. And let me 
construct a paraphrase of such a dialogue as it might have 
happened. 


He Attempted to Raise Teachers of Surgery 


In this imaginary dialogue my first question dealt with 
the education of the surgeon. I reminded Dr Halsted that 
in the opinion of his closest friends and most ardent 
admirers, his greatest contribution to the growth of Amer- 
ican surgery was his establishment of a graduate training 
system. How did the current state of graduate education 
impress him? 

He replied that what he saw was, with some reserva- 
tions, gratifying. But a comparison between the currently 
popular graduate training programs and his own program, 
he added, had to be made with caution since the aims of 
graduate education in surgery have changed significantly 
during the last decade or two. His task in evolving a course 
of graduate study for surgery was to raise a generation of 
surgeons imbued with new concepts of the surgeon's art 
who would not only practice a new brand of surgery but 
hand it down to a new generation of surgeons. He 
attempted to raise teachers of surgery. He planned the 
activities of his department around this idea. Men who 
chose the teaching of surgery as their career must have 
been well-founded in the sciences on which the progress of 
surgery depended: in anatomy, physiology, and pathology. 
Moreover, they must have acquired skill and knowledge in 
these disciplines through investigative work. The teacher 
of surgery, Halsted firmly believed, must have a strong, 
and even primary, interest in research while at the same 
time maintaining facility in operative technique. 

In his time, Dr Halsted continued, this approach was 
needed and successful. Noland Carter, who began his 
residency under him and later became professor and 
chairman at the University of Cincinnati, in 1952 traced 
the careers of the 17 resident surgeons whom he (Halsted) 
trained and of the 55 assistant residents who spent on his 
service from one to three years. Of his 17 chief resident 
surgeons, seven became department chairmen (at Harvard, 
Yale, Stanford, Cornell, Virginia, Pittsburgh, and Cincin- 
nati), five joined the ranks of professors at other university 
medical centers, and one became surgeon-in-chief in a 
nonuniversity but academically oriented institution, the 
Henry Ford Hospital. Only four of the 17 went into private 
practice. Among the 55 assistant resident surgeons, 15 
became university professors of various ranks. Four of 
these assistant residents were selected by Dr Halsted to 
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organize and direct new specialty departments—the first in 
the country, by the way—at the Johns Hopkins School of 
Medicine (Frederick Baetjer in roentgenology, William 
Baer in orthopedics, Hugh Young in urology, and Samuel 
Crowe in etolaryngology). Eleven of the resident surgeons 
trained by Halsted set up training programs similer to his. 
These 11 eenters, up to 1952, had turned out 166 trained 
surgeons 5f whom 85 became university teachers. The 
composite total in 1952 was 238 surgeons trained in the 
Halsted tradition, of whom 139 were in full-time university 
work. 

The impact of this army of surgical educators on grad- 
uate training in surgery during the first half of our 
century was far-reaching. All major university centers, 
even prog-ams under chairmen not in the direct lineage of 
Halsted, edopted not only the temporal framework and 
other practical features of his system, but also his precept 
of strong academic orientation. 


The Early 1950s Brought About Changes 


The early 1950s, Dr Halsted continued, brought about 
changes m this system that, while leaving essentially 
undisturb2d the more important elements of its external 
organization (such as the length of training perioc and the 
progressively graded learning experience), did affect in 
depth the Halstedian emphasis on academic engrossment. 
The reascns for this were several, some valid and some 
unsound, and the results were likewise mixed. 

One of the reasons—but by no means a major one—was 
the dimimished opportunity open to the graduates of 
training programs for academic careers. At the time of the 
flowering of the Halsted system of training, the gap in 
academic personnel to be filled was very wide, but by the 
late 1950s and the early 1960s, it had been largely closed. 

But int2rest itself in academic positions also slackened, 
and to a great extent because of economic reasons. During 
the three decades following the Flexner report (1910), a 
powerful trend swept through the educational establish- 
ment of American medicine for the implementation of the 
full-time -eaching principle. Up to that time, the remuner- 
ation of c inical and often even of preclinical teachers was 
nominal and their income depended largely on the revenue 
from private practice. The idea of full-time teaching even 
at reasonably competitive salaries was a controversial one, 
but even-ually in the dozen or so best medical schools, 
including Dr Halsted's Johns Hopkins, the full-time, fully 
salaried faculty became the rule. With the explosive 
increase m the income of well-trained surgeons in private 
practice during the late 1950s and 1960s, however, the 
academic salaries lost their competitive edge. Tke alarm- 
ing loss ef interest in academic positions on the part of 
some of the best of surgical talent in time led to the 
ingenious device of geographic full-time that promised the 
best of both worlds, that of the academe and that of the 
lucrative private practice. Dr Halsted had a guarded view 
of this arrangement. If the professor of surgery indeed had 
to earn kis income by private practice, he said, he was 
bound to divert some or most of his energies from the 
primary goals of his academic existence, teaching and 
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research. While some may have the excess vigor to avoid 
this loss, manz will not. In any ease, however, the geo- 
graphie full-time arrengement restored some of the lost 
attractiveness of a career in academic medicine. 

The third an1 most potent factor that contributed to the 
change in the character of the graduate training program 
was the proliferation of the number of surgical residencies. 
Between 1945 and 1969, this number multiplied severalfold 
until it became impossible to fill the available positions 
with graduates of American medical schools. Whether this 
increase was justified by the growth in the demand for 
surgical services is highly debatable, but its effect on the 
quality of beth the training and the product in graduate 
surgery was plain to see, and it was unfortunate. It seems 
inevitable that under these conditions, the academic flavor 
of the training programs should dwindle, the selectivity of 
choice of candidates should suffer, and entry into the 
surgical profession should be opened to young men whose 
capabilities as well as motivation would be below the 
previous standards. There is evidence, in fact, that the 
motivaticn of some of those going into surgical residency 
training ‘s no longer primarily humanitarian or scientific, 
and that their primary interest lies in the acquisition of 
marketable teehnical skills rather than in a broadly based 
scientific education. 

At the present time it would seem clear that the 
requirements of the health care system have so changed 
that it weuld be impractical to insist on training standards 
with the unique academic orientation of the original 
Halstedien ideal. But for the safeguarding of excellence, 
the academic ingredient of the programs must be kept on a 
high level. A reduction of the number of trainees would 
seem one of tie first requisites to reach this goal. 

Another aspect of the current graduate educational 
trend thet is Gisturbing, Dr Halsted continued, is the form 
that training n the specialty fields has assumed. Although 
he never advecated a monolithic structure of surgery, Dr 
Halsted explained, he always firmly believed in a unitary 
foundation amchored in general surgery for all surgical 
branches Wken he encouraged some of his assistant 
residents to establish specialty practice- notably Crowe in 
otolaryngolegy and Young in urology—he made sure that 
they hac already acquired a thorough knowledge of the 
general surgieal field. It is regrettable that at present most 
specialty brarches of surgery have negligible or no compo- 
nent of general surgical training. Without such a back- 
ground, one can hardly acquire a truly superior competence 
in any but tne most trivial technical procedures. Moreover, 
the comprehension of total body physiology is indispensa- 
ble for the assessment of serious illnesses no matter how 
localized. The virtual exclusion of general surgery from the 
programs cf some of the specialty areas is not only 
counterproductive of diagnostic and therapeutic skills but 
also shortsighted. A more thorough grounding in general 
surgery could shorten the time required for the acquisition 
of the techn-cal skills of most specialty fields and thus 
leave the to-al length of preparation unchanged while 
raising the qaality of training in the specialty itself. 

My next jyuestion concerned the way in which Dr 
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Halsted's teachings on surgical technique have fared. 
One must separate this question into two parts, was Dr 
Halsted's reply. 


The General Principles Have Not Suffered 


The general principles he promoted with respect to 
operative dissection are so straightforward and their 
importance so self-evident that, in general, they have not 
suffered from serious violation. But there has been some 
relaxation in the care of tissue handling from the point of 
view of avoiding sepsis. It is an ironical paradox that one of 
the greatest advances in therapeutics, the advent of anti- 
microbial medication, has been the principal reason for 
this. Shortly after the introduction of these drugs, the 
disregard for asepsis and gentle dissection was at times 
shocking. Subsequent experience, showing convincingly 
that careful surgical technique cannot be supplanted by the 
use of antibiotics, has to a large extent corrected this error. 
There have always been crude dissectors and they are still 
with us. 

The second part of the question, continued Dr Halsted, 
eomprises the technical innovations he introduced. He 
never took great pride in this type of achievement, know- 
ing well that the value of purely technical details is often 
ephemeral. Subsequent generations of surgeons change 
them with great regularity and at times they even succeed 
in improving them. Among the operative procedures he 
initiated, the ones he prized the most were those that 
opened up a new field even though in themselves they were 
temporarily, in part or in whole, less than successful. Such 
were his attempts at tissue transplantation and at the cure 
of arterial aneurysms. He found it gratifying but some- 
what amusing that his humblest invention, the cure of 
inguinal hernia, has best stood the test of time. He was 
puzzled by the apparent discrediting of the radical opera- 
tion he devised for cancer of the breast. There seems to be 
no doubt that the preponderance of statistical evidence 
presently tends to show no significant difference between 
the results of the radical as compared with more restricted 
operations. He questioned, however, the validity of some of 
the statistical data. Among many other considerations, the 
reliability of statistical conclusions is weakened by the fact 
that the technical skill of the operating surgeon is of prime 
importance in the result of this complex procedure and 
therefore pooled figures from surgeons of varying compe- 
tence have an intrinsic source of error. In view of the 
available information, Dr Halsted continued, he would 
keep an open mind but would not yet abandon his radical 
operation. 

He found the advances in the understanding of thyroid 
physiology admirable. As a surgeon, he could not suppress 
a slight pang of resentment at the virtual disappearance of 
thyroidectomy in the treatment of hyperthyroidism, for 
the safe performance of which he worked so long and hard. 
He remarked that, in spite of the acknowledged success of 
isotope therapy, the late results of the conservative 
approach can be readily matched and perhaps even 
surpassed by those of subtotal thyroidectomy performed 
with the requisite skill. 
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His Greatest Satisfaction 
Came From Contemplation of Advances 


His greatest satisfaction came from the contemplation 
of the overwhelmingly impressive advances in the techni- 
cal areas in which he had made the first, if tentative, steps. 
The achievements of organ transplantation he found noth- 
ing short of miraculous when compared with his efforts to 
autotransplant the dog's parathyroid gland. It was a source 
of particular gratification that these achievements were 
reached in spite of the initial lack of understanding of the 
underlying basic physiological mechanisms and that the 
attempts of the transplantation surgeons actually served 
as the moving force of the extensive investigation at the 
laboratory level that eventually established the science of 
modern transplantation immunology. He had always felt 
that surgical research, the motivation of which sprang 
from genuine clinical needs, was a source of advancement 
for the understanding of physiological problems well 
beyond the clinical realm. He showed both pleasure and 
surprise at the growth of vascular surgery. He and his 
contemporaries' interests were limited to the problem of 
the treatment of the aneurysms, in which they had reached 
a modest but not negligible success. But even if the 
successes were modest, they provided him the most thrill- 
ing operating room experience. 

(One may note that the feeling of technical triumph in 
the performance of a masterful operation reaches almost 
poetic expression in Dr Halsted's description of a case of 
ligation of the first portion of the subclavian artery for the 
treatment of an aneurysm, which reads as follows: 


What surgeon called upon to treat a huge aneurysm of the neck or 
groin has not experienced the disturbing sensations which only 
such tumors can arouse? When confronted with an inoperable 
malignant growth, one feels the great pity of it, but not as in the 
case of an aneurysm, a peremptory challenge to face the exigency 
and cope promptly with the situation. In ligating the first portion 
of the left subclavian within the chest the operator is impressed by 
the miraculous effect of the ligation of the artery upon the great 
pulsating tumor which, with each beat of the heart, jars the whole 
frame of the sufferer. The moment of tying the ligature is indeed 
a dramatic one. The monstrous booming tumor is stilled by a tiny 
thread, the tempest silenced by the magic wand.)' 


The surgical approach to the occlusive form of athero- 
sclerosis never occupied his mind, Dr Halsted continued, 


since this disease was then conceived as a diffuse systemic 


pathologic process. Only after angiography demonstrated 
the segmental distribution of the critical lesions in athero- 
sclerosis could the idea be conceived to remove or bridge 
them. Had the gross anatomy of atherosclerosis been 
better understood, at least some attempts would 
undoubtedly have been made to devise technical means for 
their correction. The same conceptual barriers stood block- 
ing the road to the consideration of the surgical treatment 
of cardiac lesions. The precise and detailed knowledge of 
the anatomy of cardiac anomalies had to be acquired before 
the idea of correcting them can have been considered. It 
was a source of great satisfaction to him that both these 
steps were achieved at his own institution by Taussig and 
Blalock. 
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Not So Much in What the Surgeon Does 
But in the Way he Does It 


My third question embraced the complex problem of the 
general character of present-day surgical practice. 

In a saperficial sense, Dr Halsted answered, even the 
last decade of his professional experience, which came to 
an end scme 50 years ago, is extremely difficult to compare 
with the present-day practice of surgery. But, on a deeper 
analysis, one finds that the differences are not so much in 
what the surgeon does or strives to do but in the way he 
does it. In both epochs, at the research level, the surgeon 
strove tc find the cause and cure of the illness; at the 
practice level, he sought to apply the accumulated skill and 
knowledge to the benefit of the patient. 

He wished to emphasize that one aspect of the modern 
scene appeared to be beyond doubt: the technical facilities 
of the surgeon in his workshop—in the operating room—are 
at presert infinitely superior to those the surgeon had to 
contend with 50 or more years ago. No ma:ter how 
important the human element, the contribution of the 
surgeon aimself, is, no question can be raised zbout the 
decisive importance of the work environment. 

In other respects, however, the meaning of the differ- 
ences between then and now is not nearly so clear-cut. 

In his cay, the investigation of problems in the laborato- 
ry had to be done in a simple and macroanatomie manner. 
Biochemi*al knowledge was limited, methods of measure- 
ment we-e coarse and cumbersome. In clinieal practice, 
diagnosis rested mainly on the findings of the five senses, 
with only slight help from a few simple laboratory tests. 
Now, the enormous technological advances have put at the 
disposal əf the researcher an almost endless array of 
sophisticeted instruments to study every physiological or 
biochemical minutia; indeed, the problem is not a want of 
instrumentation but a threat of being lost in gadgetry. In 
the clinical diagnostie field, the data obtained by the 
clinician ere almost endless and usually easily aceessible. 

Both sets of circumstances have advantages and disad- 
vantages. The old method forced the investigator to 
extreme caution and the exercise of great ingenuity in 
performirg his experiments. Research then was strenuous 
not only i an intellectual but also in a physical sense. On 
the clinical side, the clinician had to assume a total personal 
involvement with his patient to establish a diagnosis. His 
search of the clinical history had to be exhaustive, his 
physical examination fastidiously complete. 

The present-day laboratory worker may be inventive 
and ingerious, but does not have to be so. Even with a 
rather meager idea, he can generate enough electronic data 
to fill a sizeable report. The clinician hardly faces the need 
for a thorough search of symptomatology and a careful 
sorting out of his physical findings. He may, and unfortu- 
nately oft»n does, begin his study of a case by ordering a 
sheaf of leboratory tests that will be delivered to him on a 
computer orintout in hours or minutes to start his plan of 
clinieal aporoach. 

The old-fashioned clinician certainly had a deeper sense 
of gratification, a greater degree of professional fulfill- 
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ment, but prcbably made more mistakes, which were 
regrettabe even if honest. The modern counterpart may 
achieve a better record of diagnostic accuracy but misses 
much of whaz s the essence of professional satisfaction: 
the sense of hawing solved the task by personal effort. Of 
course, there is no good reason for an obligatory contrast 
between the two methods. The parts beneficial to the 
patient of »oth approaches can be retained and fused into a 
single methoc. When -his is done, the superiority of the 
modern way is beyond question. One wonders, however, 
how often the effort is made to carry out this synthesis. 

Willful regleet of the technological advances in clinical 
practice because of their anti-intellectual risks would be 
not only foolherdy because of the loss of diagnostic accura- 
ey but also dangerous because of societal pressures. This 
new interzetior between surgery and society (society 
being a collection of actual or potential patients), the 
peremptory pos-ure in demanding specific services, is 
perhaps the most striking difference, Dr Halsted 
remarked, between the practice of 60 years ago and the 
practice of -he present time. 

The relationsh p of a profession to society is determined 
at two levels: at tae level of the general esteem in which the 
profession is held by other members of society and at the 
level of the marner in which the members of society accept 
the services of the profession. The changes that have 
occurred sinte his days of practice, said Dr Halsted, at both 
levels have »een very great. He had the good fortune of 
living and work:nz at a time when surgery had ascended to 
the highest leve. of its respectability during the long 
history of its fluctuating fortunes. Around the turn of the 
19th century, al. -he basic requirements of the successful 
treatment of the commor surgical diseases that had made 
life brutish and sFort hac been satisfactorily met, and the 
surgeon was the admired saver of life. At the personal 
` level, he was the f rm but kind father figure who could do 
no harm anc make no mistake. What forces came into 
being that change this picture during the past decade or 
two is difficult zo sort out, but the picture has indeed 
. ehanged. Perhaps -he trarsformation of roles started with 
what can be called the mechanization or depersonalization 
of medical and surzica! practice. Obviously, this change in 
the management o? problems of disease was not the result 
of any deliberate choiee on the part of the surgeon or 
physician. The breaking up of the two main domains of 
practice, medieine and surgery, into countless subspecial- 
ties, the growth of routine cross-referrals, but perhaps 
above all the sweling of the demand of the public for 
medical attention in the most trivial situations were 
mainly responsible for the disappearance of the healer- 
to-sufferer relationship thet was the hallmark of medical 
practice in earlier tmes. The development of attitudes of 
exaggerated expeetation for health care among organized 
special groups hastened the process. The result for the 
image of the surgeon has not been beneficial. He is looked 
on by increasing numbers among the public as an expert 
technician whcse services are valuable, desirable, often 
indispensable, and always costly. And if the results of the 
services are no: up to expectation, the technician is made 
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responsible for the failure. This set of factors forms the 
genesis of the decline of the surgeon's publie image, the 
striking change from the image of the past, the most 
odious visible manifestation of which is the proliferation of 
malpractice suits. 

My last question was the inevitable one: would Dr 
Halsted have rather been born in this century to do his 
work? 

An answer to this question, replied Dr Halsted, amounts 
to a judgment of the quality of life, all aspects of life, in 
two exciting periods of human history. The most seductive 
among the many attractive qualities of the practice of 
medicine—as also of any other branch of science—is that 
the man truly immersed in it lives in a world almost apart 
from the physieal universe around him. This may be, and 
often is, an exhilarating existence, but it is an unreal one. 
Medicine, as all science, is a part of the physical world and 
is molded by it in inevitable ways. So, when one compares 
the flaws and virtues of two periods in the history of 
medicine, one must consider both the medieal and the 
nonmedical contents of the epochs. 

He was inclined to think, said Dr Halsted, that from the 
nonmedical or social or sociocultural point of view, the late 
19th and early 20th centuries were for the greater part of 
society a more pleasant period to dwell in than the present 
midcentury. Technology was sufficiently advanced to have 
removed the common annoyances of existence of 18th 
century: the eumbersome means of transportation, the 
primitive hygienic facilities, and the blunted and sluggish 
rhythm of existence. Yet, the influence of technology had 
not yet come to set the pace of life and to destroy the 
simple devices that make human relationships pleasant. 
The courteous manners, the deference to personal accom- 
plishment, the simple charity to the other man still flour- 
ished. In this respect, the current epoch is less attractive: 
coarse, aggressive crowds milling around in sprawling, 
unclean, and decaying cities; oppressive accumulation of 
dehumanizing machinery; loss of regard for the fellow man 
even to the extent of ordinary civility; greed and clamor for 
special privileges by herded groups. 

As regards medical advancement, the two periods of 
history have individually unique records. His lifetime, said 
Dr Halsted, saw the introduction of anesthesia, the birth of 
the scientific foundation of medicine in the disciplines of 
bacteriology, physiology, and chemistry, and the beginning 
of laboratory research as the mainstay of clinical advances. 
He was right, Dr Halsted continued, when he stated in his 
“Annual Address in Medicine” at Yale University on June 
27, 1904 (entitled, "The Training of the Surgeon") that “in 
the 30 years that have elapsed since the graduation of the 
class of 1874 from Yale, probably more has been accom- 
plished to place surgery on a truly scientific basis than in 
all the centuries that had preceded this wondrous peri- 
od." | 

In the current epoch, beginning about the end of the 
second World War, a similarly incomparable burst of 
advance has taken place. Antimicrobial drugs, organ trans- 
plantation, surgery of the heart and arteries have lent a 
new face to clinieal surgery. And similar growth of knowl- 


Presidential Address—Szilagyi 363 





edge has refined the treatment of many medical diseases. 
In basic biology, the solution of the riddle of the chromo- 
some opened up the vista of incredible and even frighten- 
ing possibilities. 

If one were free to choose, said Dr Halsted, one would be 
hard put to decide which epoch to declare his own. Being of 
a contemplative and reserved temperament, he continued, 
his own time probably fitted him best. Aside from its 
gracious style, its pace also suited him. Before his time, the 
store of information and its growth were too meager to 
nourish an inquiring mind; after his epoch, in the current 
period of time, information has become an avalanche and 
even the decision of selecting what to learn is too laborious 
to master. In his own lifetime, the many fundamental new 
ideas came at a pace such that any inquisitive mind could 
grasp and retain them. He felt comfortable in the knowl- 
edge that he was able to be well informed. These days, he 
would feel driven to learn but would never be secure in his 
knowledge. 

There is a final thought he would like to leave with us, Dr 
Halsted concluded. Natura non facit saltum. Nature does 
not proceed in leaps. The flow of history is continuous. 
There is only one certainty and that is that changes in our 
lives, in our science, in our environment will continue. The 
only source of contentment is to expect the changes and 
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find accommodation with them. The greatest evil is to be 
satisfied with what exists and deny the need for change. In 
his address at Yale already mentioned, he quoted the 
illustrious 18th century French surgeon Baron Boyer, who 
declared that the art of surgery of his time had reached the 
highest degree of perfection, saying this at a time when 
anesthesia was nonexistent, when hemorrhage was inef- 
fectively and brutally controlled and when infection of a 
wound was regarded as a part of normal healing. In 
commenting on this quotation, Dr Halsted pointed out that 
even a hundred years later, in his own time, infection was 
unpredictably prevented and when present could not be 
effectively cured, anesthesia was crude, and hemorrhage a 
deadly menace. Today, one has very effective drugs for the 
control of most infections, anesthesia is highly refined, and 
the management of hemorrhage is seldom a life-threaten- 
ing problem. "While you may feel secure and contented in 
the knowledge of these achievements,” were Dr Halsted’s 
last words, “the art of surgery is not yet perfect and 
advances now unimaginable are still to come. May you have 
the wisdom to live with them with grace and humanity.” 
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The Impact of Prophylactic Measures on 


Fatal Pulmonary Embolism 


M. Atik, MD, Walter L. Broghamer, Jr, MD 


* Prompted by reviews showing no significant reduction in the 
overall incidence of fatal pulmonary embolism in recent years, 
we examined the incidence of this complication found on 
autopsy over the 15-year period between 1960 and 1974 in a 
Veterans Administration Hospital. During the first six years, 
when no specific prophylactic measures were practiced, 41 
patients died of pulmonary embolism on the surgical service; 
whereas in the last nine years, when dextrans were used 
prophylactically in high-risk patients, 24 patients had fatal 
pulmonary embolisms. Of these 24 patients, 21 did not receive 
the recommended dosages of dextran. There were no significant 
differences in the average annual number of admissions and 
major operations, or in the rate of autopsy, between the two 
periods. We conclude that the prophylactic use of dextran in 
high-risk surgical patients is a practical, effective, and safe 
method to reduce the overall mortality from pulmonary embo- 
lism. 

(Arch Surg 114:366-369, 1979) 


JA necu previous reports by Atik and other investiga- 
tors have established the efficacy of prophylactic use 
of antiplatelets and anticoagulant agents in reducing fatal 
pulmonary embolism in randomized, selected groups of 
patients," prophylactic measures have not been generally 
adopted. Therefore, as recently as 1975, no significant 
reduction in the overall incidence of this dreadful compli- 
cation had been substantiated. Coons, reviewing the inci- 
dence of major pulmonary embolism found on autopsy at 
the University of Michigan Medical Center, reported it to 
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be essentially unchanged: 7.1% during the 1964 to 1974 
period, and 8.6% during the 1945 to 1954 period.* 

To determine the impact of a prophylactic measure on 
the overall incidence of pulmonary embolisms, we reviewed 
the autopsy findings at the Veterans Administration 
Hospital in Louisville for the 15-year period between 1960 
and 1974. In this report we compare the frequency of fatal 
pulmonary embolism for the first six years, when no 
specifie prophylaxis was used, with the frequency during 
the last nine years, when dextrans were used orophylacti- 
cally in high-risk patients. 


MATERIALS AND METHODS 


The autopsy record of every patient who died between 1960 and 
1974 at the VA Hospital was reviewed. The findings of pulmonary 
embolism by pathologists who had performed these aitopsies were 
tabulated into two main groups: (a) those cases in which pulmo- 
nary embolism was major and considered responsible for the 
patient’s death, and (b) those cases in which pulmonary emboli 
were minor and incidental. The number in each group as deter- 
mined at autopsy and the pertinent clinical data were then 
compared for the years 1960 to 1965, when no preventive measures 
were practiced, with the years 1966 to 1974, when dextrans were 
infused in high-risk surgical patients as prophylaxis against 
pulmonary embolism. Patients who were considered high-risk 
included those with a history of venous thromboembolism; those 
who had major fractures, or were undergoing complicated opera- 
tions, or were subject to prolonged immobilization; and patients 
with two or more of the following conditions: obesity, age over 50 
years, the presence of a malignancy or a major infection, cardiac 
and major vascular insufficiency, and low-flow state. Only a few 
with known coagulopathy and some who had frank pulmonary 
edema and renal failure were excluded from dextran prophylax- 
is. 

Dextran 40 or dextran 70 was infused at the start cf operation or 
soon after admission if the patient had extensive fractures or 
ischemia of the lower extremity. Dextran was given in a dosage of 
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dextrans and aspirin. Although there is considerable 
controversy regarding the superiority, efficacy, limita- 
tions, and complications of each one, when properly used 
their merit cannot be ignored.” 

A previous report by Atik et al has demonstrated 
increased platelet adhesiveness in high-risk patients and in 
those with thromboembolism, and has also shown the 
efficacy of dextran in reducing platelet adhesiveness and 
preventing fatal embolism in randomized groups of 
patients with major fractures (Table 2)! Several other 
investigators have also confirmed the value of infusing 
dextran in general surgical and orthopedic patients. The 
present review demonstrates the effectiveness of this 
prophylactie modality employed on a major surgical service 
during a nine-year period. Admittedly, comparison with 
the earlier six-year period, when no prophylaxis was 
practiced, raises the possibility of other explanations for 
the reduced incidence of pulmonary embolism. However, 
no similar reduction, either on our own medical service or 
at the University of Michigan Medical Center, where no 
specifie preventive measures were undertaken, has been 
noted in recent years. 

We chose dextran for the following reasons: It provides 
hemodilution, reduces whole blood viscosity, improves 
miecrocireulation, and decreases stasis, which is not 
affected by other anticoagulants. It lowers the abnormally 
high platelet adhesiveness that initiates thrombosis and 
reduces the high fibrinogen level that is commonly 
observed in the hypercoagulable states. It also coats the 
lining of the traumatized vessels and prostheses and 
minimizes the risk of thrombosis." According to a recent 
report by Bergentz, it affects factor VIII and also provides 
some thrombolytic activity. This explains why, despite 
the reported frequency of small venous thrombi detected 
by fibrinogen '^I in the lower extremities, the incidence o? 
pulmonary embolism is significantly reduced following 
infusion of dextran. 

We must emphasize that no differences in the anti- 
thrombogenic quality between dextran 40 and dextran 70 
have been demonstrated and that at the recommended 
doses, dextran does not interfere with the normal coagula- 
tion process or with the normal platelet function. In more 
than 200 patients who have been infused with dextran, 
platelet adhesiveness and fibrinogen levels have not been 
reduced below the normal values (40% + 9% and 300 mg/ 
dL, respectively, in our laboratory). This unique property 
of lowering abnormally high levels to normal levels, but not 
further to abnormally low levels, provides an additional 
measure of safety in the use of dextran. Thus, laboratory 
monitoring of dextran infusions is usually unnecessary. 





Other antiplatelet agents, such as aspirin, whem given in 
the recommended effective dose, may leave the patient 
without adequate platelet function for several days after 
their use is discontinued, and may induce exeessive bleed- 
ing if the patient is subjected to traumz or operation. 
Similarly, anticoagulants such as heparin and warfarin 
may overshoot their effectiveness and endznger the 
patient by excessive bleeding. 

Like all drugs, dextrans have potential side effects and 
complications that have been reported previously.* The 
most dangerous but fortunately rare complication is the 
anaphylactoid reaction occurring in approximately one of 
1,000 patients who have never received dextran. This 
reaction, which is unprediczable, usually appears after 
infusing the first few milliliters of dextran solution. It is 
for this reason that we recommend starting dextran slowly 
and in the presence of a physician. Then, if zny untoward 
reactions develop, the infusion should be stepped promptly 
and the patient should be appropriately treated. 

The early reports of increased bleeding: subsequent to 
dextran infusion can be explained by cverdesage, by 
preexisting or acquired coagulopathy due to sepsis or 
multiple transfusion, or by simultaneous use of other 
anticoagulants. The regular dose of heparin produces twice 
the change in clotting time in patients who are receiving 
dextran as in those who are not." 

Like other crystalloid and eolloid solutions. toe great or 
too rapid an infusion of dextran in patients witk unrecog- 
nized poor cardiopulmonary reserve will produee pulmo- 
nary edema. However, with proper monitormz and adjust- 
ments of volume and rate of infusion, this complication 
should be completely avoidable. Moreover, we have found 
no evidence that either dextran 40 or dextran 70, when 
properly administered, will cause renal failure. Maillaux et 
al, who earlier cited the use of dextran 40 in several: 
instances of acute renal failure, have subsequently exoner- 
ated the use of dextran in patients whe are properly 
treated." E 

Indeed, we can conclude that the dseneaantment 
expressed by some clinicians has stemmed from the use of 
earlier preparations, and from improper timing or dosage 
of infusion. To be effective and truly prophylactic, dextran 
must be used early in the course of serious illness, soon 
after injury, or before and during major operations, and 
the infusion must be continued until the -isk ef throm- 
boembolism is significantly diminished. 


Nonproprietary Names and Trademarks of Drugs 


Dextran 40—Gentran 40, LMD 10%, Rheomauodesz, Jy Z 
Dextran 70—Macrodex. 


References 


l. Atik M, Harkess JW, Wichman H: Prevention of fatal pulmonary 
embolism. Surg Gynecol Obstet 130:403-413, 1970. 

2. Gruber UF: Dextran and the prevention of postoperative thromboem- 
bolic complications. Surg Clin North Am 55:679-694, 1975. 

3. Harris WH, Salzman EW, Athanasoulis C, et al: Comparison of 
warfarin, low molecular weight dextran, aspirin and subcutaneous heparin 
in prevention of venous thromboembolism following total hip replacement. 
J Bone Joint Surg A 56:1552-1562, 1974. 


368 Arch Surg—Vol 114, April 1979 


4. Kakkar W, Corrigan TP, Fossard DP, et al: Proventien of fatal 
postoperative pulmonary embolism by lbw doses of heparin: An internation- 
al multicenter trial. Lancet 2:45-51, 1975. 

5. Salzman EW, Harris WH, DeSanctis RW: Anticoagulation for preven- 
tion of thromboembolism following fractures. N Engl + Med 275:122-130, 
1966. 

6. Sharnoff JG: Results in prophylaxis of postope-a-ive pulmonary 
embolism. Surg Gynecol Obstet 123:303-307, 1966. 


Fatal Pulmonary Embolism—A-ik & Broghamer 


500 mL/day for three days, and then every other day until the 
patient was ambulatory and free of major complications. 
Informed consent was obtained before infusion of dextran. In all 
patients the first infusion was started slowly, by or in the presence 
of a surgeon, anesthesiologist, or house officer, should an anaphy- 
lactoid reaction occur. After the infusion, patients were checked 
for evidence of pulmonary edema, renal damage, or unusual 
bleeding, with the appropriate clinical, biochemical, or coagulation 
tests. Platelet function tests were also performed in more than 200 
patients. 


RESULTS 


A marked difference was apparent in the incidence of 
both fatal and minor pulmonary embolism between the two 
periods (Table 1). In the first, six-year period (1960 to 
1965), there were 41 cases of fatal pulmonary embolism, or 
an averag2 of seven cases per year. The incidence of fatal 
pulmonary embolism was substantially higher for this 
period than for the second, nine-year period (1966 to 1974) 
when 24 cases occurred, or an average of 2.7 cases per year. 
Moreover, review of clinical data revealed that despite the 
recommended policy, 21 of the 24 patients in the second 
period were not given dextran, either because the surgeons 
did not recognize the high risk in these patients or because 
they did not believe in the efficacy of dextran. Excluding 
these 21 patients, only three among several hundred 
high-risk patients who were given dextran were not 
protected against pulmonary embolism in nine years. Had 
the prophylactic policy been adopted by all members of the 
surgical staff, the incidence of fatal pulmonary embolism 
on the surgical service would have been reduced even 
further. 

The cheracteristics of the patient population, as well as 
the numbers of admissions, major operations, and autop- 
sies on the surgical service, were not sufficiently different 
during these two periods to explain the substantial 
decrease in the incidence of fatal pulmonary embolism. 

In contrast, a similar review of the incidence of fatal 
pulmonary embolism on the medical service revealed no 
significant differences between the two periods. An aver- 
age of ten cases of autopsy-proven, fatal pulmonary embo- 
lism occurred each year between 1960 and 1965, and an 
average cf eight cases occurred annually between 1966 and 
1974. 





Table 1.—Fatal Pulmonary Embolism on the Surgical 
Service by Autopsy at the VA Hospital, Louisville 









1966-1974 


1960-1965 (No (Dextran 
Prophylaxis), Prophylaxis), 
Average No./yr Average No./yr 





Admissions 3,065 2,955 

Major operations 1,455 1,365 

Deaths 142 124 

Autopsiss 85 71 

Total pulmonary embo- 
lisms 

96 of autopsies with em- 
bolism 8 3.7 







7 (41)* 2.7 (24)*1 








*Number in parentheses is total for the entire period. 
+Twenty-one of these patients did not receive dextran. 
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It is pertinent to note that only four cases of fatal 
pulmonary embolism in each period were suspected or 
could be suspected from the review of clinical data on the 
surgical service, and that only five patients in the entire 
period had clinical evidence of preexisting thrombophlebi- 
tis in their hospital course. There were no deaths, unusual 
major bleeding, or evidence of acute renal failure attrib- 
uted to dextrans in several hundred patients infused, and 
no serious complications occurred except for three inci- 
dences of anaphylactoid reactions followed by recovery. 


COMMENT 


More than 50,000 patients die in the United States 
annually of pulmonary embolism, and the overall incidence 
of this catastrophic complication has not been reduced, 
despite our knowledge of the predisposing factors, the 
increased availability and improvement of diagnostic aids 
such as lung scans and pulmonary angiography, and the 
current therapeutic modalities. There is general agree- 
ment that the clinical signs and symptoms necessary to 
diagnose pulmonary embolism are not reliable, and that 
over 60% of patients show no clinical evidence of venous 
thrombosis of the lower extremities, considered to be the 
predominant source of embolic dissemination. | 

Modern diagnostic aids such as radioactive-labelled fibri- 
nogen, Doppler ultrasound, mechanical and electrical im- 
pedance plethysmography, phleborheography, and venog- 
raphy, can accurately disclose venous thrombosis and can 
serve to direct therapeutic measures. However, as Salzman 
has observed, use of these diagnostic aids for all patients 
susceptible to venous thrombosis, followed by therapy, is 
less cost-effective than the various prophylactic measures 
that have been proven beneficial in preventing pulmonary 
embolism.’ Moreover, because massive pulmonary embo- 
lism usually results in sudden death without warning, even 
if effective diagnostic and therapeutic means were avail- 
able, they could not be utilized in time. 

Current prophylactic measures against pulmonary 
embolism include mechanical devices to decrease venous 
stasis, anticoagulants such as warfarin sodium (Coumadin) 
and heparin sodium, and antiplatelet agents such as 





Table 2.—Prevention of Fatal Pulmonary Embolism 
With Dextran in Patients With Major Fractures* 













No. of patients 77 49 
WEIT a ees SEE VES 
Preoperative platelet adhe- 
siveness, % 55 x 11 53 + 11 
Postoperative platelet adhe- 
siveness, % 62 + 91 36 + 9F 





*Table from Atik, Harkess, and Wichman.' Reproduced by permission of 
Surgery, Gynecology & Obstetrics. 

+The differences between the numbers for the control group and 
treatment group are significant (P < .01). 
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Discussion 


CHARLES E. Lucas, MD, Detro:t: Dr Atik, could you give us some 
idea of the rumber of patients who did not receive dextran 
therapy durinz the second pericd of review? 

It is £ li-tle difficult to know what the exact percentages are. Of 
the 24 pat:ents who had pulmorary embolisms, 21 did not receive 
dextrar. How many other patients did not receive dextran? 

Dr ATIE: Ir answering Dr Lacas, I must admit that I did not 
have time to gc into the details of our study. 

As we described in the report, the characteristies of the patients 
and the amnuzl number of admissions and major operations in the 
two pericds were not significantly different. Only high-risk 
patients in th» second period were to receive dextran prophylacti- 
cally. But, out of several huncred such patients, some did not, 
either besause the surgeons n charge did not recognize the 
potential risks or because they did not believe in the efficacy of 
dextram. The 21 of 24 patients who had pulmonary embolism in the 
second period fall into this category. There may have been 
additiona. pazients in whom this complication did not develop or 
who did rot cie of it. We do nct know the exact number of these 
patients, since our review was based on autopsy findings. In our 
opinion, this is the only reliable method for diagnosing pulmonary 
embolism. 

Had oar recommendation for prophylaxis in all high-risk 
patients »een strictly carried eut, the difference in the incidence 
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cf fatal pulmonary embolism between the two periods would have 
been even more marked. 

In closing, I would like to mention an article by Dr Oscar 
Ratnoff and associates, "The Demise of John Hageman” (N Eng J 
Med 279:760-761, 1968). Hageman had a bleeding tendency caused 
by clotting-factor XII deficiency that was named after him. In 
1968, he fell from a ladder, fractured his pelvis, and was hospital- 
ized. 

On the 12th day of hospitalization, while Hageman was conva- 
lescing satisfactorily, sudden respiratory insufficiency developed, 
followed by circulatory arrest. He died in a matter of minutes 
despite attempted resuscitation. 

At autopsy, he was found to have massive pulmonary embolis 
without the presence of thrombi in the veins of the lower 
extremities. 

The report by Ratnoff et al emphasizes that pulmonary embo- 
lism can occur despite intrinsic clotting defect, that it may result 
in sudden death without warning, and that even if effective 
diagnostic and therapeutic modalities were available, there would 
not be sufficient time to use them. Hence, we must continue our 
search for better means of identifying high-risk patients and for 
improved prophylactic measures to reduce the overall mortality 
and morbidity from this serious complication. 
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In-vitro superiority 
against today's 
gram-negative 
hospital pathogens’ 


Against 409 bacterial isolates, Amikin* 
(amikacin sulfate) activity was compared to 
leading injectable antibiotics. None of these 
agents inhibited as high a percentage of 
strains as did Amikin. 


95.6% 


93.2% 


45.5% 


Susceptibility determined by the agar dilution test 
method, data on file, Bristol Laboratories. *Caution, 
in vitro data cannot be directly correlated to clinical 

effectiveness. 


AMIK ACIN 
GENTAMICIN 
TOBRAMYCIN 
CARBENICILLIN 
CEPHALOTHIN 
AMPICILLIN 





COMPARATIVE AMINOGLYCOSIDE 
INACTIVATION IN SERUM* 





Least inactivated 
in combination 


When carbenicillin or ticarcillin is combined 
in vitro with ordinary aminoglycosides, a 
significant reduction in aminoglycoside 
activity may occur. Virtually unaffected in the 
presence of ticarcillin. Amikin is also 
minimally compromised by carbenicillin 
„while other aminoglycosides may lose up 
to 50% cf their activity! 


% ACTIVITY 





Adapted from Holt HA, Broughall JM, McCarthy M, 
,,, 9tal: Interactions between aminoglycoside E 6 12 18 24 
antibiotics and carbenicillin or ticarcillin, /nfection INCUBATION (HOURS) 


4(2) 107-109, 1976. 
*Caution , in vitro data cannot be diractly correlated Ticarcillin EL) Gontamioin muon 
Carbeniciline e ee eeeeoe e688 


to clinicel effectiveness. 


AMIKIN 
MIKACIN SULFATE 


eighth-nerve function should be closely monitored in patients Clinical Studies have shown Amikin to be effective in bacteremia 
with known or suspected renal impairment and atso in those and septicemia (including neonatal sepsis); iñ serious infections of 
whose renal function is initially normal but who develop signs the respiratory tract, bones and joints, centra nervous system 
of renal dysfunction during therapy. Evidence of impairment in (including meningitis) and skin and soft-tissue; intra-abdominal 










BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 

AMIKIN” (amikacin sulfate) 

For complete information, consult Official 
Package Circular (1) AMIKIN 5/27/76 






Warnings: 

Patients treated with aminoglycosides should be under close 
Clinical observation because of the potential ototoxicity and 
nephrotoxicity associated with their use. 

Ototoxicity, both auditory and vestibular, can occur in 
patients treated at higher doses or for periods longer than 
those recommended. The risk of amikacin-induced ototoxicity 
is greater in patients with renal damage. High frequency deaf- 
ness usually occurs first and can be detected only by audio- 
metric testing. 

The ototoxicity potential of amikacin in infants is not known. 
Until more safety reports become available, amikacin should 
be used in infants only in those specific circumstances when 
susceptibility testing indicates that other aminoglycosides 
Cannot be used or are otherwise contraindicated, and when the 
infant can be observed closely for evidence of toxicity. 

Aminoglycosides are potentially nephrotoxic. Renal and 









renal, vestibular or auditory function requires discontinuation 
of the drug or dosage adjustment. 

Serum concentrations should be monitored when feasible, 
and prolonged concentrations above 35 mcg./m! should be 
avoided. Urine should be examined for increased excretion of 
protein, cells and casts. 

Concurrent and/or sequential use of topically or systemi- 
cally neurotoxic or nephrotoxic antibiotics should be avoided. 

Amikin should not be given concurrently with potent 
diuretics. 

Usage in Pregnancy: Amikin should be used in pregnant 
women only when clearly needed. 













Indications: 

Serious infections due to susceptible strains of Cram-negative 
bacteria including pseudomonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., klebsiella-enterobacter- 
serratia sp., and acinetobacter sp. Culture and sensitivity studies 
should be performed. 


infections (including peritonitis); and in burns and post-operative 
infections (including post-vascular surgery). Clinical studies have 
shown Amikin (amikacin sulfate) also to be effective in serious 
complicated and recurrent urinary tract infections due to these 
organisms. Aminoglycosides, including Amikin injectable, are not 
indicated in uncomplicated initial episodes of urinary tract infec- 
tions unless the causative organisms are not susceptible to anti- 
biotics having less potential toxicity. 

Bacteriologic studies should be performed to dentify causative 
organisms and their susceptibilities to amikacir. Amikin may be 
considered as initial therapy in suspected Gram-nagative infections 
and therapy may be instituted before obtaining the results of sus- 
Ceptibility testing. Clinical trials demonstrated that Amikin was 
effective in infections caused by gentamicin and/or tobramycin 
resistant strains of E MAR organisms, particularly Proteus 
rettgeri, Providencia stuartii, Serratia marcescens and Pseudo- 
monas aeruginosa. The decision to continue therapy with the drug 
should be based on results of the susceptibility tests, the severity 
of the infection, the response of the patient and the important 


AMIKACIN TOXIC LEVEL 





Amikacin Conc (mcg/ml) § 


Amikacin S0C mg IM 
7 5 mc/hg;" 
| (in-volunteers) 


| 


10 


AMIKACIN 


MEAN MIC 


E 2 459 ? 8 
AMIKAGIN 


COMPARISON OF O7*O- AND NEPHROTOXICITY 
IN ONE STUDY AS DETECTED BY AUDIOMETRIC 
& RENAL FLNCTION MONITORING 





GENTAMICIN 
TREATED 
PATIENTS 

(26) 











Broader 


GENTAMICIN TOXIC LEVEL 


Gentamicin 1 mg/Kg IMt 


GENTAMICIN 
MEAN MIC* 


$.4- Byes Sh 79 
GENTAMICIN 


Well tolerated 


As with other aminoglycosides, 

adverse auditory and renal reac- 

tions may occur at higher doses, 
reversible in some instances. But, 

in a study comparing the oto- and 
nephrotoxicity of amikacin and 
gentamicin among 53 monitored 
patients, Amikin demonstrated a 
significantly reduced side effects 

risk. (Other published studies have 
shown little or no differences in 
toxicity). 

Special Note: In Amikin clinical trials, hearing 
loss was rarely clinical and usuelly an audio- 
gram was needed to identify such a loss. Ad- 
verse renal reactions due to Amikin usually 


consisted of elevations of serum creatinine 
and/or BUN, which were usually reversible. 


Adapted from Lerner SA, Seligschn R, 
and Matz GJ. Comparative clinical 
studies of ototoxicity and nephrotoxicity 
of amikacin and gentamicin. Am J Med 
(special issue):113-117, June 1977. 


Probably today's most 
important hospital antib 


Please see followimg brief summary for prescribing information. 


additional considerations zontained in the "Warning" box above. 
Amikin has also »een-shown to be effective in staphylococcal 


infections and may 3€ cansidered as initial therapy under certain . 


conditions in the treatment of known or suspected staphylococcal 
disease such as, severe infections where the causative organism 
may be either a Gram-megative bacterium or a staphylococcus, 
infections due to susceptible strains of staphylococci in patients 
allergic to other anibio™cs, and in mixed staphylococcal/Gram- 
negative infections. 

Amikacin may be iadi-atad in the treatment of neonatal sepsis 
when susceptibility testmg indicates that other aminoglycosides 
cannot be used. Ir cerain severe infections such as neonatal 
sepsis, concomitant tempy with a penicillin-type iy. may be indi- 
cated because ofthe possibility of infections due to ram-positive 
organisms such as 3st'e[-ococc: or pneumococci. 
Contraindications: 

A history of hypersensitivity to amikacin. 

Warnings: 

See "Warning" Dox aliove. 

Precautions: 

Amikin is potentially negarctoxic, ototoxic, and neurotoxic. The con- 
current or seria! use of cther ototoxic or nephrotoxic agents should 


be avoided either systemically or topically because of the potential 
for additive effects. Such agents include antibacterial drugs such 
as kanamycin, gentamicin, tobramycin, neomycin, streptomycin, 
cephaloridine, paromomycin, viomycin, polymycin B, colistin and 
vancomycin as well as certain diurectic agents such as ethacrynic 
acid or furosemide. 


Adverse Reactions: 
Ototoxicity — See "Warning" box. 

Nephrotoxicity — Albuminuria, presence of red and white cells, 
casts, azotemia and oliguria have been reported. 

Other— Skin rash, drug fever, headache, paresthesia, tremor, 
nausea and vomiting, eosinophilia, arthralgia, anemia, hypotension. 


Dosage and Administration: 

The usual LM. or LV. dose with normal renal function is 15 
mg/Kg./ day divided into 2 or 3 equal doses administered at equally- 
divided intervals. For the heavier incividual (greater than 100 Kg.), 
the total daily dose should not exceed 1.5 Gms. per day. 

When amikacin is indicated in newborns (see box "Warning "), it 
is recommended that a loading dose of 10 mg./Kg. be administered 
initially to be followed with 7.5 mg./Kg. every 12 hours. 

The usual duration of treatment is 7 to 10 days. The total daily 
dose by all routes of administration should not exceed 15 mg./Kg./ 


therapeutic index 


Amikin's Toxic-to-Therapeutic Index (ratio of 
toxic serum level to Mean MIC) is three times 
greater than the next leading aminoglycoside! 


Because individual patient serum levels may 
vary from statistical averages, Amikin's 
broader margins reduce the risk of 
subtherapeutic or toxic dosage. 


* Data on file, Bristol Laboratories 
+Concentration curves 
Litwack KD, Hewitt W 
590-595, December 1971 


adapted from: Winters RE, 
L: J Intect Dis 124 (suppl): 





lotic. 


day for the average-weight person. In the unusual circumstances 
where treatment beyond 10 days is considered, the use of Amikin 
should be reevaluated and, if continued, renal and auditory func- 
tions should be monitored daily. 

For patients with impaired renal function, whenever possible, 
serum amikacin concentrations should be monitored by appropriate 
assay procedures. Doses may be adjusted in patients with impaired 
renal function either by administering normal doses at prolonged 
intervals or by administering reduced doses at a fixed interval. 

The solution for intravenous use is prepared by adding the con- 
tents of a 500 mg. vial to 200 ml. of sterile diluent such as Normal 
Saline or 5% Dextrose in Water or any other compatible solution. 

The solution is administered over a 30- to 60-minute period. 


Supplied: 

Rubber-capped vials as a ready-to-use sterile aqueous solution: 
100-mg., 500-mg., and 1.0-Gm. vials. 

Disposable Syringe (500 mg. per 2 ml.) 


BRISTOL LABORATORIES 
BRISTOL Div. of Bristol-Myers Company 
Syracuse, New York 13201 
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White Clot Syndrome 


Peripheral Vascular Complications of Heparin Therapy 


Jonathan B. Towne, MD; Victor M. Bernhard, MD; Clara Hussey, MD; J. C. Garancis, MD 


* Heparin sodium-induced thrombosis is insidious and diffi- 
cult to diagnose. If untreated, it results in death or major 
amputation. We have treated seven patients with thromboses 
resulting from platelet aggregation induced by heparin. Four 
patients had acute arterial ischemia of the lower extremity, 
venous gangrene developed in two, and one patient had an 
occluded autogenous vein femoral popliteal bypass in the imme- 
diate postoperative period. The platelet count was noticeably 
reduced in affected patients. White platelet thrombi were noted 
in four patients, three of whom had acute arterial occlusion. A 
white thrombus was the cause of immediate failure of a femoral 
popliteal graft. Electron microscopic examination of these 
thrombi demonstrated predominantly fibrin platelet aggregates 
with an occasional entrapped WBC and a rare RBC. All patients 
receiving heparin therapy must have platelet counts performed 
regularly. If thrombocytopenia is detected, platelet aggregation 
Studies are indicated. When abnormal platelet aggregation is 
noted, heparin therapy should be reversed with protamine sulfate 
and the patient treated with low-molecular-weight dextran and 
warfarin sodium. 

(Arch Surg 114:372-377, 1979) 


peo thrombotie complications of heparin sodium 
therapy are an uncommon but potentially limb-threat- 
ening and occasionally fatal complication of heparin anti- 
coagulant therapy. Several investigators have identified a 
chemically induced, immune thrombocytopenia as the 
cause of the intravascular thrombosis initiated by heparin 
therapy.’’ This complication usually occurs after several 
days of exposure to heparin. The earliest clinical evidence 
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of this syndrome is a thrombocytopenia caused by a factor 
found in the plasma of afflicted patients that produces 
agglutination of normal platelets when heparin is added. 
Further identification of this factor has not been possible. 
This report deals with our experience with the thrombotic 


complications of heparin therapy on a vascular surgery 
service. 


SUBJECTS AND METHODS 


Between 1973 and 1978, seven patients were treated Zor throm- 
botic complications secondary to heparin therapy. These consisted 
of four women and three men with an age range of 51 to 71 years 
and an average age of 62 years. Indications for heparin adminis- 
tration were as follows: (1) thrombophlebitis in three patients, one 
of whom had a pulmonary embolus; (2) heparin prophylaxis for 
deep venous thrombosis in two; and (3) cardiac surgery and 
vascular reconstruction in one patient each. Venous gangrene 
developed in two patients, four patients had acute arterial oeclu- 
sions of the lower extremities, and one patient had an occluded 
femoral popliteal vein graft the evening of the operation. In six 
patients, the onset of thrombotic complications after the initiation 
of heparin therapy varied between five and 15 days for an average 
of 8.8 days. The seventh patient had an eight-day eourse of 
intravenous (IV) heparin therapy two months prior to construction 
of a femoral popliteal autogenous vein bypass. This patient 
occluded the bypass the night of surgery after re-exposure to 
heparin during the operative procedure. 

Heparin was administered intravenously in five patients and 
subcutaneously in two. Both patients receiving subcutaneous 
heparin were treated with intravenous heparin as well after the 
development of their thrombotic complications, 

Platelet aggregation tests were done on all seven patients. Nine 
milliliters of freshly drawn whole blood were collected by atrau- 
matic venipuncture using disposable polypropylene syringes and 
disposable 20-gauge hypodermic needles, and were anticoagulated 
with 1 mL cf 3.8% sodium citrate. Platelet-rich plasma (FRP) was 
obtained by centrifuging the freshly drawn citrated blood at 
75 X g for ten minutes. Platelet counts were performed on PRP 
using an electronic counter system. Platelet-poor plasma (PPP) 
was obtained by centrifuging blood at 1,450 x g for 15 minutes. 
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"ig 1.—Electron micrograph demonstrating fibrin platelet aggregates (original magnification x 9,200). 


Fig 2.—Electron micrograph demonstrating platelet (original magnification x 19,900). 
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Adenosine diphosphate (ADP) was prepared by dissolving 200 mg 


in 100 mL of distilled water and storing it at —20 °C. The working 


solution was prepared immediately before use by making a 1:20 
solution of the stock reagent in Owren's buffer at a pH of 7.35. The 
diluted solution was stored at 2 to 4 °C. Platelet aggregation 
studies were performed with a platelet aggregometer. At 37 ?C, 
24 mL of PRP were added to a siliconized cuvette containing a 
siliconized metal stir bar followed by 0.1 mL of the aggregating 
agent. 

The aggregating agents used were ADP alone (final concentra- 
tion, 1 x 10°°M), heparin alone (final concentration, 1 unit/mL of 
plasma), and ADP and heparin in combination. In the latter 
instance, the heparin was added to the cuvette first, followed by 
the PRP and the ADP. The final platelet count for all studies was 
250,000 + 50,000/cu mm. If the platelet count on the PRP of the 
patient was too low to qualify for use, PPP was mixed with normal 
PRP in a 1:1 ratio. Serial platelet counts were obtained in all pa- 
tients and fibrin split products were obtained in four patients. 

Electron microscopic studies were done on the thrombi of three 
patients. The fresh thrombi were fixed for two hours in 2% 
glutaraldehyde (buffered with 0.1M phosphate buffer). The speci- 
mens were then postfixed in 1% osmium tetroxide, dehydrated in a 
. graded series of alcohol, and embedded in Spurr’s low-viscosity 


White Clot Syndrome Platelet Aggregation Tests* 


Patient's Doner PRP + Patient's 
PRP + Heparin Sodium PPP + Heparin 






Patient 





*PRP indicates platelet-rich plasma and PPP, platelet-poor plasma. 
Platelet counts were too low to perform tests. 
tAdenosine diphosphate added with heparin. 
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epoxy.’ Thin sections were cut using diamond knives and were 
stained with lead citrate and uranyl acetate. 


RESULTS 


The ibrinogen level was normal in all patients. The 
amount of fibrin split products was mildly elevated in 
three patients, with results less than 30 ug/mL. One other 
patient had a fibrin split products value of 320 uz/mL. The 
prothrombin time was normal or slightly prolonged in all 
patiente. All seven patients demonstrated a noticeable 
decrease in platelet count, averaging 37,500/cu mm, with a 
range o^ 6,000 to 73,000/cu mm. 

Phlegmasia cerulea dolens of the lower extremity devel- 
oped in two patients that progressed to venous gangrene. 
In one cf these, a venous thrombectomy and isclated limb 
perfusion with dextran 40 and saline solution was 
attempted in an effort to clear blood clots from the venous 
system. Although limb perfusion improved arculation, 


established gangrene of the toes and distal foet necessi- 


tated a transmetatarsal amputation. The secord patient 
was the nitial patient in the series and had progression of 
thrombophlebitis to a phlegmasia cerulea dolens while 
receiving IV heparin therapy. The heparin therapy never 
was stopped and the patient died of an intracerebral 
hematoma. At autopsy, metastatic carcinoma tc the liver 
from an unknown primary neoplasm was deteeted. This 
was the only death in the series and the only patient who 
had a mzlignant neoplasm. 

There were five patients with arterial complications. 
Three were observed with acutely ischemic extremities 
while receiving heparin therapy. One obese pa:ient had 
subcutan2ous low-dose heparin administered prophylacti- 
cally for a vaginal hysterectomy. An acutely ischemie right 
leg developed four days postoperatively. Angiozrams at — 


that time suggested a femoral artery embolus despite the 


Fig 3.—Graph demonstrates effect of cessation of heparin sodium therapy on platelet 
count. Patient had thrombectomy of superficial femoral, popliteal, and tibial vessels on 
day noted by numbers on graph. On day 8, heparin therapy was discontinued after third 
thrombectomy. Platelet count promptly responded resulting in thrombocytosis of greate- 
than 500,000/cu mm by one week. 


Fig 4.—Graph demonstrates effect of 
cessation of heparin sodium therady on 
platelet count. Thrombocytopenia devel- 
oped secondary to heparin infused for 
maintenance of arterial line. Heparin ther- 
apy was discontinued on day 5. On day 14, 
bolus of heparin was injected into linb of 
aortic graft during resection of abdominal 
aortic aneurysm. Dextran therapy was 
started after aortic resection. 


20 25 30 


DAYS POST OPERATIVE 
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lack of an obvious cardiac or proximal arterial source. 
Heparin was used during the embolectomy. Reoperation 
was required in 24 hours because of recurrence of the 
ischemic symptoms. After the second embolectomy, the 


patient received continuous heparin in an attempt to : 


prevent further thrombotic complications. Two days after 
this, the platelet count was 29,000/cu mm and the heparin 
therapy was ciscontinued. An additional thrombectomy 
was performed but total occlusion of her runoff vessels 
developed that required a below-the-knee amputation. 
Two patients who had arterial insufficiency had the 
diagnosis mede at the initial operation. One patient was 
discharged wi:hout tissue loss. The second patient had 
extensive preexisting arteriosclerotic occlusive disease of 
the tibial peroaeal trunk and required an above-the-knee 
amputation. Tarombosis developed in two other patients 
after vascular operations. One patient had an emergency 
resection ef amexpanding abdominal aneurysm two weeks 
after corenary artery bypass. After the patient's cardiac 
surgery, he was noted to be thrombocytopenic. He subse- 
quently underwent resection of the aneurysm with replace- 
ment of am aortoiliac Dacron bifurcation graft. During this 
procedure, heparin was injected in the left limb of the 
graft. Occlusion of the left superficial femoral artery was 
noted in the recovery room. He was returned for a throm- 
bectomy without heparin that resulted in the patent vessel. 
The seeond pazient had an autogenous vein femoral popli- 
teal bypass two months after an eight-day course of 
heparin therapy. The patient received systemic hepariniza- 
tion during the operation. The vein graft occluded the 
night of surgery and on reoperation, white shreds were 


seen at the distal anastomosis. Revision of the distal 


anastomosis resulted in a patent graft. 

White thrombi were identified in four patients: three 
with primary arterial occlusion and one with an occluded 
femoral popliteal bypass. Electron microscopic study of 
these white clets showed fibrin platelet aggregates with an 
occasional WEC and only a rare RBC (Fig 1 and 2). 

The results of the aggregation tests are listed in the 
Table. In six patients, the patient's serum aggregated 
donor platelets. The seventh patient's platelets did not 
cause aggregation of the donor platelets but did cause 
aggregation of her own platelets. In three other patients, 
aggregation cf their own platelets with the addition of 
heparin alsc eccurred. The remaining four patients had 
platelet eounts that were too low to perform this test. All 
seven patier.ts received bovine lung heparin. 

The response of the platelet count to cessation of heparin 
therapy is seen in Fig 3. The platelet rebound was usually 
prompt, efter resulting in thrombocytosis of 500,000 to 
600,000 platelets per cubic millimeter in several days. The 
effect of antiazgregation agents, in this case dextran 40, is 
seen in Fig «. As indicated on the graft, a substantial 
increase m the platelet count did not occur until dextran 40 
therapy was started. In the six patients in whom the 
diagnosis of heparin-induced thrombocytopenia was made, 
heparin therepy was reversed, dextran 40 therapy was 
started, and tae patient was placed on long-term warfarin 
sodium (Courradin) therapy. Amputations were required in 
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four patients and consisted of two below-the-knee, one 
above-the-knee, and one transmetatarsal amputation. 


COMMENT 


The mechanism of action of heparin-induced thrombocy- 
topenia by aggregation of platelets is not well understood. 
The usual delay in the onset of the thrombocytopenia of 
four to ten days after the initiation of heparin therapy and 
the presence of a factor in the patient's plasma that 
aggregates normal donor platelets suggests an immune 
mechanism. This delay in onset of the thrombocytopenic 
response is also compatible with the length of time 
required for the formation of IgG antibody. Babcock et al' 
have demonstrated that protamine can abolish the heparin- 
induced aggregation. They have also established the 
presence of the aggregating factor in the globulin fraction 
of the patient's plasma with the modified platelet factor 3 
test. In several of their patients, platelet factor 3 availabil- 
ity was increased when their serum globulin fractions were 
incubated with heparin and normal PRP, thereby estab- 
lishing the presence of an antiplatelet antibody. This was 
not observed after absorption of the globulin fraction with 
antihuman IgG. Since the aggregating factor was noted 
with both porcine gut and beef lung heparin and was also 
unaffected by the use of beef lung heparin dialyzed against 
physiologic saline, it is probable that the heparin itself is 
responsible for the thrombocytopenia. Rhodes et al 
demonstrated an IgG-heparin-dependent antibody in the 
serum of several of their patients by means of the comple- 
ment lysis inhibition test. They also demonstrated a resid- 
ual heparin platelet aggregating effect 12 days to two 
months after recovery from the initial exposure to heparin. 
In these patients, a 24-hour infusion of heparin caused a 
mean reduction of platelet count of 197,000/cu mm. Since 
heparin preparations are not pure substances, it is also 
possible that a high molecular contaminant not eliminated 
by the extraction procedure may be the cause of the 
antiplatelet. effect. 

In contradistinction to several reports in the literature, 
increased heparin sensitivity rather than increased hepa- 
rin resistance was seen in several of our patients.’ We are 
uncertain as to the cause of this but presently believe that 
it is unrelated to the heparin-induced platelet-aggregating 
factor. The lone patient in this series in whom aggregation 
of her own platelets with heparin occurred but in whom 
donor platelets would not aggregate suggests perhaps that 
there are two different mechanisms involved. 

The clinical features of this syndrome are often dramat- 
ic. Any patient who has thrombotic complications while 
receiving heparin therapy should have heparin-induced 
aggregation of platelets considered. This is especially 
important in patients with arterial occlusions who do not 
have any other evidence of atherosclerotie vascular disease. 
At operation, the finding of a white clot at thrombectomy 
should alert the surgeon to the possibility of an induced 
thrombosis. Also, platelet-aggregating tests should be 
performed on any patient in whom recurrent pulmonary 
embolism develops while receiving adequate heparin ther- 


apy. 
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When heparin-induced thrombocytopenia is diagnosed, 
the heparin treatment should be reversed immediately 
with protamine, and dextran 40 is administered for its 
antiaggregating and rheologic effects. We also begin 
warfarin therapy and continue it for several months. In 
patients with venous disease, this is our usual treatment 
regimen. In patients with arterial occlusive manifestations 
of heparin-induced thrombosis, we give the patient long- 
term doses of warfarin because of the possibility of 
coexisting latent venous occlusive disease. 

The coagulation tests distinguish heparin-induced plate- 
let aggregation from other clotting disorders. The fibrino- 
gen level and prothrombin time are usually normal. The 
fibrin split products levels are normal or slightly elevated. 
The fibrin split products level was elevated in four of our 
patients. In three, it was only slightly elevated, less than 30 
„g/mL, not in the range normally seen in disseminated 
intravascular coagulation. The sole patient in the series 
with a noticeably elevated fibrin split products level was 
the initial patient in this series in whom the diagnosis was 
not made antemortem. The heparin therapy was not 
stopped, and prior to her death caused by an intracerebral 
hematoma, she had massive venous thrombosis involving 
both upper and lower extremities that resulted in the 
elevated fibrin split products level. 

Although all patients in this study received bovine lung 
heparin, one of the authors has seen this effect with 
porcine gut heparin in patients in a separate study, 
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indicatiag that this is not a species-specific phenomenon 
(unpublished data 1979 [C.H.] ). 

This experience suggests that it is imperative that all 
patients who are receiving heparin therapy have serial 
platelet counts done from the fourth day onward. It is our 
policy tc perform platelet counts every other day starting 
on the fourth day of heparin therapy. If a throm bocytope- 
nia develops, platelet aggregation studies should be 
performed immediately. With early recognition, mortality 
and the morbidity of major amputation can be prevented. 
Because of our early experience with this emtity, this 
condition was diagnosed early in our last four patients. The 
lone amputation in this later group was in a patient whose 
severe preexisting femoral, popliteal, and tibia occlusive 
disease prevented a complete thrombectomy. 


References 


1. Babeazk RB, Dumper CW, Scharfman WB: Heparin-induced immune 
thrombocytopenia. N Engl J Med 295:237-241, 1976. 

2. Nelson JC, Lerner RG, Goldstein R, et al: Heparin-induced thrombocy- 
topenia. Arch Intern Med 138:548-552, 1978. 

3. Frataatoni JC, Pollet R, Gralnick HR: Heparin-induced thrombocyto- 
penia: Conirmation of diagnosis with in vitro methods. Blood 45:395-401, 
1975. 

4. Baird RA, Convery FR: Arterial thromboembolism in patients receiv- 
ing systemic heparin therapy. J Bone Joint Surg 59:1061-1064, 1977. 

5. Bell WR, Tomasulo PA, Alving BM, et al: Thrombocytopenia occurring 
during the administration of heparin. Ann Intern Med 86:155-160, 1976. 

6. Spurr AB: A low viscosity epoxy resin embedding medium for electron 
microscopy J Ultrastruct Res 26:31-43, 1969. 

7. Rhodes GR, Dixon RH, Silver D: Heparin-induced thrombocytopenia. 
Ann Surg 186:752-758, 1977. 


Discussion 


W. STERLING Epwarps, MD, Albuquerque, NM: This is an 
intriguing but frightening syndrome brought to us by Drs Towne 
and Bernhard. Even though I have not really recognized this 
entity in any of our patients, I believe it exists, and if we become 
more aware of it and do more platelet counts of patients receiving 
heparin, we will see it more frequently. 

Just such a syndrome has been the occurrence of peripheral 
atherosclerotic emboli from proximal arterial plaques, a disease 
once thought to be quite rare but now known to be perhaps the 
most common cause of major arterial emboli or the so-called blue 
toe syndrome. 

It may be important in relation to the present discussion that 
many of the patients with atherosclerotic emboli that we have 
seen recently received heparin at the time that these emboli 
occurred. 

I would like to ask the authors if they have routinely made a 
search of their patients for proximal aortic plaques as a potential 
cause of the problem rather than local thrombosis due to heparin. 
We have been reluctant to use heparin after arterial reconstruc- 
tion, believing that it would not prevent occlusions in the patient 
on whom we did a poor technical job, and that the risk of benefit 
from heparin was outweighed by the risk of complications, the 
complication that we feared being hemorrhage and hematomas. 
This new risk of thrombosis will reinforce this principle and 
encourage us to continue to prefer dextran to heparin in the 
occasional postoperative patient. I really believe this is an impor- 
tant contribution and I appreciate your bringing this to our 
attention. 

WILLIAM P. MIKKELSEN, MD, Los Angeles: I would like to attest 
to the existence of this syndrome and to its catastrophic nature at 
times. I refer to a patient admitted to my hospital about one 
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month age with routine thrombophlebitis of a right lower extrem- 
ity. She received heparin and her leg was elevatec, and she 
responded in a routine fashion. 

By her eighth or ninth day, she was ambulatory. By the 12th 
day, we started reducing her heparin dose, and on that very day 
bilateral phlegmasia cerulea dolens developed that was of an 
extremely severe nature and that extended from her groins to 
toes. Both lower extremities were extremely edematous, blue, and 
cold. Her arterial pulses were impalpable, but she did haze Doppler 
pulses. 

At this -ime, it was identified that her platelet count was low, 
25,000/cu mm, and during the next three to four days in which 
doses of heparin were increased and she received continuous 
infusion, ber platelet count decreased to 9,000/cu mm. 

At this -ime, the abstract of this article was read end it was 
identified that we were dealing with this syndrome, so heparin 
therapy was immediately stopped. There was a dramati improve- 
ment with the legs becoming firey red in the thighs and just below 
the knees, but gradually demarcation occurred. She eventually 
demarcated and is now scheduled for bilateral amputa-ion above 
the knee on the left and below the knee on the right. 

ERNEST POULOS, MD, DALLAS: We have had over a number of 
years the same type of experience as is so well reported here. Our 
experience includes both thrombocytopenic complications and 
arterial and venous thrombotic occlusions while on therapeutic 
doses of heparin. 

The latest of these was seen this year in a 25-year-cld woman 
who was taking birth control pills in whom subclavian and axillary 
vein thrombosis developed on effort. Thrombectomy was carried 
out and while on heparin therapy, unrelenting headache, diplopia, 
and elevated spinal fluid pressure developed. Cerebral angiograms 
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showed complete-obstruction of nearly all venous egress from the 


skull. This was also eonfirmed by demonstration of jugular vein 
thrombosis on che side opposite subclavian vein thrombosis. 
Thromboeytoperia of severe degree developed. Because of prior 
experience of 2 Smilar nature, the heparin therapy was discontin- 
ued and warfaria therapy was begun. After prolonged treatment 
with eoumadin and steroids, the patient has had a complete 
recovery and is working full time. 

It is ef criticel importance to recognize untoward reactions to 
heparin as early as possible and to reverse these effects without 
delay. 

THomas G. Barres, MD, Skokie, Ill: I would like to alert this 
organization to the fact that the manufacture of heparin has 
recently ehanged. Fer many years the manufacturers used bovine 
lung and now they use not only bovine lung but also porcine lung 
as well as intes*ine as a source of heparin. I think we need to look 
into the possibility that the new sources of heparin or other 
changes in its manufacture may be a cause for this difficulty. 

RAYMOND C. tap, MD, Little Rock, Ark: This is an important 
contributien. I wondered whether the authors could dilate more on 
the time relaticnship because they did mention that we should be 
measuring platelet count some days after heparin therapy is 
instituted, and yet in their presentation they mentioned one 
patient who eacountered difficulty the evening after heparin 
therapy had dezun. 

EpWaARD A. Dainko, MD, San Bernardino, Cal: We had an 
experienee similar to this several years back. A patient had 
Leriche’s syncrome with an occluded aorta. While receiving 
heparin therapy, multiple blue toes were noted and on assessment 
of the platele. count we found that the count was less than 
20,000’cu mm. We discontinued the use of heparin and that is all. 
We did not use dextran or anything else, and the patient's 
condition did mprove. However, it gave us some concern about 
how to handle his aortic operation that was simplified for us since 
the patient desired treatment elsewhere. 

About the same time, an article was published in Surgery, 
Gynecology, aad Obstetrics on heparin-dependent-platelet anti- 
body, and I wondered if any antibody titers or any antibody 
studies were made on these patients. - 

JONATHAN E. TowNE, MD: Dr Edwards, we look for possible 
proximal sources of arterial emboli. In fact, this is how we first 
noted the suprarenal moth-eaten appearance of the aorta typical 
of this syndrome. In patients with symptoms compatible with 

arterial em5di, we examine the thoracic aorta as well as the 
intrarenal aorta looking for ulcerated plaques. 
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I would like to thank Dr Mikkelson for giving us an illustrative 
case. His case points to the absolutely catastrophic effects of this 
syndrome. 

I would also like to thank Dr Poulos for his comments as well. 

Dr Baffes, all of our patients received bovine lung heparin. 
However, in a larger series that Dr Hussey, our hematologist, has 
studied, this syndrome was caused by porcine gut heparin as well. 
The source of the heparin is independent of the occurrence of this 
syndrome. 

The patient who had an occluded femoropopliteal bypass graft 
had a femoropopliteal bypass done at another hospital two months 
prior. Because it was a tenuous distal anastomosis, her surgeon 
placed her on heparin therapy for seven days. She was then 
referred to Dr Bernhard two months later who performed a 
femoral distal popliteal bypass that occluded the night of surgery. 
We believe that her prior exposure to heparin was the cause of this 
syndrome in this patient. 

We have never seen heparin-induced platelet aggregation devel- 
op without prior exposure to heparin. Initially, we thought the 
patient in whom heparin-induced thrombocytopenia had devel- 
oped after cardiac surgery was the first such patient. However, on 
closer evaluation, it was found that the cardiologists used heparin 
during the coronary angiogram. 

Dr Dainko, I think the article to which you were referring was 
by Roades and Silver who demonstrated antibodies. We did not do 
antibody studies, but the platelet aggregation test certainly 
suggests the presence of an antibody in the patient’s plasma that 
aggregates normal platelets. More elaborate studies have been 
done and have shown that this factor travels in the IgG globulin 
fraction, and if antihuman IgG globulin is added, the positive 
aggregation test is abolished. 

This study illustrates three points. First of all, when treating a 
patient with venous or-arterial thromboses with heparin and the 
thromboses progresses while under treatment, the initial reaction 
is to increase the heparin dosage. If the cause of the progression of 
the thrombosis is heparin-induced platelet aggregation, this will 
have catastrophic results. In our series, this resulted in death in 
one patient and an above-the-knee amputation in another. Second, 
since low-dose heparin therapy as prophylaxis for pulmonary 
embolism is in vogue, physicians need to be aware that there are 
complications of low-dose heparin other than bleeding problems. 
Third, when an atypical arterial occlusion develops while a patient 
is receiving heparin therapy, this syndrome should be considered. 
If this diagnosis is made early, and the heparin therapy is 
reversed, the results are excellent. 


White Clot Syndrome—Towne et al 377 














.| de 





: ad France 


how they operate and 
what they mean to users 
and to people 

who work in them. 






The French | 
Health Care System 


The British 
Health Care System 


ISLA 
VAR 








today! 


Order Handling, AMA, 535 N. Dearborn St., 
Chicago, IL 60610 


Please send me 
below. 





copy(ies) of the book(s) 


The French Health OP-460 at $3.50 
Care System 


The British Health OP-461 at $7.50 
Care System 


Name 





Address 





City/State/Zip 





Remittance, made payable to AMA, must ac- 
company order. S/J 


o — — — — — — — — — — — — — — — 


depth sfudies 
€` the health care 
svstems of Britain 























Britain. employs a predominantly nationalized 
free-to-user health care system. France offers 
its citizens a comprehensive health anc social 
insurance system. 


These Fighly readable, comprehensive studies, 
preparec by a research firm in London and pub- 
lished by the American Medical Association, offer 
an oppo'tunity to step inside each system to ex- 
amine its administration...evaluate its achieve- 
ments and problems...and to get a feel for what 
it's like to use it and work within it. 


What's more, you'll learn how and why the pre- 
sent systems evolved...how they are financed 
...the range and quality of services available... 
the train ng and distribution of medical person- 
nel...anc what effects each system has had upon 
the healt of the general population. 


Everyone in the medical profession shou d read 
both of -hese fascinating studies on how other 
nations have organized the delivery of health care. 


Ced: 
f aa. 


i oe Ll 


Altered Coagulation 


After Albumin Supplements for 


Treatment of Oligemic Shock 


Stemple D. Johnson, MD; Charles E. Lucas, MD; Stanley J. Gerrick, MD; 


Anna M. Ledzerwood, MD; Roger F. Higgins, PhD 


* Coagulaticn and need for postoperative blood and plasma 
therapy were studied in 94 injured patients requiring massive 
transfusions (average = 14.4); 46 patients, by i selection, 
received supplemental albumin. Albumin therapy creased total 
protein concentration (6.4 vs 5.8 g/dL), serum albumin level (4.2 
vs 2.9 g/dL). and plasma volume (3,895 vs 3,579 mL) but not 
RBC volume 71 520 vs 1,530 mL). During the initial five postoper- 
ative days, patients receiving albumin required more transfu- 
sions (7.1 vs 38) and plasma (455 vs 317 mL). This increased 
need for blood and plasma correlated with a significant decrease 
in fibrinoger (238 vs 405 mg/dL) and prolongation of the 
prothrombin time (2.6 vs 1.4 seconds). The partial thromboplas- 
tin time was prolonged and the platelet concentration was 
decreased im albumin-treated patients, but not significantly. 
Deficiencies ir specific coagulation factors have not yet been 
identified but are being studied. Impaired coagulation is another 
potential hazard of supplemental albumin therapy, which is 
probably cortraindicated in injured patients. 

(Arch Surg 114:379-383, 1979) 


mpaired coagulation and increased need for transfusions 
was unexpectedly noted in patients resuscitated from 
oligemic shock with supplemental albumin. This observa- 
tion was made in a preliminary report showing that 
albumin, wien added in a random manner to a standard 
nonalbumir resuscitation regimen, causes substantial 
pulmonary failure. The present study was designed to 
determine whether this serendipitous observation was 
related to a bamin therapy as the randomized study contin- 
ued toward its conclusion. This analysis was facilitated by 
the retrieval of various coagulation study results that had 
been ineidenzally collected, computer coded, and stored as 
part of the data bank of those patients reported in the 
preliminary study. 


MATERIALS AND METHODS 


From Noveriber 1975 through October 1977, 94 patients were 
treated for serious injury on: the Emergency Surgery Service at 
Detroit General Hospital; they received multiple transfusions and 
survived a m nimum of 24 hours. The standard resuscitation 
method usec for all patients included lactated Ringer's solution 
initially, followed by whole blood replacement within 35 minutes 
when the type and cross-match had been completed. Type specific 
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uncross-matched blood occasionally was given during the first 35 
minutes when vital signs were unresponsive to the rapid infusion 
of lactated Ringer's solution. Low titer type O blood rarely was 
given in these patients. Ongoing therapy was monitored by 
changes in vital signs and hemoglobin levels. The therapeutic 
objectives were to maintain a hemoglobin level of 12 g/dL and 
normal vital signs including blood pressure, pulse, pulse pressure, 
and urine output. Fresh frozen plasma was added in patients 
receiving massive transfusions to replace coagulation factors 
washed out by bank blood replacement.* Based on hospital unit 
number, 46 patients received supplemental albumin up to a 
maximum of 150 g prior to end of their operations followed by 150 


g/day for the next three to five days. This dosage was given to © 


restore serum albumin levels to normal and was calculated on the 
basis of previous observations in humans.’ The period of active 
hemorrhage, caleulated from the time of admission to hospital 
until the end of the operation that controlled bleeding (phase 1) 
averaged nine hours in the 94 patients who sustained an average 
of 31 minutes of shock (blood pressure — 80 mm Hg) and who 
received an average of 14.6 transfusions, 9,231 mL of balanced 
electrolyte solution, and 836 mL of fresh frozen plasma (FFP). The 
average age was 32 years and the cause of injury was gunshot 
wound in 60 patients, stab wound in 19 patients, and blunt 
instrument injury in 15 patients. There were no significant 
differences between the two groups in regard to resuscitation, 
age, or type of injury. Patients randomized for supplemental 
albumin received an average of 31 g of albumin during opera- 
tion. 

Following operation, most patients generally entered into a 
period of extravascular fluid sequestration as reflected by salt and 
water retention and weight gain (phase 2); This period was 
significantly prolonged in patients receiving supplemental albu- 
min and averaged 37 hours compared with 28 hours in patients not 
receiving albumin. When the hemoglobin level was stabilized 
postoperatively, a balanced electrolyte solution or 0.3N saline was 
used to maintain vital signs and urine output. During phase 2 the 
albumin-treated patients received an average of 198 g of supple- 
mental albumin. Fresh frozen plasma replacement during phase 2 
was used primarily to correct a clinically recognizable bleeding 
diathesis. Following this period of extravascular fluid sequestra- 
tion, these patients entered into a period of fluid mobilization and 
diuresis (phase 3).* Phase 3 was significantly prolonged in albumin 
patients, averaging 9.8 days compared with 5.4 days in patients 
not receiving albumin. The therapeutic objectives in phase 3 were 
similar to those in phase 2 although the volume of fluid replace- 
ment was lowered significantly (P — .05) during this mobilization 
period. The albumin-treated patients received an average of 395 g 
during the initial four days of phase 3. 

During the postoperative period, serum proteins (TSP), serum 
albumin (SA), fibrinogen concentrations (Fib), prothrombin time 
(PT), partial thromboplastin time (PTT), and platelet co 
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Table 3.—Coagulation Studies After Albumin Therapy 


ECUEC 


—. including a,-globulin, a.-globulin, B-globulin, and y-globulin, we — 


determined by electrophoresis in cellulose acetate gel followed b) 
staining and densitometer reading.'^ Plasma volume was deter- 
mined by the iodinated serum albumin technique and RBC volume 
was determined by the radioactive chrome technique.* Although 
these measurements were made serially, only the first measure- 
ment made on each patient was used for statistical analysis when 
the two groups were compared. The data obtained for each of 
these analyses were correlated by using the Student's t test for 
independent variables with significance being inferred when the 
level of confidence was greater than 95%. 

Further delineation as to whether observed differences in 
eoagulation were related to the need to give blood or plasma were 
analyzed by comparing the PT, PTT, Fib, and PLT with the 
amount of blood and FFP given in phase 2, phase 3, and phases 2 
and 3. These relationships were analyzed for correlation coeffi- 
cient (r) for both the albumin-treated and nonalbumin-treated 
patients. Any noted relationship between coagulation factor and 
the amount of blood or FFP replaced was considered significant 
when the level of confidence was greater than 95%. 


Table 1.—Blood Volume Changes After Albumin Therapy 










Albumin- 

Treated Nonalbumin- 

Patients treated Patients 
- A Total blood volume, mL * 5.475 + 1,387 5.262 + 1,267 


Total blood volume, mL} 5,385 + 1,498 4,851 + 997 
Plasma volume*1 3,895 + 966 3,579 + 819 


RBC volumeti 1,520 + 466 1,530 + 572 
Hemoglobin, g/dL 10.2 + 1.6 10.9 + 1.9 












*Determined by iodinated serum albumin technique. 

tDetermined by chromium Cr 51 serum albumin technique. 

iAlbumin caused a significant increase in plasma volume* and no 
change in RBC volume. 


Table 2.—Blood and Plasma Therapy 


Albumin- Nonalbumin- 
Treated treated 
Phase Patients Patients 
2 
Blood, units 45+ 5.4 2.8 + 3.4 
FFP,* mL 403 + 619 261 + 431 
















3 
Blood, units (first 4 days) 2.6 + 2.9 1.0 + 1.2 


FFP,* mL (first 4 days) 52 + 128 57 + 237 
2 and 37 
Blood, units 7.1 3.8 


*Fresh frozen plasma. 

+Blood replacement in both phases 2 and 3 was significantly greater in 
albumin-treated patients; FFP replacement in phase 2 was significantly 
greater in albumin-treated patients. 












Albumin- Nonalbumin- 
| Treated treated 
Patients Patients 
Fibrinogen, mg/dL* 238 + 106 405 + 181 
Partial thromboplastin time, 
S 41 + 16 38 + 18 
Prothrombin time, s beyond 
control 2.6+ 4 14+13 
Platelet concentration, 


1 x 10° 94 + 48 106 + 60 





*Albumin therapy was associated with a significant (P — .05) decrease 
in fibrinogen concentration and prolongation of the prothrombin time. 
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RESULTS 


Supplemental albumin produced a significant increase in 
total serum protein and serum albumin levels that aver- 
aged 6.4 g/dL and 42 g/dL in the albumin patients 
compared with 5.8 g/dL and 2.9 g/dL in patients not 
receiving supplemental albumin. This increase in total 
serum protein and serum albumin concentrations was 
present throughout all of the first five days following 
injury. The patients receiving supplemental alb imin had 
an average hemoglobin concentration of 10.2 g/dL 
compared with 10.9 g/dL in the nonalbumin-treated 
patients. This decrease in hemoglobin concentration 
reflected the inerease in plasma volume in albumin-treated 
patients that averaged 3,895 mL compared with 3,579 mL 
in the nonalbumin-treated patients. The RBC volumes 
were comparable, averaging 1,531 mL in the albumin- 
treated patients compared with 1,519 mL in the nonalbu- 
min-treated patients (Table I). | 

Despite the comparable RBC mass, the albumin-treated 
patients received an average of 4.5 transfusiors during 
phase 2 compared with 2.8 transfusions in the nonalbumin- 
treated patients and 2.6 transfusions in phase 3 compared 
with 1.0 for the nonalbumin-treated patients. The total 
blood replacement for phases 2 and 3, therefore, was 
significantly elevated in the albumin-treated patients who 
received 7.1 transfusions compared with 3.8 for tre nonal- 
bumin-treated patients (Table 2). The albumin-treated 
patients also received significantly more FFP during 
phase 2 (403 mL) compared with the nontreated patients 
(260 mL), but both groups of patients received a similar 
amount of FFP during the first four days of phase 3 (Table 
2). The total amount of FFP received during the first five 
days was significantly greater in albumin-treated patients 
(455 mL) eompared with the nonalbumin-treated patients 
(317 mL). 

Concomitant with the increased need for transfusions 
and FFP in the albumin-treated patients, there was a 
significant decrease in Fib and a significant prolongation 
of PT; the Fib averaged 238 mg/dL in the albumin-treated 
patients compared with 405 mg/dL in the nonalbumin- 
treated patients, whereas the PT was prolonged by an 
average of 2.6 seconds in the albumin-treated patients 
compared with 1.4 seconds in the nonalbumir-treated 
patients (Table 3). The PTT was also prolonged in the 
albumin-treated patients and the PLT was decreased in 
the albumin-treated patients, but these changes were not 
statistically significant (Table 3). The lowered fibrinogen 
levels were observed in the albumin-treated patients 
throughout phases 2 and 3 and were most significant 
during the first 48-hour period of phase 3 when the Fib 
averaged 617 mg/dL in the nonalbumin-treated patients 
compared with 328 mg/dL in the albumin-treated 
patients. The prolongation of the PT was most significant 
in the first 48 hour period of phase 3 when the altered PT 
was an average of 4.1 seconds beyond contro in the 
albumin patients compared with 1.6 seconds beyond control 
in the nonalbumin-treated patients. i 

The degree of hypofibrinogenemia correlated directly 
with the amount of blood and FFP given in both »5hases 2 
and 3 for both the albumin-treated patients and the 
nonalbumin-treated patients. This correlation was statisti- 
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Albumin-Treated 
Patients 
—— 


r P 


Patients 
eo 


P 








Phase 2 blood Em) 14 B5 2 
Phase 3 blood (first 4 days) —45 .02* 08. .03" 
Phase 2 FFP} 2294  .04* —25 08 

Phase 3 FFP} (first 4 days) —.28  —.09 —45 .006* 
Phases 2 ard 3 blood  #-—.31 .06 Eg AER 
Phases 2 ard 3 FFP} = 21 47 = 308  .02* 


*Statistically significant; correlation coefficient (r) indicates an inverse 
relationship wher the value is negative. 
+Fresh frozen plasma. 


Tebie 6.—Altered Prothrombin Time vs 
Blood and Plasma Replacement 


Nonalbumin- 
treated Patients 


aa 


Albumin-Treated 
Patients 


——— -^n 


r P r P 
Phase 2 blocd —.2 .46 .33 .002* 
3 


Phase 3 blocd (first 4 days)  —.7 4 .006* 


Phase 2 FFP* —.01 4 33° ,.002* 
65 


9 
Phase 3 FFP# (first 4 days) —.02 47 .0001* 
Phases 2 and 3 blood —.06 .38 41 .005* 
Phases 2 and 3 FFP} —.09 3 52 . .005* 
*Statisticallv significant; correlation coefficient (r) indicates an inverse 
relationship wen the value is negative. Altered prothrombin time indicates 


seconds above sontrol. 
TFresh frozen piasma. 


cally significant for the number of transfusions given in 
phase 3 to both groups of patients; for the FFP given in 
phase 2 to th» albumin-treated patients; for the FFP given 
in phase 3 to the nonalbumin-treated patients; for the FFP 
given in both phases 2 and 3 to the nonalbumin-treated 
patients (Table 4). The platelet level correlated inversely 
with the ameunt of blood and plasma given in both phases 2 
and 3 to bcth the albumin-treated and nonalbumin-treated 
patients. “his correlation was significant, however, only 
for the amount of FFP given in phase 3 to the albumin- 
treated patents (Table 5). The prolongation of the PT 
correlated directly with the amount of blood and plasma 
given durirg both phases 2 and 3 in the nonalbumin- 
treated patents but showed no such correlation with the 
albumin-tzeated patients. This correlation was statistically 
signifiean: fer both the plasma and blood replacement 
required in both phases 2 and 3 in the nonalbumin-treated 
patients (Table 6). The duration of the PTT correlated 
directly with the amount of blood and plasma given in both 
phases 2 end 3 for both groups of patients. This correlation 
was statistically significant for the number of transfusions 
given in phase 2 to both groups of patients; for the amount 
of FFP given in phase 2 to the albumin-treated patients; 
for the number cf transfusions given in both phases 2 and 3 
to both groups of patients; for the amount of FFP given in 
phases 2 and 3 to the albumin-treated patients (Table 7). 


COMMENT 


These findings confirm previous suspicions that supple- 
mental albumin, when added to a standard resuscitation 
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= Table 5.—Platelet Concentrations vs - 
^  — Blood and Plasma Replacement 






Nonalbumin- E 
treated 
Patients 


Albumin-Treated 
Patients 






Phase 2 blood —.06 .36 —.26 .08 
Phase 3 blood (first 4 days)  —.25 .06 —.12 .25 
Phase 2 FFP* —.06 .35 —.12 .25 
Phase 3 FFP* (first 4 days) — —.44 .0031 —.22 A 

Phases 2 and 3 blood —.12 2 —.24 .09 
Phases 2 and 3 FFP* — —.1 29 —.18 16 


*Fresh frozen plasma. 
tStatistically significant; correlation coefficient (r) indicates an inverse 
relationship when the value is negative. 


Table 7.—PTT* vs Blood and Plasma Replacement 


Nonalbumin- 
treated Patients 


Albumin-Treated 
Patients 


.03t .45 .03T 
03+ 27 


Phase 2 blood 46 





*PTT indicates partial thromboplastin time. 

+Statistically significant; correlation coefficient (r) indicates an inverse 
relationship when the value is negative. 

tFresh frozen plasma. 


regimen for oligemie shock, causes a significant increase in 
the amount of blood and plasma needs in the postoperative 
period.' Furthermore, these increased needs are associated 
with a significant alteration in various coagulation factors. 
The clinical implications of this serendipitous observation 


are widespread. In the past, patients being treated for . 


severe oligemic shock requiring massive transfusions have 
experienced a significant “washout” of various coagulation 
faetors from the infusion of bank blood, which may be 
deficient in platelets, fibrinogen, factor V and factor VIII.’ 
When fresh blood is not readily available, supplementation 
of massive transfusions with one unit of FFP for every 
four transfusions has been advocated. Since this washout 
of coagulation factors parallels the hypoproteinernia and 
hypoalbuminemia following resuscitation of severely 
shocked patients, supplemental albumin infusion has been 
advocated to increase colloid oncotic pressure and, thereby, 
prevent injury to other organs, particularly, the lungs.'* 
Although many patients have received supplemental albu- 
min for these reasons, no previous studies have been 
performed to determine the effect of albumin on coagula- 
tion. Altered coagulation, in the past, has been ascribed to 
the washout phenomenon rather than albumin supplemen- 
tation. None of the findings in this study, therefore, was 
suspected and certainly would not have been made if it had 
not been for the ongoing multiorgan system data collection 
that was serendipitously recorded and computerized for 
easy retrieval at a later date. Since the results were not 
predicted when the computer program was designed, no 
data were obtained on individual coagulation factors such 
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THE COAGULATION MECHANISM | 


FACTOR IXa 


FACTOR VIII 


PROTHROMBIN 


FACTOR Xp 
FACTOR V 


FACTOR X 


FACTOR VII THROMBIN 


"TISSUE FACTOR" 


FIBRINOGEN — > FIBRIN 


«- PLASMIN 


FIBRIN SPLIT PRODUCTS 


Factor involvement in major steps of secondary hemostasis, 
coagulation mechanism. Prothrombin time monitors extrinsic 
pathway and partial thromboplastin time monitors monitors intrin- 
sic pathway. 


as factors V, VII, VIII, and fibrin split products. 

This increased need for blood replacement after albumin 
therapy was not related to a dilutional effect secondary to 
the increased plasma volume. Although albumin-treated 
patients had an increase in plasma volume, the RBC 
volume was almost identical for each group. The mecha- 
nism by which albumin impairs coagulation and leads to an 
increased need for transfusions and plasma is not clear. 
Normal hemostasis may be subdivided into primary hemo- 
stasis and secondary hemostasis.’ Primary hemostasis is 
the process leading to a platelet plug. This process begins 
with platelet exposure to collagen or basement membrane 
precipitating a single layer platelet deposition on the 
injured vessel; it continues with platelet aggregation 
mediated through platelet release factors and terminates 
in a platelet plug that contains no fibrin. Albumin- 
induced deficiency in this primary hemostatic mechanism 
is unlikely since platelet levels were comparable for both 
groups. Unfortunately, tests for thrombocytopathy, such 
as decreased platelet adhesiveness or aggregability, were 
not done. Theoretically, albumin or one of its by-products 
could alter platelet function without actually causing a 
significant decrease in the overall number. The final 
question regarding albumin effect on primary hemostasis 
must be resolved by other studies. 

Secondary hemostasis is the process whereby the platelet 
plug is replaced with a fibrin plug; it is referred to as the 
coagulation mechanism.’ Amidst the myriad of reactions 
making up the “cascade of coagulation” there are three 
major steps: (1) the formation of activated factor X (factor 
Xa) from factor X; (2) the conversion of prothrombin to 
thrombin, which is mediated by factor Xa; (3) the forma- 
tion of fibrin from fibrinogen, which is mediated by 
thrombin. The conversion of factor X to factor Xa initiates 
the coagulation mechanism; this reaction may occur 
through both the intrinsic pathway or the eztrinsic path- 
way. The intrinsic pathway complex, which facilitates this 
conversion, is made up of phospholipids, calcium ions, 
factor IXa, and factor VIII. Any deficiency in the intrinsic 


pathway may be identified by prolongation of the PTT. 
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ids, calcium ions, "tissue factor," and facto- VII; the 
effectiveness of this pathway is monitored by the PT. 

Although the average PTT was prolonged ia patients 
receiving albumin, this difference was not statistically 
significant. There was, however, a significant positive 
correlation between the PTT and the need for bwod in the 
postoperative period in both the albumin-treated and 
nonalbumin-treated patients. Speculation as te whether 
this positive correlation reflects a deficiency in factor IXa 
or factor VIII must be resolved by direct measur2ments of 
these factors. The significant prolongation of the PT in 
albumin-treated patients suggests a factor VII Jeficiency 
may have been created in the albumin-treated patients. 
The other constituents of the extrinsic pathway are most 
ubiquitous and would not likely be altered by albumin 
therapy. Furthermore, deficiency in factor IX, factor VII, 
or factor XI might lead to prolongation of either the PT or 
PTT since they all facilitate the formation of factor X 
(Figure). Specific identification of possible deficient 
factors are in progress using blood samples tiat have 
remained frozen since collection. Such measurements 
should also answer the question as to whether albumin, by 
increasing intrahepatic interstitial oncotic jressure, 
induces an overall decrease in hepatic protein synthesis.* 
Previous work has demonstrated that supplemental albu- 
min causes a significant decrease in the globulin ?raetions 
and most of the coagulation factors fall within the a,- and 
B-globulin fractions. Such a negative feedback mecha- 
nism, whereby increased serum albumin levels lead to 
decreased protein synthesis by the liver, has never been 
described. The liver synthesizes all the coagulation factors 
except factor VIII. A selective depression in all factors, 
excluding factor VIII, would support such a negative 
feedback mechanism. Alternatively, albumin may alter 
hepatocellular recovery from shock by impeding oxygen or 
salt diffusion across tissue ground substance within the 
liver. Such theories are highly speculative, however, and 
await further delineation in animal models that monitor 
membrane, ribosomal, and endoplasmic reticular func- 
tion. 

The conversion of the fibrinogen to fibrin is mediated by 
thrombin, which splits the fibrinogen monomer. which 
then polymerizes and finally stabilizes as a fibrin pl ig. The 
fibrin plug shortens as the individual fibers centract. 
Fibrin formation and maturation are in dynamic equilib- 
rium with the fibrinolytic system, whereby plasmin breaks 
down fibrin producing fibrin split products. The signifi- 
cant decrease in fibrinogen concentrations in patients 
receiving supplemental albumin might reflect a fall in 
hepatic synthesis leading to impaired coagulation, 
although few patients had levels below 100 mg/dL. The 
positive correlation between hypofibrinogenemia and the 
increased need for blood and plasma replacement, however, 
suggests that these lower levels of fibrinogen in albumin 
patients may have been causative. A more interesting 
speculation allows that albumin therapy may have zltered 
the fibrinolytic system. According to an oral communica- 
tion by Thomas some commercial albumin is known to 
contain small quantities of kinins (November 1979), and 
prekallikrein activators that are known to modify cbtting 
and fibrinolysis. Maximum acceptable levels of these 
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by-produets © commercial albumin have been re 
since 1976; fibrinolysis secondary to these kinins, t 
fore, would ikely be greater in patients treated prior to 
1977. No such increase was noted, although more careful 
examination cf this phenomenon is in progress as fibrin 
split products are being measured in the remaining 
samples. 

One area o^ potentially fruitful clinical investigation 
revolves around the effect of albumin on coagulation in 
patients undergoing cardiopulmonary bypass. A controver- 
sy about the merits of albumin supplementation in the 
bypass prime aas existed for many years. Analysis of blood 
replacement aeeds and changes in coagulation factors 
following cardiopulmonary bypass in patients receiving 
albumin or n» albumin might provide vital information 
about the albumin effect on the coagulation mechanism. 
Other in vitrc and animal studies should be performed to 
help identify and possibly eliminate the injurious agent in 
commercial albumin that leads to impaired coagulation. 
Pending completion of such studies in animal or prospec- 
tive clinical »valuations that contradict these findings, 
impaired coagulation should be anticipated after supple- 
mental albumin therapy. This hazard of exogenous supple- 
mental albumin therapy for shock is one more reason why 
its use in ecmparable patients should be abandoned. 


This investization was supported by the Detroit General Hospital 
Research Corp. 


Nonprop'ietary Names and Trademarks of Drugs 


Iodinated serum albumin—RIJSA. 
Chromium Cr 51 serum albumin—Chromalbin. 
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Discussion 


Jack PricELzMAN, MD, Maywood, Ill: This is an excellent study; 
however, I wonder if another variable could be working here. Some 
research front Loyola University Medical Center in the last year or 
so has shown that the commonly used radiopaque contrast media 
can induce su stantial bleeding abnormalities in vivo and in vitro. 
As these patients all had severe trauma, do you have data on how 
many of these patients underwent administration of contrast 
media for intravenous pyelography or arteriography? 

RICHARD © Krart, MD, Ann Arbor, Mich: We have looked to Dr 
Lucas and hi- colleagues for assistance over the years in the care 
of critically i patients. Dr Lucas for some time has questioned the 
use of albumin in the resuscitation of the patient suffering from 
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here- —. colloid and recognizing that (1) the parallelism to the use of this 
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additive to the clear prime during extracorporeal circulation and 
(2) the lack of uniformity of opinion regarding the need for the 
albumin added to the clear prime, we, in concert with our thoracic 
surgeons, deleted the use of albumin during open heart surgery— 
as of one year ago at a cost savings of approximately $30,000 per 
annum. It was then that Dr Lucas and I decided to see whether or 
not any significant changes occurred between these two groups of 
patients (extra corporeal circulation with and without albumin 
added to the prime). 

Otto Gago, MD, cardiac surgeon, allowed Greg Ruff, MD, 
Surgery House Officer, and myself the privilege of reviewing (as 
quickly as we could prior to getting on the airplane for Arizona) 
data from 27 patients who had albumin as part of their prime (37.5 
g each) and 14 patients in whom albumin was not used. Each of 
these patients had undergone coronary bypass and at least four or 
five anastomoses. 

In a rough "end result analysis” the following results were in 
evidence: 


With Without 

Albumin Albumin 
Postoperative stay, days 10.0 9.3 
Blood transfusions, av units 4.7 3.9 
Plasma, av units 0.8 1.6 


Total blood and plasma, av 

. units 5.5 5.5 

Change from initial to final 
hematocrit reading during 

hospitalization, % Negative 5.7 Negative 5.4 

Postoperative coagulation studies were not carried out routinely 
and hence, not available for specific analysis. 

Though the numbers are few, they do seem to eonfirm that there 
is no apparent advantage to the addition of albumin to the 
extracorporeal prime. The numbers of patients and the informa- 
tion derived are not adequate to imply an adverse impact. 

Dr Lucas: When I asked Dr Kraft to review his data, I did not 
know whether the administration of albumin to the prime without 
adding albumin in the postoperative period would cause changes 
similar to those found in our study, but on the basis of his early 
report, it looks like it does. 

Dr Pickleman, the use of arteriography or intravenous pyelogra- 
phy would not have affected the randomization. 

When one looks at the coagulation mechanism, there are three 
prime reactions that are especially critical. These include the 
conversion of factor X to activated factor, which, in turn, facili- 
tates the conversion of prothrombin to thrombin, which, in turn, 
facilitates the conversion of fibrinogen to fibrin. 

What we are looking for in the remaining frozen specimens is 
whether there are some kinins or prekallikrein activators causing 
fibrinolysis; presence of these activators would explain our 
decreased fibrinogen levels. The extrinsic pathway that controls 
the conversion from factor X to activated factor X can be 
monitored by the PT. We are determining whether there is a 
decrease in factor VII to explain the prolongation in the PT. 

The intrinsic factor is monitored by the PTT. We are looking at 
factor VIII antigen to determine whether there is a deficiency in 
factor VIII. 

The most exciting part of this study relates to how albumin 
might alter liver function. All of the coagulation factors, with the 
exception of factor VIII are produced by the liver. If, indeed, 
albumin, by increasing the intrahepatic interstitial oncotic pres- 
sure, shuts off the production of proteins by the liver, then 
presumably we will find a decrease in all of the coagulation factors 
with the exception of factor VIII. 

If this is true, then the importance of this finding is much 
greater than the coagulation changes presented in this study. 
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. Hiveyears. 
ofclinical experience 
for the serious _ 
anaerobic infection 

you treat today 


Extensive research and clinical experience have . 
established that anaerobic bacteria, once thought 
innocuous, are often the cause of serious infectio S. 
During this time, clinical experience has 
also established the efficacy of Cleocin* Phosphate — 
(clindamycin phosphate injection, NF) in serious 
anaerobic infections— primarily intra-abdominal AUN 
sepsis and female pelvic infection—used concomitantly | 
with appropriate surgical procedures. 
Clindamycin has maintained an excellent record 
of in vitro activity against Bacteroides fragilis, the most 
commonly isolated anaerobic pathogen in these infections. 






















In Vitro Susceptibility of B. fragilis at Three Infectious Disease Centers* 
as Determined by Agar or Broth Dilution Method 


Cumulative Percentage at 
Various Concentrations (ug/ml) 


=2.0 =4.0 =8.0 











Number of 
Strains 


Center Tested 






PME. (01972 Fy 195 E. O. 2 400 
Eu cir) MUWIS S d$ o0. 99 (100 — 100 
. Wadsworth to 1972 123 89 96 100 
1972-75 76 84 96 100 

Tufts 1973-76 26 100 100 100 
1977 59 98 98 98t 
1978 37 100 100 100 


*Published data or data on file with The Upjohn Company. The use of this data does not 
constitute, imply, or suggest a recommendation of Cleocin by these centers. 


*Of 678 strains tested at these centers, only one resistant strain, with an MIC of 32 ug/ml, 
was encountered. 





In a study of six healthy male volunteers receiv- 
ing 600 mg intravenous infusions of Cleocin Phosphate 
every six hours, the mean peak serum concentration 
following the fourth dose was 10.42 ug/ml. The mean 
serum concentration immediately before infusing the 
fourth dose was 3.27 ug/ml. 

The parenteral route is recommended initially. 
Oral Cleocin® HCI (clindamycin HCI capsules, USP) 
may be instituted when the patient's clinical status 
has improved. 

As there is no cross-allergenicity to the 
p-lactam antibiotics, such as the penicillins and 
cephalosporins, Cleocin is useful in seriously ill 
patients infected with susceptible organisms and who 
are sensitive to drugs in those classes. Hypersen- 
Sitivity to clindamycin has been reported; if a hypersen- 
sitivity reaction occurs, the drug should be discontinued. 


© 1979 THE UPJOHN COMPANY 






WARNING men 
Clindamycn therapy has been associated 
with severe colitiswhich may end fatally. 
Therefore, it should be reserved for serious 
infections where @ss-toxic antimicrobial 
agents are inacpropriate, as described in the 

Pw INDICATIONS section. It should not be used 
in patients with nonbacterial infections, such 
as most upper respiratory tract infections. 
Studies indicate e toxin(s) produced by Clos- 
tridia is one primery cause of antibiotic-asso- 
ciatec colitis. See WARNINGS section. The 
colitis is usually characterized by severe, per- 
sistent diaprhea and severe abdominal 
cramps and maybe associated with the pas- 





t of the physician, a penicillin is inappropri- 


the WARNING box, before selecting clindamycin 
the physician should consider the nature of the 

infection and the suitability of less-toxic alter- 
natives (eg, erythromycin). 

Anaerobes: Serious respiratory tract infections 
such as empyema, anaerobic pneumonitis and 
lung abscess; serious skin and soft-tissue infec- 
tions; septicemia; intra-abdominal infections such 
as peritonitis and intra-abdominal abscess (typi- 
cally resulting from anaerobic organisms resident 
in the normal gastrointestinal tract); infections of 
the female pelvis and genital tract such.as endo- 
metritis, nongonococcal tubo-ovarian abscess, 
pelvic cellulitis and postsurgical vaginal-cuff 
infection. 


sage of blood ard mucus. Endoscopic exam- 
ination may reveal pseudomembranous 


colitis. — a Streptococci: Serious respiratory tract infec- 
When significant diarrhea occurs, the drug tions; serious skin and softissue infections; 
4 should be-discortinued or, if necessary, con- septicemia. 


tinued only wit? elose observation of the 
patient. Large-2cwel endoscopy has been 
recommended 

Antiperistaltic agents such as opiates and 
diphenoxylate wirh atropine (Lomotil^) may 
prolong and/o- worsen the condition. 

Diarrhea, co itis, and pseudomembranous 
colitis have been observed to begin up to 
several weeks *'o-owing cessation of therapy 
with clindamycin: 


Staphylococci: Serious respiratory tract infec- 
tions; serious skin and soft-tissue infections; sep- 
ticemia; acute hematogenous osteomyelitis. 

Pneumococci: Serious respiratory tract 
infections. 

Adjunctive Therapy: In the surgical treatment of 
chronic bone and joint infections due to suscep- 
tible organisms. Indicated surgical procedures 
should be performed in conjunction with antibi- 
otic therapy. 

Bacteriologic studies should be performed to 
determine the causative organisms and their sus- 
ceptibility to clindamycin. 

Contraindications: History of hypersensitivity to 
clindamycin or lincomycin. 


Warnings: See WARNING box. Studies indicate 
a toxin(s) produced by Clostridia is one primary 
cause of antibiotic-associated colitis. Mild 
cases of colitis may respond to drug discon- 
tinuance alone. Moderate to severe cases 
should be managed promptly with fluid, 
electrolyte, and protein supplementation 
as indicated. Systemic corticoids and corti- 
coid retention enemas may help relieve 
the colitis. Other causes of colitis should 
also be considered. 

A careful inquiry should be made con- 
cerning previous sensitivities to drugs and 
other allergens. Antagonism has been dem- 
onstrated between clindamycin and erythro- 
mycin in vitro. Because of possible clinical 
significance, these two drugs should not be 
administered concurrently. 

Usage in Pregnancy: Safety for use in preg- 
nancy has not been established. 

Usage in Newborns and Infants: When clinda- 
mycin phosphate is administered to newborns 
and infants, appropriate monitoring of organ sys- 
tem functions is desirable. 

Nursing Mothers: Clindamycin has been 
reported to appear in breast milk in ranges of 0.7 
to 3.8 ug/ml. 

Usage in Meningitis: Since clindamycin does 
not diffuse adequately into the cerebrospinal 
fluid, the drug should not be used in meningitis. 


SERIOUS ANAPHYLACTOID REACTIONS 
REQUIRE IMMEDIATE EMERGENCY TREAT- 
































Each mi contains 
clindamycin 5Posphate 


eduivalentto =... piece ee vies 150 mg 
clindamycin 
bana omi. FSi ice ee ee 5 mg 
disodium edetate ........... 06... ee eee. 0.5 mg 
wateribrinjsciion . Jn. eee ee qs 
When necessary pH adjusted with NaOH 
and/or HCl. 


Indications: Cindamycin is indicated in the 
treatment of sericus infections caused by sus- 
ceptible anaerobe bacteria. 

Clindamycin isalso indicated in the treatment 
of serious infectians due to susceptible strains of 
streptococci, pneumococci, and staphylococci. 


Its use should 2e reserved for penicillin-allergic J-6816-9 
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INTRAVENOUS CORTICCSTEROIDS SHOULD 
ALSO BE ADMINISTERED AS INDICATED. 


Precautions: Review of experience to date sug- 
gests that a subgroup of cider patients with 
associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these 
patients, they should be carefully monitored for 
change in bowel frequency. Prescribe with cau- 
tion in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Do not inject intravenously as an undiluted 
bolus; infuse as directed in package insert. Indi- 
cated surgical procedures should be performed 
in conjuriction with therapy. Patients with very 
severe renal disease and/or very severe hepatic 
disease accompanied by severe metabolic aber- 
rations should be dosed with caution and serum 
clindamycin levels monitored during high-dose 
therapy. 

Prescribe with caution in atopic individuals. 
During prolonged therapy, periodic liver and kid- 
ney function tests and blood counts should be 
performed. Use may resu't in overgrowth of non- 
susceptible organisms, particularly yeasts. 
Should superinfection occur, adjust therapy as 
Clinical situation dictates. Clindamycin has been 
shown to have neuromuscular blocking proper- 
ties that may enhance the action of other neuro- 
muscular blocking agents. Use with caution in 
patients receiving such agents. 


Adverse Reactions: Gastrointestinal: Abdominal 
pain, nausea, vomiting and diarrhea. (See 
WARNING box.) Hypersensitivity Reactions: 
Maculopapular rash and urticaria have been 
observed. Generalized mild to moderate morbilli- 
form-like skin rashes are the most frequently 
reported of all adverse reactions. Rare instances 
of erythema multiforme, some resembling 
Stevens-Johnson syndrome, have been asso- 
ciated with clindamycin. A few cases of anaphy- 
lactoid reactions have been reported. If a 
hypersensitivity reaction occurs, the drug should 
be discontinued. The usual agents (epinephrine, 
corticosteroids, antihistamines) should be avail- 
able for emergency treatment of serious reac- 
tions. Liver: Jaundice and abnormalities in liver 
function tests have been observed during clinda- 
mycin therapy. Hematopoietic: Neutropenia, 
eosinophilia, agranulocytosis and thrombocyto- 
penia have been reported; no direct etiologic 
relationship to concurrent clindamycin therapy 
has been made. Local Reactions: Pain, indura- 
tion, and sterile abscess have been reported after 
intramuscular injection, and thrombophlebitis 
after intravenous infusion. Reactions can be min- 
imized or avoided by giving deep intramuscular, 
injections and avoiding prolonged use of indwell- 
ing intravenous catheters. Musculoskeletal: Rare 
instances of polyarthritis have been reported. 
How Supplied: Available as a sterile solution 
with each ml containing clindamycin phosphate 
equivalent to 150 mg clindamycin. Ampoules 

of 2 and 4 ml. 

Caution: Federal law prohibits dispensing without 
prescription. MED B-6-S 


In serious anaerobic infections... 


Cleocin Phosphate 


(clindamycin phosphate injection, NF) 
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Indium 111 


Autologous Tagged Leukocytes in the 
Diagnosis of Intraperitoneal Sepsis 


Nancy L. Ascher, MD; David H. Ahrenholz, MD; Richard L. Simmons, MD; Barbara Weiblen, MS; Lucille Gomez; 
Leroy A. Forstrom, MD; Mathis P. Frick, MD; Clarence Henke, MD; Jeffrey McCullough, MD 


* We report the results of a new test, indium oxine In 111 
scanning, in the diagnosis of postoperative infection. Indium 1 11 
was used to label autologous polymorphonuclear leukocytes, 
which when reinjected migrate to sites of infection, inflamma- 
tion, or both. Standard scintigraphy localizes the labeled inflam- 
matory cells at these sites. Sixty-six scans were performed in 43 
surgical patients. Thirty-seven scans were categorized as true- 
positive; 19 scans were categorized as true-negative. Therefore, 
the accuracy rate was 85%. Two scans (3%) in one patient 
represented false-positive results. Two scans (3%) were positive 
for inflammation but there was no infection present; this group 
was denoted as equivocal. Six scans (9%) were false-negative; 
false-negative scans are more likely in old lesions with poor 
blood supply and in areas that overlap regions of normal uptake. 
The noninvasive nature of the test, high accuracy rate, and ease 
of administration make it a potentially useful tool in the diagnosis 
of postoperative infection. 

(Arch Surg 114:386-392, 1979) 


ntra-abdominal sepsis in the postoperative patient is a 
I challenge to the clinician, but no currently available 
modality is uniformly successful in detecting either the 
precise location or even the presence of these complica- 
tions. Several techniques are currently in use, including 
ultrasonography, computerized tomography (CT), and 
gallium 67 scanning. Although each has been reported to be 
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90% accurate by some,’ investigators have recently noted 
accuracy rates to be substantially lower (50% to 6056).*-* 
Ultrasoncgraphy frequently fails to identify poerly locu- 
lated pertoneal infection, does not differentiate abscess 
from other fluid collections, and requires intact ur infected 
skin.’ Gal ium 67 scanning may pick up diffuse peritonitis, 
partieulady when a refined approach is used, with identifi- 
cation of peritoneal reflections." But its use in surgical 
patients i5 limited because it may require a bowel prepara- 
tion to diminish interference with bowel excretior "1; įg less 
likely to Hentify lesions in the liver, spleen, kidreys, and 
colon, organs to which gallium is distributed; requ:res 24 to 
48 hours for diagnosis; and may be affected by steroid 
administration." Computerized tomography is sersitive to 
localization of small, well-loculated lesions, but it does not 
identify ciffuse peritonitis and frequently cannct differ- 
entiate ar abscess from other fluid collections. 

Indium 111, an isotope that is well suited for imaging 
because o- its y emission at two wavelengths, was initially 
used for tumor visualization." Intravenous “njection 
results in strong binding to transferrin." Investigators 
using the knowledge that plasma proteins accurrulate at 
the site of abscess formation used intravenous ch oride In 
111 in the identification of experimental abscesses.’ Burle- 
son et al'^ suggested that indium 111 be used as a superior 
label of aatologous leukocytes as compared with gallium 
67,'° and sibsequent extensive comparative investigations 
by Thakur et al- have comfirmed its superior caracter- 
istics of mereased abscess-blood activity and increased 
stability. in dogs labeled polymorphonuclear neutrophils 
were shown to accumulate in normal liver and spleen and in 
experimer tally induced abscesses." A single clinical trial 
has been reported in which local accumulations of 'UIn- 
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tagged autolozeus leukocytes were noted in six patients 
with verified -nfection or inflammation.” The purpose of 
the following orgoing study is to relate our own experience 
with the utilization of whole body scanning in the detection 
and localizatiom of sepsis in the surgical patient after 
injection of avtologous leukocytes tagged with indium 
111. 


PATIENTS AND METHODS 
Study Population 


From Nevember 1977 to October 1978, a total of 108 indium 
oxine Ir 111 seans were performed in 82 patients to localize 
suspected septic foci. Only those scans were studied in which a 
final correlaticn could be made on the basis of available charts, 
operative reports, and autopsy reports. Sixty-five of the scans 
were performed in 43 patients on the surgical services at the 
University of Minnesota Hospital and form the basis of this 
report. This pcpulation includes 38 patients on the general surgery 
services, three »ediatric surgery patients, one thoracic surgery 
patient. and one patient from the urology service. Excluded from 
the present study were 14 patients from the renal transplant 
service, 1 neurosurgery patient, and 1 patient from the gynecology 
service. The following information was collected retrospectively 
for comreiation patient age, admitting symptoms, previous 
surgery, cliniea impression, date of surgery, operative findings, 
operative precedure, date of scan, scan diagnosis, nutritional 
status, ultimate outcome, and autopsy results. 


Labeling of Cells 


A medificaticn of the technique described by Thakur et al” for 
cell separation and labeling was used. Forty to 50 mL of peripheral 
blood was dravn from the patient and placed in 10-mL aliquot 
tubes with 1.6 mL of acid citrate dextrose and 3 mL of a 6% starch 
matrix After EBC sedimentation of approximately one hour, the 
platelet- and EBukocyte-rich plasma fraction was removed and 
centrifuged at 150 g/min for eight minutes. The cell pellet was 
washed twice in normal saline to which 1% albumin was added and 
was tiem suspended in 5 mL of 0.15 mole/L sodium chloride 
solution. 

The indium oxine In 111 was prepared by the addition of 1.0 to 
1.5 mL (1.0 to 1.5 mCi) of indium 111 chloride to an equal volume of 
sterile water end 200 uL of 0.3M acetate buffer. The complex was 
extraeted intc an equal volume of chloroform, which was evapo- 
rated to dryaess in a boiling water bath. The residue was taken up 
in 50 uL of ethanol and diluted to 200 uL with 1.15 mEq/L of 
sodium chloride solution. 

The leukecyte suspension was incubated with indium oxine In 
111 (9.4 to 1« mCi) for 20 minutes, passed through a 16-gauge 
filter needle, and injected into the patient via a peripheral vein. 


Scintigraphy 


Seans were performed with a gamma scanner approximately 
four hours and 24 hours after the administration of indium-labeled 
leukecytes. Fepeated scans were obtained no sooner than three 
days after tae preceding one to ensure body clearance of the 
indium-lab2led leukocytes from the initial administration. 


RESULTS 


Tae indication for the majority of scans was postopera- 
tiveor follow-up findings of a previously abnormal scan. In 
two patients without fever, scans were performed for 
suspected small-bowel fistulae. One scan was performed in 
a patient with an abdominal mass and fever prior to 
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Fig 1.—Normal scan after injection of indium 111-labeled autolo- 
gous leukocytes (patient 1). The scan showed no abnormal 
collection and the patient proved clinically to be free of infec- 
tion. 


surgery (at autopsy found to be an aortoduodenal fistula). 
In four patients thought to be at high risk for postsurgical 
infection, scans were performed during the postoperative 
period in the absence of fever. 


Negative Scan, No Infection, True-Negative 


As given in the Table, 37 scans failed to demonstrate any 
focus of infection, and the absence of infection was borne 
out by subsequent clinical correlation in the case of 26 
patients and subsequent surgery in two patients. None of 
these 28 patients died. A “negative” or “normal” scan is 
shown in Fig 1; this sean was taken of a 30-year-old man 
(patient 1) with persistent low-grade fever 11 days after 
excision of a ruptured appendix. The normal uptake in the 
liver, spleen, aorta, vertebral bodies, and pelvie bones is 
apparent. There was no additional area of increased activ- 
ity to suggest a septic focus, and the patient was 
discharged. 
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Clinical Correlation With Indium 111 Scans in 43 
Surgical Patients 


43 Negative Scans 
37 True-negative 
6 False-negative 
2 Empyemas 
1 Infected aortofemoral graft 
1 left upper quadrant abscess 
1 Infected pelvic hematoma 
1 Retroperitoneal abscess 


23 Positive Scans 
19 True-positive 
6 Peritoneal abscesses 
2 Subcutaneous abscesses 
6 Intestinal fistulas 
2 Diffuse peritonitis 
2 Pneumonia 
1 Jugular phlebitis 
2 False-positive 
2 right lower quadrant uptake in 1 patient with cystic 
fibrosis 
2 Equivocal 
1 Dilated inflamed afferent intestinal loop 
1 Sterile bile peritonitis 






























Positive Scan, Infection Present, True-Positive 


There were 19 scans in 12 patients interpreted as being 
positive for infection that was later verified by surgery in 
the cases of nine scans, (five patients), clinical and/or 
eontrast examination in seven scans, (six patients), and 
autopsy findings in the case of three scans, (three 
patients). The lesions found are listed in the Table. Six of 
these lesions were 1 to 7 days old, seven were 8 to 14 days 
old, four were 15 to 21 days old, and one lesion was 60 days 
old. The average age of these lesions was nine days, and 
95% were less than three weeks old. Examples of two 
true-positive scans are shown in Fig 2 and 3. Patient 2 (Fig 


. 2) was a 48-year-old woman who had completed a 7,000-rad 
` course of radiation therapy to her pelvis for stage III B 


squamous cell carcinoma of the cervix three months 
previously. She had a five-day history of nausea, vomiting, 
elevated temperature, and abdominal pain. Abdominal 
exploration revealed a large abscess apparently due to a 
ruptured appendix. An associated perforation of the small 
bowel was also drained, and appendectomy and small- 
bowel resection with anastomoses were performed. Subse- 
quent partial small-bowel obstruction and persistent low- 
grade fever prompted an indium scan 11 days later that 
demonstrated an area of increased uptake in the right 
lower quadrant. On subsequent exploration (18 days after 
the initial procedure) this "hot" area proved to be an 
intermesenteric abscess. Patient 3 (Fig 3) was an 18- 
year-old man transferred in septic shock one week after 
repair of a mesenteric tear after blunt abdominal trauma. 
Exploration disclosed a right lower quadrant abscess and 
diffuse peritonitis. Postoperative temperature spikes and 
intermittent ileus ensued and an indium scan ten days 
later showed an area of increased uptake in the open 
surgical wound of the left lower quadrant. Subsequent 
exploration revealed a subfascial abscess. 


Positive Scan, Inflammation Present, No Infection 


In two other patients, the indium scans were positive for 
inflammatory but not septic processes (Table). Patient 4 
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Fig 2.—True-positive scan (patient 2). Indium scan revealed (in 
addition to normal uptake in aorta, liver, and spleen) abnormal 
collection in right lower quadrant. Subsequent surgery confirmed 
presence cf intermesenteric abscess at that site. 


(Fig 4) was a 29-year-old obese man who underwent gastric 
bypass with postoperative septic shock and renal failure 15 
days after initial surgery. Exploration showed a massively 
dilated edematous afferent limb and a gastric suture line 
disruption The patient had persistent fevers and renal 
failure postoperatively. Indium scan nine days after repair 
showed increased uptake in a region anterior and inferior 
to the spleen, but a concomitant technetium upper 
gastrointestinal tract series showed that ths area 
conformed to the contour and location of the gastric pouch 
and afferemt limb. The increased activity on inditm scan 
was presumed to be on the basis of unresolved edema and 
inflammation of the afferent limb and/or the fresk suture 
line. Follow-up scan after an additional week showed 
normal findings. A second 18-year-old patient had been 
involved in a moving vehicle accident and had suffered 
lacerations of his spleen and liver necessitating splenec- 
tomy and suture repair of the liver, which was not drained. 
Peritoneal avage one week after surgery showed a sterile 
bile collection, and tube drainage of the biliary bəd was 
performed »y percutaneous placement of a drainage cath- 
eter. Biliary drainage persisted for an additional two 
weeks, at which time the catheter no longer work2d and 
was removed. An indium scan performed because of 
diffuse abdcminal pain and persistent temperature spikes 
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Fig 3.—True-rositive scan (patient 3). Indium scan revealed 
subfascia! collection to left of healing midline wound. Drain- 
age was curative. Healing wound and abscess are apparent 
on scan. 


45 days afte- his initial procedure (24 days after the 
drainage catheter was removed) showed increased uptake 
in the left up»er quadrant. Surgical exploration two days 
later revealac diffuse collection of sterile bile and adhe- 
sions throughout the peritoneal cavity but no focus of 
infection. Taere were dense adhesions and bile in the left 
upper quadrant, but not substantially greater than else- 
where in his abdominal cavity. 


Positive Scans, No Inflammation, 
No Infection, False-Positive 


Two scans (3%) in a single patient provided incorrect 
informatior zo the clinician and represent false-positive 
scans. Patien- 5 was an 8-year-old child with cystic fibrosis, 
exacerbation of pulmonary symptoms, and spiking temper- 
atures. An indium scan revealed localized uptake in the 
right lower quadrant, in addition to extensive pulmonary 
disease. But the patient improved clinically and no surgical 
procedure wes performed until one month later, when a 
repeated scan (Fig 5) showed increased uptake along the 
right gutter with normal findings on abdominal x-ray film 
and intravenous pyelogram. Results of the subsequent 
exploration were within normal limits grossly, and histo- 
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Fig 4.—Positive scan-postoperative inflammation (patient 4). Note 
increased uptake in midline wound and left upper quadrant. 
Ancillary study by gastrointestinal tract series revealed superim- 
position of "hot" area and afferent intestinal limb, which had 
been noted to be inflammed at previous operation. Subsequent 
indium 111 scans showing resolution of inflammation were 
accompanied by clinical recovery. 


logic examination of the excised appendix failed to reveal 
any pathologie features. 


Negative Scan, Infection Present, False-Negative 


Six scans in six patients (Table) were interpreted as 
negative, but the patients were later proved to have a 
septic focus. This represents a false-negative rate of six of 
66 (9%). As shown, two of the lesions were empyemas, and 
the others were a retroperitoneal abscess, infected aortofe- 
moral prosthetic graft, left upper quadrant abscess, and an 
infected pelvie hematoma. Four of the six processes were 
older than one month, with an average age of 57 days. Each 
patient's age was variable; however, the two younger 
patients were grossly malnourished. 

In total, we noted a strict accurate result in 85% of scans, 
a false-negative rate of 9%, a false-positive rate of 3%, and 
3% of scans showed inflammation but not infection. 


COMMENT 


Indium 111 is an isotope well suited for utilization in 
nuclear medicine since it emits two y photons of 173 keV 
(84%) and 247 keV (94%) that can be detected externally 
either via a y camera or a rectilinear scanner.” Indium 
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Fig 5.—False-positive scan (patient 5). Initial indium 111 scan 
showed increased radioactivity in right lower quadrant. In this 
subsequent scan, note increased linear uptake in right lower and 
upper quadrant. In addition, increased radioactivity is seen in 
both lung fields and at site of indium injection on left. Exploration 
failed to reveal septic source and appendix displayed normal 
histologic features. 


oxine In 111 is lipid-soluble and has been shown to effec- 
tively label a variety of blood elements, including neutro- 
phils,'* platelets, and lymphocytes.” Indium oxine In 111 
binds strongly to transferrin; but in the absence of plasma, 
leukocytes can be labeled efficiently (75% to 95%) with a 
25-minute incubation. The lipid-soluble complex is 
thought to transverse the cell membrane and bind some- 
where in the cell cytoplasm, rendering the label unreactive 
to transferrin when the cells are reinjected.' 

Our current data support the findings of Segal et al^ 
that Indium 111-labeled autologous leukocytes can be used 
clinieally to detect foci of infection and inflammation. 
Examination of the true-negative scan (Fig 1, patient 1) 
reveals normal uptake of labeled WBCs in the liver, spleen, 
vertebral bodies, aorta, and pelvie bones. Therefore, we 
might expect that septic lesions of foci of inflammation 
within any of these structures would be difficult to inter- 
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pret by indium scanning. In truth, there was a false- 
negative scan in a patient with a low-grade (streptococeal) 
infection of his aortofemoral prosthetic graft that might 
have be2n masked by uptake in the pelvis. The character- 
istics o- the true-positive scans further attest to the 
location of the lesion being an important factor in the ease 
with which it is diagnosed. The two lesions that were 
associat2d with the liver were difficult for the clinician to 
interpret; one was not diagnosed clinically until autopsy; in 
the other case, there was a two-month delay between the 
positive scan and appropriate surgical exploration. The two 
scans that were positive for inflammation alone should not 
be consilered false-positive; clinical correlation as well as 
ancillary diagnostic procedures (eg, the technetium swal- 
low in »atient 3) will aid in the appropriate surgical 
decision. 

What other factors are likely to be important in the 
accuracy of indium 111 scanning? In animal work, where 
abscesses were created experimentally, a time course for 
scanning was delineated and an optimal time of 24 hours 
was defmed.''* Whether this is the ideal time in the 
human is unknown. We would expect that in lesions with 
low blocd flow (into which neutrophil migration was 
impeded it would be more difficult to identify a septic 
focus. THis may have been the case in the patient who had 
an infected pelvic hematoma into which few WBCs had 
penetrated. Another time element that is likely to be very 
importart is the age of the lesion; again, this is related to 
leukocyte migration. We would expect that older lesions 
would be less chemotactic for inflammatory cells and have 
a higher incidence of false-negative results. In fact, this 
expectation is supported by the present data. The average 
age of the lesion in the 19 true-positive scans was nine 
days, and 95% were 21 days old or less. In contrast. only two 
of the six false-negative lesions were less than three weeks 
old, and the average lesion age in this group was 57 
days. 

The stetus of the host is a key factor in the applicability 
of this test. Although the presence of WBCs is obviously 
essential for performing this test, it may be possible to use 
tagged Fomologous leukocytes in leukopenie patients. 
However, cell number itself is not sufficient; funetionally 
competent leukocytes are necessary for a positive result. 
Harsh separation techniques that include drying of neutro- 
phils result in cell membrane damage and subsequent 
sequestration in the lung." Hemodialysis leads to comple- 
ment activation with subsequent leukocyte aggregation in 
the pulmonary capillaries so that indium 111 scans 
performed shortly after hemodialysis sometimes demon- 
strate inc-eased radioactivity in the lungs. Other iatrogen- 
ic causes ef impaired neutrophil function include hyperali- 
mentatior, hyperglycemia, hypocaleemia, and steroid 
administration. The nutritional status of the patients may 
be a key factor in leukocyte function—the two younger 
patients with false-negative scans were both severely 
malnourished. We have not yet performed concomitant in 
vitro test ng of the migratory capacity of our patients' 
polymorphonuclear leukocytes, but we might be able to 
predict from these tests which patients would be likely to 
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demonstrate fzlse-negative scans. In such patients, the use 
of homologous labeled WBCs may be indicated even in the 
face of a normal peripheral WBC count. 

What factors are of potential importance in rendering a 
scan falsely positive? Indium 111 is known to label all blood 
elements, altFough labeling of neutrophils is the most 
efficient." [radequate and/or improper blood separation 
techniques may result in the labeling of other cellular 
elements that do not uniformly traffic to inflammatory 
lesions. Damaged neutrophils would themselves be taken 
up by the lung (and leave the impression of an inflamma- 
tory proeess within the lungs) and leak indium to the 
plasma, where its strong affinity for transferrin would 
result in a postive scan at sites of plasma pooling. Wounds, 
particularly those left to heal by secondary intention, can 
be demonstrated as positive on indium scan (Fig 3 and 4) 
and should nct be mistaken for an underlying infection 
process. Fresaly created intestinal stomas also attract 
labeled WBCs probably on the basis of a posttraumatic 
inflammatery response. In a similar fashion, fresh suture 
lines might be-expected to be positive but not indicative of 
infection. 

In spite of al the documented and potential handicaps in 
the use of indium 111 scanning, we believe it is an 
important, vseful diagnostic tool. It's superior y emission 
compared wita that of gallium 67 enables the clinician to 
administer approximately one third as much radiation to 
patients undergoing scan. Indium is cleared through the 
liver and spleen. The lack of kidney and bowel uptake (in 
contrast to ga lium 67) means that lesions in these locations 
are more accessible to identification. No bowel preparation 
is necessary for its administration. The test does not 
require an intact skin surface as does ultrasonography. In 
contrast te scnography and CT, an indium 111 scan can 
identify diffase peritonitis and does not require a loculated 
area of pus. Indium can differentiate inflammatory effu- 
sions from leculations of other fluids. In addition, we have 
noted no unteward side effects from its administration of 
autologous leckocytes. 

The 85% accuracy rate makes this procedure comparable 
with the most favorable trials of gallium 67 scanning, 
ultrasonegraphy, and CT scans. The additional advantages 
noted have encouraged our use of the scan as a routine 
sereen for recurrent interperitoneal sepsis in high-risk 
postoperative patients. 

A routine sean should be performed five days postoper- 
atively. A repeated scan should be performed at ten days. 
Areas of surgical inflammation seen on the routine five- 
day scan (ecema, suture lines) should have resolved by this 
time. A persistently positive or a newly positive scan 
should make cne strongly suspicious of infection in the face 
of a suspicious clinical course. The scan should be inter- 
preted with caution and combined with other diagnostic 
aids in immunosuppressed, malnourished, leukopenic 
patients. Tre scan should be interpreted with caution and 
combined with other diagnostic aids in suspected liver 
abscesses, lung abscesses, older lesions, and midline vascu- 
lar pathologie features. The scan may be less reliable in 
patients undergoing hemodialysis. We want to emphasize 
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that these are tentative guidelines, which may be altered 
with subsequent experience or modification in technique. 


This study was supported in part by Public Health Service contract 
N01-HR-6-2972 from the National Heart, Lung, and Blood Institute. 
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Discussion 


RoBERT E. CoNpoN, MD, Milwaukee: I think we would all agree 
that localizing an intra-abdominal abscess is sometimes one of the 
most difficult diagnostic processes we go through. We know the 
patient has got a pus loculated away somewhere. What we need to 
know is where it is so we can handle it most expeditiously and not 
create a bigger problem for ourselves. 

In my own personal practice, I have been so unhappy with 
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gallium scans that I have totally gotten away from the use of 
scanning and have come to rely more recently on computer- 
assisted tomographic techniques. 

At the Medical College of Wisconsin in Milwaukee we have the 
benefit of the latest CAT scanner available to us. We are on about 
the sixth generation now. The current instruments are much 
better than were the older ones, and I suspect that is why we seem 
to have somewhat better results using CAT scanning than perhaps 
is true currently in some other institutions. 

Regarding this present report about using indium, compared 
with gallium, which in many places is still the standard scan for 
infectious inflammatory processes, indium has the advantage that 
it requires a shorter time, although it still requires up to 24 hours 
to get interpretable scans. You do not have the problem of colon 
confusion as you do with gallium, and based on Dr Ascher’s data, 
there is a much increased accuracy rate in terms of diagnosis. 

I see two limitations. I have no personal experience, but reading 
their manuscript and listening to the presentation, there are two 
things that I would have some concern about in terms of the 
future. One is the fact that there is liver and spleen uptake of 
indium, which may make the diagnosis of subphrenic and subhe- 
patic abscesses a bit more difficult. Second, the labeling process 
and the positive scan depends on neutrophil function being intact. 
Of course, in those situations where the abscess is late and the 
patient is malnourished, and those things often go together, 
neutrophil function is impaired and the rate of diagnostic accuracy 
falls off. 

In comparison with a gallium scan, the indium scan is obviously 
a clear advance. Where it will find its place in relationship to CT 
scanning, I think, is going to have to await more experience with 
both techniques. 

J. L. Giaccuino, MD, Maywood, Ill: Recently at our institution 
the combination of ultrasound, CAT scanning, and gallium scan- 
ning has proved ineffective in diagnosing intra-abdominal 
abscesses, particularly in post-transplant patients who have been 
immunosuppressed. 

Our tentative conclusion is that in a postlaparotomy patient who 
is septic, and shows even occult signs of intra-abdominal sepsis, an 
early exploratory laparotomy is indicated. Numerous tests result- 
ing in equivocal findings and delay in treatment may not be 
appropriate. Localization may not be critical since a transperiton- 
eal approach for full exploration and abscess drainage seems 
appropriate. 

Mark M. Ravitcu, MD, Pittsburgh: I would wish not to be 
confused with those who object to every new laboratory test as not 
being equal to the sophisticated clinician. 

I am a little upset about the idea that every patient in a given 
group would have at least two scans. 

Whenever a new diagnostic test like this is proposed, we are 
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always teld how accurate or inaccurate it is of itself, but what is 
really im»ortant to know is in the hands of the individual surgeon, 
whether t would lead him to operate correctly when he had not 
planned $o operate or whether it would prevent him f-om operat- 
ing when he had planned incorrectly to operate. 

Included in a study like this should always be a written 
statement by the surgeon before the test as to whether he plans to 
operate or does not plan to operate. Then we can know how useful 
it is to him. 

We might still suspect that it would not be useful to us. 

The duration of hospitalization in the so-called early group 
suggests to me that the research was not, at the leest, precipi- 
tate. 

DR ASCHER: I would like to answer Drs Condon and Giacchino’s 
point about localization. It is frequently difficult to convince the 
surgeon, particularly the surgeon who operated on the patient in 
the first place, that the abdomen might be the source of a 
postoperative fever. He usually prefers to look at other areas as an 
explanation for postoperative sepsis; for example, the lungs, urine, 
or arterial lines. This test can help us redirect our inzerest back 
toward the abdominal cavity or, as you have seen, it car localize an 
extra-abdominal site of infection such as jugular phle ditis. 

Computerized tomography, although it is quite s2nsitive in 
picking up areas of loculated pus, will not pick up peritonitis. Fluid 
collections other than pus are not distinguishable from abscesses. 
The indium 111 sean will identify peritonitis, as you have seen. The 
CAT scams are not available in all hospitals and are quite 
expensive 

I would agree that areas of infection around the liver and spleen 
would be more diffieult to delineate with indium 111; it is advised 
that other diagnostie procedures be used in addition to localize 
infections in those areas. 

As far as nonfunctional neutrophils, that is a very important 
point, and we are aware of it. In vitro methods can be us2d to study 
individual surgical patients' neutrophil response to known chemo- 
tactic ageats. In a patient who proves to have inadequate neutro- 
phil function, labeled WBC transfusion might prove to be diagnos- 
tic. 

With rezard to Dr Giacchino’s question, we have found indium 
111 useful in renal transplant patients with fever in d fferentiat- 
ing rejection from pulmonary infection, 

DR Ravrrcu: I agree that the true test of efficacy of a diagnostic 
procedure is the effect, if any, it has on the clinician's subsequent 
decision regarding the patient. In this study, we were interested 
in determining the accuracy of this test and have mot as yet 
directed our attention to the influence of the procedure en surgical 
decision. towever, we believe that this test is ncninvasive, 
accurate, easily accessible, and will be useful in the postoperative 
patient. 
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somebody had to be a tray robber. 
Even then, some of the collected instruments might not have been 
quite what was needed- or in the best of condition. 

Our exclusive Noon A-V Fistula Kit* changes all that. It’s a com- 
pee set of delicate instruments needed for this procedure, neatly 
organized and protected in a sterilizing case. 

There are 23 instruments in all, including four 
new Noon clamps with thinner jaws for delicate 
vessels, fine vascular scissors and the Noon 
tunneler and graft passer. The kit can also be 
used in surgery on any small peripheral vessel. 

In short, it's a coordinated approach to 
A-V fistula surgery that assures you of the 
right instruments without the uncertainties 
of pilfering. Call us toll free and we'll send 
you a complete description: 800-225-0462. 

Codman, Randolph, Mass. 02368. 


*Developed with George Noon, M.D., Baylor College of Medicine, Houston. 
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Axillo-axillary Bypass for 


Subclavian Steal Syndrome 


William O. Myers, MD; Ben R. Lawton, MD; Jefferson F. Ray III, MD; 


Marvin E. Kuehner, MD; Richard D. Sautter, MD 


e Since 1972, 14 patients with subclavian steal and four with 
primary vascular insufficiency of the arm have been operated on 
using the axillo-axillary bypass graft. Two grafts have been 
replaced, one after nine months for threatened erosion, and the 
other after three years for thrombosis due to disease progression 
in the donor artery. The new grafts were patent at three and at 2^ 
years. One graft was occluded at six months and was not 
replaced. All other patients under observation in 1978 have 
grafts patent at one month to 67^ years (average 2.2 years). Life 
table analysis shows the probability of graft patency (20 grafts) is 
76% at three years. In the subclavian steal group steal on the left 
side predominated 2:1. Cerebral symptoms predominated with 
arm symptoms less often seen, although six patients had both. 
Associated vascular disease and hypertension were common. 
There was no mortality and few complications. Axillo-axillary 
bypass grafting is considered the operation of choice for patients 
with subclavian steal syndrome. 

(Arch Surg 114:394-399, 1979) 


Ithough there are earlier references to combined 
brachial and cerebral vascular insufficiency,'? rever- 
sal of flow in the vertebral artery caused by subclavian 
artery occlusion proximal to the vertebral artery origin 
was not confirmed until 1960." The effects of vertebral 
artery flow reversal on cerebral circulation were presented 
by Reivich et al* in 1961, with an accompanying editorial: 
contributing the name “subclavian steal.” 

Vertebral artery ligation was the first operation 
reported for symptomatic relief (1961). Landmark 
papers"'^ describing direct approaches for subclavian 
resupply appeared from several centers, followed by 
reports of less major, indirect approaches," with the 
carotid-to-subelavian shunt probably the most widely 
applied and most studied.'^'* 

Several factors, including the potential of hazards to the 
carotid circulation introduced by the carotid-to-subclavian 
shunt, the more difficult supraclavicular approach to the 
subclavian, the utility of other subcutaneous grafts, and 
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led us to use this procedure for the present series. These 
observat-ons have been confirmed by a number of other 
investigztors,' the procedure evidently beirg widely 
used at tne present time. We prefer a modified version of 
the carotid-to-axillary artery bypass” if ipsilateral carotid 
endarterectomy is to be done at the same time. We have 
used a turther modification twice (ascending aorta-to- 
axillary artery via a parasternal-to-subpectoral route) 
when concurrent myocardial revascularization was re- 
quired. 


PATIENTS AND METHODS 


All patients with subclavian steal syndrome, as indicated by an 
arteriogram showing late filling of the occluded subclavian artery 
on either sde by reversed flow from its vertebral artery (Fig 1 and 
2), and wno received an axillary-to-axillary artery graft at St 
Joseph Hespital in Marshfield, Wis, were included in the study. 
Patients receiving this operation for primary vascular msufficien- 
cy of the erm were also included. Patients were seen ir follow-up 
by the operating surgeon or a colleague at one montk after the 
operation, sometimes at three or six months, at one ycar, and at 
yearly intervals thereafter. Presence or absence of symptoms, 
graft pulse and bruit, and the cuff blood pressure (usually in both 
arms) we-e noted. The area of the graft was examined for 
untoward -hanges caused by the relatively superficial position of 
the graft. 

The cha-ts of all the patients were reviewed in October 1978 for 
adequacy of follow-up information. Patients whose grafts were 
not examiaed in the calendar year 1978 were considered unavail- 
able for follow-up for the purpose of this report, but were included 
in the est mate of the rate of graft patency by the life table 
method. This group included four patients followed up for three 
years, one year, six months, and one month; the patients were 
withdrawr from the study at the time they were last seen with 
adequate documentation of graft function. Preoperative and 
postoperative symptoms and general data, including risk factors, 
were reviewed. 

During the course of the 6% years covered by tais study, 
operational photographs, anatomical notes, and other operative 
observatioas were kept by the authors. The operation was initially 
applied to »atients for whom avoidance of a more major operation 
was an important consideration, and then was applied to all 
patients operated on for subclavian or innominate arterial occlu- 
sion problems. 

Fourteea patients with subclavian steal and four patients with 
primary vascular insufficiency of the arms formed -he group 
studied in -his report. (Detailed case reports are availabl2 from the 
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authors on request.) d 

Two patients underwent additional operations for graft replace- 
ment, one for threatened erosion at nine months and the other for 
thrombosis of the graft at three years due to progress of the 
disease in the source vessel. Grafts in these patients were patent 
at three and at 21⁄4 years. In a third patient, the graft was occluded 
at six months and was not replaced. 

The age of patients with subclavian steal ranged from 49 to 65 
years, with am average age of 59.6 years. There were six men and 
eight women. Eleven patients were smokers, nine were hyperten- 
sive, and all »atients had one or both of these risk factors. One 
patient was mildly diabetic. In the subclavian steal group, the steal 
was on the left in nine instances and on the right in five. There 
was a bilateral subclavian occlusion in one patient, with a steal 
demonstrated on the left side. One patient had combined innomi- 
nate and right subclavian stenoses with a right steal. 

Of the four patients with primary vascular insufficiency of the 
arm, two hac lesions on the left side and two had lesions on the 
right side. In one of these patients with only arm symptoms and a 
left subelavien occlusion, the left vertebral artery took its origin 
from the left common carotid artery so that the usual steal 
mechanism was not possible. Another patient included in the arm 
symptom grcup probably did have a steal because she had visual 
symptoms, bit roentgenography was inadequate in this case to 
demonstrate the steal. The third patient in this group had a 
thrombosis of the left axillary or subclavian artery. Because this 
could not be cleared centrally using a Fogarty catheter, an 
axillo-axillary bypass was done. No arteriograms were done in this 
instance. The fourth patient had an innominate stenosis and a 
right earotic stenosis, and the axillary bypass was placed to 
provide carotid flow. A carotid endarterectomy was also done. 

The associated vascular disease in these patients was predomi- 
nantly loeated in other arch vessels. Eight of the patients had 
associated d sease of either the carotid, vertebral, or opposite 
subclavian o> innominate arteries. Four patients had associated 
carotid enda-terectomy, either contemporary or remote. Two had 
innominate or opposite subclavian disease. Only one patient each 
had the following lesions: associated lower extremity arterioscle- 
rosis requiring surgery, known renal artery stenosis, known 
coronary artery disease, celiac axis occlusion, and intracranial 
carotid aneurysm. No patient in the group had an abdominal aortic 
aneurysm. 


COMMENT 


Symptoms in patients with the subclavian steal 
syndrome were of two types, cerebral and arm symptoms. 
In many patients, a combination of symptoms was pres- 
ent. 

Dizziness was the most common cerebral symptom, 
occurring in nine patients. Visual symptoms were next, 
occurring :n six patients with complaints of scotomata, 
blurring, and difficulty in focusing. In two patients, these 
symptoms occurred while driving. Syncope of varying 
severity occurred in five patients and included seizures in 
one. Headeches were a major complaint in three patients, 
and speech disturbances and tinnitus occurred in two 
patients each. In the eight patients with arm symptoms, 
episodie numbness was the most common, occurring in 
four. Intermittent claudication without numbness occurred 
in three patients, and an episodie weakness occurred in 
three other patients. One of these patients also had numb- 
ness and one had claudication. Two patients had arm 
symptoms without cerebral symptoms. Six patients had 
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both arm symptoms and vertebral basilar cerebral symp- 
toms. In two patients there were no arm symptoms as such, 
but arm activity brought on the cerebral episodes. In 
addition, three patients had fairly typical carotid distribu- 
tion transient ischemic attacks. 

Several interesting observations can be made. Although 
sometimes the blood pressure could not be measured on the 
side of the steal, usually it was recorded as approximately 
50 mm Hg less than on the other side. Severe hypertension 
was obscured in a patient with bilateral subclavian steno- 
sis. In this patient both carotid-subclavian and axillo- 
axillary grafts were used (Fig 3). 

One graft was replaced because of recurrent left steal 
influenced by innominate, right carotid, and graft occlu- 
sion. The left femoral artery was the source vessel for 
femoro-axillary, axillo-axillary, and right axillo-carotid 
grafts (Fig 4). An axillo-axillary bypass graft was used in a 
similar case with a 60% to 70% innominate stenosis to treat 
a left subclavian steal. Although this graft has functioned 
for more than two years, it is possible for a steal to develop 
from the carotid system if the lesion progresses.” 


RESULTS 


From our initial application of this procedure to the 
present, we have been favorably impressed by the technical 
ease of the procedure and the apparent slight physiologic 
injury to the patients. The operation seems to be very well 
tolerated, and the slight cosmetic deformity from the 
subcutaneous graft is acceptable to patients (Fig 5). Two 
patients left the hospital on the second postoperative day, 
two others on the third postoperative day. The average 
length of stay of the 14 patients was 5.2 days. There has 
been no mortality and no documented perioperative 
myocardial infarction, a frequent complication of most 
major vascular surgery. Complications early and late 
included a mild stroke in the distribution of the left carotid 
artery three days after the bypass graft for right subclav- 
ian steal (one patient); transient motor weakness or numb- 
ness in the median nerve distribution because of difficulty 
in exposing the axillary artery that was related to, in one 
case, retraction of the lateral cord portion of the median 
nerve, and in one case, retraction of the medial cord 
adjacent to the axillary artery in its first division (two 
patients); and a subsequent episode of vertebral-basilar 
transient ischemic symptoms in spite of a functioning 
graft (one patient, readmitted to hospital). The patient has 
received anticoagulant therapy and has remained without 
symptoms. On close examination, some patients have some 
atrophy of the major pectoral muscle. We think this is due 
to injury to the small anterior thoracic nerves, though it 
may possibly be due to the pulsating graft underlying the 
muscle. Several patients have reported persistent light- 
headedness, which is difficult to evaluate. The arm symp- 
toms have been relieved entirely in all patients with patent 
grafts. 


GRAFT PATENCY RATE CALCULATION 


For the purpose of determining the long-term graft 
patency rate in our patients, 20 grafts in 18 patients 
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operated on since 1972 are included. 

Two patients whose grafts were replaced were with- 
drawn from the study during the time interval in which the 
graft failed. The two were then reentered into the study as 
new patients when their grafts were replaced. Four 
patients whose grafts were not evaluated for patency 
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Fig 1.—Arch aortogram showing total occlusion of left subclavian 
artery near aorta. (L. Car. A. is left carotid artery; Innom. is 
innominate artery; L. Sbc. A. is left subclavian artery; Ao. is 
aorta.) 


during tae 1978 calendar year were withdrawn from the 
study after the time interval in which they were last seen. 
For purposes of the present calculation, these patients 
were considered unavailable for follow-up. Although there 
is a large standard error with this small number of 
patients, the life table method gives us an expectation of 
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Fig 2.—Postoperative arteriogram showing graft opacification 
with antegrade flow into left vertebral artery from right subclavian 
source by way of bypass graft. (R. Car. A. is right carotid artery; L. 
Vert. A. is left vertebral artery; A. A. Graft is axillo-axillary 
graft.) 





Fig 3.—Left carotid-subclavian bypass and axillo-axillary graft for 
carotid and bilateral subclavian lesions (left subclavian steal). 
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Fig 4.—RepScement of axillo-axillary graft for thrombos s due to 
occlusion o: the innominate artery and right common carotid. Left 
femoral-axikary, replacement of axillo-axillary, and right axillo- 
carotid grafs were done. 
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an 86% grafz patency at one year and a 76% patency at 
three years. The cumulative graft patency curve is 
presented ir Fig 6. All grafts except the one awaiting 
replacement were functioning in patients under observa- 
tion in 1978. The longest period of follow-up has been 6% 
years; ome pazient has been followed up more than five 
years, and three patients have been followed up more than 
four years. The average follow-up time for all patients with 
functioning grafts is 2.2 years. 


SURGICAL ANATOMY 
Approach to Axillary Artery and Surrounding Tissues 


Anterior approach to the axillary artery is through the 
anterior wall of the axilla by way of an infraclavicular 
incision, splitting the fibers of the greater pectoral muscle. 
The smaller pectoral muscle with the clavipectoral fascia is 
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Fig 5.—Pateat with 10-mm graft. Note minimal cosmetic defect. 
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SCHEDULED POST-OP CLINIC VISITS 


(Numbe--of grafts observed in each time period in parentheses) 
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4 yrs. 


a second stratum. The smaller pectoral muscle crosses the 
vessels and elements of the brachial plexus almost vertical- 
ly and can be retraeted laterally after the clavipectoral 
fascia has been cleared away. 

The axillary artery is the continuation of the subelavian 
artery. It acquires the designation axillary as it crosses the 
outer margin of the first rib and becomes the brachial 
artery when it reaches the lower border of the teres major 
muscle. The second division of the artery lies behind the 
smaller pectoral muscle, and the first and third divisions lie 
medial and lateral to the muscle. The second division and 
upper part of the third division are seen by retraction of 
the muscle. The axillary vein is anterior and slightly 
inferior to the artery. If the artery is approached in its 
second division, the access space to the artery is crossed by 
the cephalic vein and other smaller branches that can be 
retracted or divided. If the first division of the artery is 
used, the axillary vein is retracted upward. The first 
division is free of surrounding nerve cords, and there are 
usually no branches to deal with on the lower side of the 
vein. Crossing the artery anteriorly are the anterior and 
medial pectoral (anterior thoracic) nerves arising from the 
similarly named cords of the brachial plexus. These small 
nerves are about 1 mm in diameter and are easily 
damaged, but are less likely to be disturbed by the more 
central (first division) approach. 

The several branches of the acromiothoracie trunk are 
also encountered in the fatty areolar tissue. Those 
branches extending inferiorly can be divided and the major 
portion of the artery preserved. The origin of the acromio- 
thoracic trunk does not interfere with the planned incision 
in the axillary artery. On the involved side, the artery 
tends to be of smaller caliber, straight, and often nonpul- 
satile, lying among the cords of the plexus rather than 
thrusting conveniently forward as it may on the other side 


Fig 6.—Cumulative probability of graft paten- 
cy for axillo-axillary bypass, life table method. 
Twenty grafts in 18 patients operated on for 
subclavian steal were used for estimate of 
patency rate. 


5 yrs. 


Fig 7.—Patient with left subclavian steal. 
Detail at left shows second division of artery 
used on donor side. Median nerve origin is 
lateral limit of access to vessel. Detail at right 
shows graft to first division. Graft lies below 
greater pectoral muscles. 
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where a strong pulse is present. Careful separation of the 
artery from the nerve cords is required. 

In the second division of the artery, the lateral cord lies 
immediately cephalad to the artery, the medial cord lies 
caudad, and contributions from these cords join anterior to 
the artery to form the median nerve. This junction marks 
the limit of the space available for access to the vessel. 

The one operative complication seen was a transient 
median nerve deficit. This complication occurred in one 
patient when a vein retractor was used to lift the lateral 
head of the median nerve during the performance of the 
anastomosis, and in a second patient when an unusual 
amount of dissection was required to free the artery. 


Technique of Operation 


A transverse incision is made parallel to the fibers of the 
greater pectoral muscle, which can be separated between 
its clavicular and sternal heads. 

The clavipectoral fascia is opened and the smaller pecto- 
ral muscle retracted laterally. For exposure of the second 
division of the artery, the axillary vein is retracted down- 
ward and branches along its upper surface are hemoclipped 
and eut as necessary. The cephalic vein can be retracted 
medially or divided; branches of the acromiothoracic artery 
are clipped and cut as necessary. Exposure centrally nearer 
the chest wall requires retraction of the vein upward. This 
maneuver usually permits easy separation of the medial 
cord without retraction of the nerve. The graft will pass 
inferior to the medial cord in this location and superior to 
the cord in the more lateral location. The axillary artery is 
encircled with siliconized rubber control tapes. Heparin 
sodium is given for systemic effect before clamping the 
artery. A single clamp is advised, and a large, curved 
bulldog clamp is handy for this. The vessel is opened 
parallel to its long axis on its anterior surface. The end of 
an 8&-mm Dacron graft is trimmed to an appropriate angle 
and sutured to the vessel with running 5-0 polypropylene 


suture. The artery on the other side is exposed in the same 


manner (Fig 7). 

The tunnel is placed as close to the anterior surface of 
the sternum as possible. The overlying pectoral muscle and 
its midline fascia are separated from the underlying 
periosteum by blunt dissection with a heavy clamp. The 
tunnel should eross the sternum over the second sternebra 
near the sternal angle, below the clavicular heads and the 


sternal notch, and should be about 2 em wide to accommo- 


date the graft. We have not encountered bleeding or 


E constriction of the graft with this technique. The graft is 





— drawn through the tunnel and the second anastomosis 


done. The greater pectoral muscles are closed over the 


. graft. 


CONCLUSION 


Other subeutaneous bypass grafts have come into use 


— over the past several years to solve certain problems in 


arterial surgery, initially for the poor risk patient. The 
more successful and useful of these extra-anatomic bypass 
grafts may become procedures of choice in good risk 
patients as well, because of lessened risk, a simplified 
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operation for the surgeon, and a shorter, more comfortable 
hospitalization for the patient. We believe tie axillo- 
axillary bypass operation has reached this level of utility. 

The procedure avoids thoracotomy or sternotomy, 
manipuletion of the carotid artery, and the sometimes 
troublesame dissection of the subclavian artery in the 
supraclavicular area. It is versatile in that it is applicable to 
lesions of either side and can be used for both subclavian 
and innominate occlusions. It can be combined with carotid 
endarterectomy and with grafts to or from a carotid or 
femoral source of solve problems of occlusions of multiple 
arch vessels, and it has been particularly useful to us in 
treating the subclavian steal syndrome. The operation is 
extremel, well tolerated, the symptomatic results are 
excellent, and the long-term graft patency seems quite 
satisfactory. 
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Discussion 


GEORGE C. Morris, Jr, MD, Houston: I would like to make an 
additional comment concerning the effectiveness and safety of 
various extrathoracic approaches to intrathoracic occlusive prob- 
lems, and then I would ike to question this particular approach as 
the premier aporoach to treating the subclavian steal syndrome. 

Some years ago we began analyzing our experience with the 
intrathoracic approach to intrathoracic problems. In the 1950s we 
had a high morzality from intrathoracic problems. In the 1960s we 
had increasiag application of extrathoracie revascularization 
procedures tc intrathoracic occlusive disease and a corresponding 
decline in the use of intrathoracic measures. 

Subelavian seal is most commonly found on the left. As you 
cross the aortic areh, the incidence of atherosclerosis increases 
almost exponerztially. We have found that the most satisfactory 
approaeh to managing left subclavian steal is the short bypass, 
earotid to subclavian, which converts the left carotid artery into a 
left innominzte artery, matching the right in a natural way. We 
believe it is the best procedure for the patient. It can be performed 
with one small supravascular incision, and in female patients only 
the platysma needs to be divided. In male patients, the scalenus 
anticus is ustaly also divided. The long-term results are extraor- 
dinarily good, and we have found that no neurological problems 
ensued from clamping the common carotid artery. None of my 
colleagues in Houston has reported the development of a left 
carotid steal ^o lowing this procedure. I believe that the long-term 
patency rate is higher in this approach that in the approach used 
by Dr Mrers group, and we have not had the problem of grafts 
going over the sternum in thin patients or of going up and down 
the sternum wth a saw. 

Joux E. CeNsxoLLx, MD, Irvine, Calif: Our experience with the 
axillo-axillary bypass, while it has not been as extensive as the 
experience reported by Dr Myers’ group, has given us some 
indication that it is an operation of merit. 

Five axillo-axillary bypass procedures have been performed in 
the last three years at our institution. Three patients had an 
arterioselerotic obstruetion where the left subclavian artery 
emerges; the fcurth had had the left subclavian artery divided in 
the course of ar operation to remove an aortic aneurysm, which led 
to subelevian steal; and the fifth patient had an innominate 
arterial obstruetion. 

We used a 1C-mm cloth graft in all five patients. In a procedure 
similar to the one described by Dr Myers, we made a small incision 
beneath the clavicle and attached the graft to the first portion of 
the axillary artery, just medial to the corcoid process, with a 
subcutaneous tannel across the sternum for the cloth bypass. To 
date these patients have experienced no complications and no 
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cosmetic or pressure problems. We believe that the good patency 
results from the size of the grafts and their relatively straight, 
short courses. The procedure is much like the procedure for a 
femoro-femoral graft. | 

I prefer the axillo-axillary bypass graft to the direct subelavi- 
an-carotid bypass because it avoids tampering with the carotid 
artery. The carotid artery does not need to be eross clamped, and 
this is an advantage in poor risk patients. 

If the subclavian or innominate obstruction is accompanied by 
disease of the carotid bifurcation, we do an endarterectomy at the 
carotid bifurcation, patch that arteriotomy as a roof with a 
saphenous vein, and run it down to the subclavian. Clinical 
evidence indicates that performing a direct subclavian carotid 
bypass in the presence of carotid bifurcation obstruction will 
result in subclavian steal if the carotid bifurcation obstruction is 
not simultaneously corrected. 

RayMonp C. READ, MD, Little Rock, Ark: I would like to review 
the experience at our institution in Little Rock. We began to do 
these procedures 17 years ago, and since then we have performed 
operations on 90 patients with this disease. We concur with Dr 
Myers and the other discussants that subclavian steal occurs most 
commonly on the left. Originally we treated the problem with 
thransthoracic procedures, but no longer. We now use the axillo- 


axillary bypass on occasion, but we prefer the earotid-subclavian - 


bypass just described by Dr Morris. In 64 cases, we have no 
thrombosis, but two grafts had to be removed because of the onset 
of infection. In 12 patients with axillo-axillary bypass grafts, we 
have had one instance of thrombosis and one instance of 
erosion. 

The indications for an axillo-axillary graft include infection 
of the carotid-subelavian bypass, occlusion of the innominate 
artery that cannot be managed with the carotid-subclavian graft, 
and sometimes in combination with the carotid-subclavian bypass 
(if both vessels are occluded on that side.) Previous trauma or 
radical neck surgery is another indication for the axillo-axillary 
graft, but at present we do not prefer it to the carotid-subclavian 
bypass. 

Dr Myers: I have no idea how long this will remain the premier 
operation at Marshfield, Dr Morris. We are interested in the direct 
subclavian-to-carotid anastomosis, and we might use that when 
the carotid stenosis and subclavian steal exist on the same side. 

I didn't deal with the problem of sternotomy in the report. In 
two patients we performed a modification of the axillary bypass, 
using ascending aorta to axillary artery, when the coronary bypass 
was to be done at the same time. The graft was passed in a 
peristernal manner, then under the muscle to the axillary artery. 
This seemed a bit easier to us than an innominate endarterecto- 
my. 

I too would propose that in any patient requiring a sternotomy, 
the graft should be moved over to the ascending aorta as part of 
the procedure. 

Dr Connolly, we too have found that the first portion of the 


artery is a bit easier to use than the second. The artery on the | 


uninvolved side, which is often very pulsatile, frequently thrusts 
forward away from the cords of the plexus, and then it is easier to 
use the second portion. But on the involved side, the artery may be 
nonpulsatile, small, and straight, and may be surrounded by the 
cords of the plexus. There the axillary sheath binds it tightly, and 
it is easier to use the first portion of the artery. 

We have sometimes used a vein graft—though more often 
prosthetic—when carotid stenosis is present and when we have an 
ipsilateral combination of the two disease processes. We bring the 


graft under the clavicle to the axillary artery. Here, for an upward 


directed graft, we prefer to use the second portion of the 
artery. 
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In patients with serious bacterial infection, the 
choice of antibiotic therapy is usually made on the 
basisof the effectiveness-to-risk ratio. This considera- 
tion 5 particularly important when an aminoglycoside 
antibiotic is indicated. 

The activity of Nebcin® (tobramycin sulfate, Lilly) 
agair sta wide range of gram-negative organisms is 
now well known. A review of worldwide literature 


! shows “that tobramycin has significant antidacterial 
activ ty and that it is the most potent of alle eminogly- 





activities of tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bers of the Enterobacteriaceae are comparable, with tract infections 
~ each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
other against selected strains of any species. | including burns 
Nebcir: is indicated in the treatment of caused by susceptible strains of the following 
septicemia microorganisms: Pseudomonas aeruginosa, 





Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


aud tip * 
E S oí = The proximal tubule 

The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity. 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule2 Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity.) The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients). 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 


sericus lower respiratory infections 
gastrointestinal infections, including 
peritonitis 
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WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 



































Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 


>. group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 


a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated anc recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 


. the causative organisms are not susceptible to antibiotics having less potential toxicity. 


Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. if suscepti- 


. bility tests show that the causative organisms are resistant to tobra mycin, other 

J appropriate therapy should be instituted. In patients in whom gram-negative 

- septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 

. concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 

. Studies are obtained. The decision to continue therapy with Nebcin should be based on 

. theresults of susceptibility studies, the severity of the infection, and the important 

J additional concepts discussed in the WARNINGS box above. 


Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 


_ Warnings: See WARNINGS box above. 


Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. t 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 
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NOTE: The risk of toxic reactions is low in patients with normal rena function 
who do not seceive Nebcin in higher doses or for longer periods of tim» than those 
recommended. 

Other reperted adverse reactions possibly related to Nebcin include increased serum 
transaminas (SGOT, SGPT) and increased serum bilirubin: anemia, granulocytopenia, 
and thromBecytopenia; and fever, rash, itching, urticaria, nausea, vom ting, headache, 
and lethergy 
Suggested Dosage Guides — I.M./1.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage for adults, children, and older infants (normal renal funcWon) — 
3 mg/kg/day administered in three equal doses every eight hours. Intife-threatening 
situations, the dosage may be increased up to 5 mg/kg/day administered in three or 
four equa! doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated: «Refer to Table 1 for dosage schedule.) 
Dosage for aeonates up to one week of age (normal renal function) — 
Up to 4 mg"kg/day may be given in two equal doses every 12 hours. 
Dosage guide ines for adult or pediatric patients with reduced renal funetion — 

After a loacing dose of 1 mg/kg, subsequent dosage must be adjustedeither with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determire the reduced dose at eight-hour intervals, see the converrent nomogram 

in the packege literature* To calculate normal dosage at prolonged irtervals (if the 

creatininecdearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q(6 serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I. V. Adminis-ration —The usual volume of diluent for adults is 50 to 10) ml. For 
children, the wolume of diluent should be proportionately less than for adults. The 
diluted soluticn usually should be infused over a period of 20 to 60 minutes. 





*An alternate roug» guide for determining reduced dosage at eight-hour intervals (for pasents 
whose steady-stat? serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine, 


Table Dosage Schedule Guide for Adults with Normal Renal Fuaction 
(Dosage at Eight-Hour Intervais) 


Maximum Dose for Life- 
Threatening Irfections 
(Reduce as soon as possible) 
1.66 mg/kg. 8h 
(Total, 5 mg/kg/day) 


Usual Dose for 
Serious Infections 
For Patient 
Weighing 1 mg/kg q 8h 
(Total, 3 mg/kg/day) 


ml/dose* 


3 ml 
2.9 ml 
2.75 ml 
2.6 ml 
2.5 ml 
2.4 ml 
2.25 ml 
EI ot 
2 ml 
1.9 ml 
1.75 ml 
1.6 ml 
1.5 ml 
1.4 ml 
1.25ml . 
im 
1 ml 





tApplicable to ali procuct forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied-* mpoules (Vials) Nebcin® (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tab-amycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks™(multiveal cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tobra nycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets* (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalen- to 
tobramycin) per 1 5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also coatains 5 mg phenol as a preservative, 3.2 mg sodium bisultite, 0.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 


on request from li Lilly and Company, 


Indianapolis, Indi 1na 46206. 





Eli Lilly Industries, Inc. 
Carolina, Puerto Rico 00630 
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Vascular Access: Long-term 


Results, New Techniques 


Joseph L. Giacchino, MD; W. Peter Geis, MD, FACS; John M. Buckingham, MB, BS; 


Leonard L. Vertano, MD; Vinod K. Bansal, MD 


® Effective aporoaches to unique problems of vascular access 
in renal failure have evolved from a five-year experience with 840 
angioaccess precedures. Standard techniques plus innovations 
have required only 0.62 operations per year per patient with an 
average access life of 1.6 years. Classical forearm external 
arteriovenous (AV) cannulas and internal AV fistulas provided 
vascular accessin 392 patients, while 61 required more complex 
procedures due to failure of primary cannulas and fistulas, 
inherently smal forearm vessels, and iatrogenic vessel loss. 
Secondary techaiques include reverse fistula, vascular graft AV 
fistulas using expanded polytetrafluoroethylene (E-PTFE), and 
arterioarterial (AA) jump graft. Presently, the new renal failure 
patient receives. a forearm radiocephalic AV fistula; the cannula 
is restricted to emergency or short-term hemodialysis and may 
later be converted to a subcutaneous fistula. The reverse fistula 
is attempted before using E-PTFE grafts. Upper extremity AV and 
AA loops can then be constructed de novo or from the reverse 
fistula. 

(Arch Surg 1$4:403-409, 1979) 


he seope and potential of vascular access becomes 

grossly sef-evident when one considers issues basic to 
modern mediane, ie, renal dialysis and transplantation, 
chronic intravenous administration of nutrition for intesti- 
nal failure, and chemotherapy administration for advanced 
neoplastic disease. Prolonged and improved survival in all 
chronic disease may require reliable access to the patient's 
periphera! vessels. The demand for angioaccess in chronic 
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renal failure alone is clearly defined by a yearly incidence 
of 13,000 patients treated by chronie dialysis with a 
prevalence of 130,000 patients. The need for effective 
procedures and a systematic approach is emphasized by the 
simple consideration that a routine upper extremity arteri- 
ovenous (AV) fistula for hemodialysis will be punctured by 
two 14-gauge needles more than 150 times per year. Thus, 
durability, ease for approach by paramedical assistants, 
resistance to infection, and potential for revision are basie 
vascular access goals. The informed surgeon is the pivotal 
determinant for success and failure. 


METHODS 


Surgery for vascular access is successfully accomplished by local 
infiltration and regional nerve block anesthesia. The variable 
success of brachial plexus block leads us to conclude that local 
infiltration is a reliable and well-tolerated technique even when 
used for more complex graft fistulas. Despite the use of locally 
administered anesthesia, the presence of trained personnel to 
monitor blood pressure, respiration, and level of consciousness in 
this group of severely ill patients is desirable. We routinely use 
prophylactic antibiotics prior to construction of vascular access, 
particularly AV cannulas and prosthetic graft fistulas. Intrave- 
nously administered vancomycin given immediately prior to the 
procedure is the drug of choice.' It is active against Gram-positive 
organisms, particularly coagulase-positive staphylococci. The anti- 
biotic is 80% excreted by the kidneys and is relatively nondialyza- 
ble. Therefore, one intravenous dose of 1 g will maintain effective 
blood levels for 14 days postoperatively in the oligurie patient. 
However, higher doses in patients with borderline renal insuffi- 
ciency may be nephrotoxic. 


AV Shunts 


Teflon-tipped straight silicone rubbed cannulas are used to 


construct external AV shunts for acute dialysis.* This has facili- 
tated declotting with Fogarty embolectomy catheters followed by 
shunt angiograms to delineate technical defects. Common 
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anatomic sites include the radial artery and cephalic vein at the 
wrist and the posterior tibial artery and saphenous vein at the 
ankle. Regardless of the Allen test result, placement of an AV 
shunt has not led to hand ischemia, presumably due to adequate 
collateralization by the interosseous arteries. Patients with phle- 
bitie cephalic and saphenous veins may have an external shunt 
placed in the inguinal region using techniques summarized by 
Butt et al^ An arterioarterial (AA) shunt has been devised with 
return flow entering the distal segment of the same artery 
cannulated proximally by the outflow cannula.* In critically ill 
patients with poor peripheral veins, a functioning AV shunt with 
an interposed Teflon T-piece between the arterial and venous 
limbs can conceivably serve as access for phlebotomy and intrave- 
nous infusions. 


AV Fistulas 


The typical internal AV fistula is constructed in the nondomi- 
nant forearm between the radial artery and cephalic vein. 
Side-to-side, end-to-side, and end-to-end techniques have all been 
employed successfully. Our preference is a side-to-side anastomo- 
sis. This allows for distal decompression of arterial inflow until the 
proximal venous segment matures. A Fogarty embolectomy cath- 
eter is used to dilate the proximal cephalic vein. In addition, a 
careful attempt is made to rupture the first distal venous valve 
with a probe. Regional heparinization is used. Care must be taken 
to avoid excessive vessel angulation at the anastomosis and 
unnecessary manipulations resulting in vasospasm. The patient is 
instructed to perform hand and forearm exercises designed to 
increase fistula flow. Maturation of the internal AV fistula before 
initiating hemodialysis is a variable phenomenon, depending on 
patient anatomy and forearm blood flow. In the initial description 
of the technique by Brescia and colleagues, dialysis was started on 
the first postoperative day using a proximal tourniquet for venous 
dilation.' 

The major superficial veins of the forearm become arterialized 
in response to a radiocephalic fistula. If this primary fistula fails, 
the dilated veins in the antecubital fossa can be used to reconstruct 
an internal AV fistula. An arterialized cephalic vein can be 
anastomosed end-to-side to the brachial artery below or above the 
elbow. Veins of the median antecubital system that constitute the 
basilic vein have been used to create the reverse AV fistula.’ Less 
commonly, the ulnar artery can be anastomosed side-to-side to an 
enlarged vein. Moreover, a more proximal segment of the radial 
artery and cephalic vein ean be used to re-create the original 
fistula. 


Reverse Fistula 


The reverse AV fistula involves a side-to-side brachial artery to 
basilic vein anastomosis with reversal of flow into the superficial 
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Fig 1.—Reverse arteriovenous fistula. 
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median antecubital and ulnar veins (Fig 1). Blood flow enters the 
deep venous system through perforating veins in the forearm and 
returns via the venae comitantes of the brachial artery. Technical 
features of the fistula involve three important points. First, after 
basilie venotomy, valves in the forearm veins are ruptured with a 
blunt malleable probe. Due to previous venous arterialization, 
these valves are frequently incompetent, requiring little instru- 
mentation. Second, meticulous care must be taken not to injure the 
deep brachial veins for these eventually will represent the major 
route of forearm venous return. Last, the basilic vein immediately 
proximal to the anastomosis is plieated to direct arterial inflow 
toward tae forearm. Plication rather than ligation will keep the 
proximal basilic vein patent to serve as a future site for anasto- 
mosis of a graft. 


Foreign Body Graft Fistulas 


Extended procedures with prosthetic grafts have been used only 
after thorough evaluation discloses a paucity or exhaustion of 
autogenous sites. Obesity as well as iatrogenic vessel loss prevent 
primary radiocephalic fistulas. Forearm brachioantecubital loop 
grafts and radioantecubital straight grafts, as well as upper arm 
brachiobasilic loops over the biceps muscles have been employed 
routinely. We have applied the concept of the AA jump graft to the 
upper extremity in patients with previous graft failures." 

The forearm brachioantecubital loop AV graft fistula (Fig 2 and 
3) is created under three circumstances: (1) the cephalic vein at the 
wrist is o^ poor quality and inappropriate for a radiocephalic AV 
fistula; (2) a radiocephalic AV fistula has created arterialized 
antecubital veins, but a reverse fistula cannot be formed; and (3) a 
failed reverse fistula is converted to a graft fistula. Both the 
brachial artery proximal to its bifurcation and the median antecu- 
bital vein are isolated below the elbow through a transverse 
incision. Extension of the graft across the elbow joint to both 
artery and vein have been reported with apparent suecess. An 
end-to-sice graft-arterial anastomosis is done. The graft is then 
heparinized, clamped distally, and tunneled through the subeuta- 
neous space of the volar surface of the forearm while pulsatile. 
Two counter incisions are made distally to facilitate tunneling. 
Kinking ia the distal loop is the most frequent cause of immediate 
postopera-ive thrombosis. Tunnel depth must be judged adequate 
for easy graft palpation. The final end-to-side graft-venous 
anastomosis is accomplished alongside the inflow anastomosis. 
When constructing an AV graft from a failed reverse ‘istula (Fig 
2), the median antecubital vein is used as the artery and the low 
pressure cephalic vein as the outflow site. The distal ulnar and 
median antecubital veins as well as the previously plicated proxi- 
mal basilic vein are all ligated to prevent unnecessary vascular 
steal. 

The ind cations for the upper arm brachiobasilie AV graft (Fig 4 
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Fig 4.—Brachiobasilic graft arteriovenous fistula. 
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and 5) include the following: (1) palpably inadequate antecubital 
veins such as in obese patients or in patients with phlebitie and 
thrombosed veins from a prior radiocephalic fistula; (2) a failed 
reverse AV fistu. a; and (3) a failed forearm brachioantecubital A V 
graft. Twe medial longitudinal incisions are made, first in the 
most proximal arm to insure an appropriate basilic vein. If a large 
caliber vein is absent, an AA jump graft (Fig 6) is constructed. The 
purpose for proximal basilie plication in the reverse fistula (Fig 1) 
is to reverse flow yet maintain patency for future conversion to 
the brachiebasilie loop. 

The AA graft »etween the proximal and distal brachial artery is 
easily placed wien a basilie vein is inadequate. Failure of a 
brachiobasilie AV graft due to venous outflow stenosis can be 
resolved br eonverting the proximal anastomosis to an anastomo- 
sis between the graft and the brachial artery. All venous flow from 
the dialyzer is d rected toward the forearm. This AA conduit has 
been construczed suceessfully despite only interosseous artery 
runoff in the forearm. 


RESULTS 


In five years, 840 angioaccess procedures were 
performed in 451 renal failure patients, averaging 168 
cases per yca- for 90 patients per year. Considering a 
stable number-of chronic dialysis patients with a balanced 
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Fig 5.—Reverse fistula to brachiobasilic arteriovenous fistula. 
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Fig 6.—Brachiobrachial arterioarterial graft. 


turnover, our average observation period for each patient 
has been three years. This allows a determination of 0.6 
operations per year with an average of 1.6 years per access 
procedure. Primary AV shunts and fistulas accounted for 
710 procedures in 398 patients (87.1%); 130 extended proce- 
dures including revisions were performed in 58 patients 
(12.9%). 

Common problems associated with exte AV shunts 
have been recurrent thrombosis and infection. Thrombosis 
has been inevitable when AV shunts have been placed in 
patients with poor peripheral perfusion. Otherwise, throm- 
bosis is due to a technical placement error or the develop- 
ment of chronic arterial and venous obstructions. We have 
found the venous cannula to be the side most commonly 
involved with chronic occlusion. The occurrence of infection 
along the subcutaneous tunnels has been directly related to 
the length of time the shunt is left in place. Vigorous 
hygiene by the patient and dialysis personnel as well as 
vancomycin prophylaxis have decreased but not eliminated 
the infections. Other complications have been dislodgment 
with acute hemorrhage and chronic erosion of the skin. If 
the external AV shunt has been restricted to use for a 
finite period of acute dialysis, the majority of these 
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problems have been prevented. 

Exclusive to the internal side-to-side radiocephalic AV 
fistula have been complications with venous hypertension 
in the hand. Distal venous pressure will increase with the 
development of chronic proximal venous occlusion. In our 
series of 346 radiocephalic fistulas we have experienced 
only eight cases of venous hypertension. Manifestations 
have included swollen, cyanotic hands with chronic pain 
exacerbated during hemodialysis. Stasis ulceration -has 
been a late manifestation. Simple and effective manage- 
ment has involved ligation of the cephalic vein distal to the 
anastomosis after evaluation of proximal venous patency 
by examination and angiography. 

Arterial insufficiency also has been an infrequent 
complication noticed in only three of our patients. Acceler- 
ated atherosclerosis particularly in uremic diabetics has 
been noted to be a major factor. Two patients demon- 
strated a radial steal syndrome involving retrograde filling 
of the fistula from the ulnar artery through the palmar 


arch. In our two cases this was precipitated by proximal 


radial artery occlusion whereas classically the steal is 
present in addition to antegrade perfusion. Management 
involves distal radial artery ligation if the proximal 
segment is patent, otherwise the venous limbs of the 
fistula must be ligated and a new access constructed. 

Both true and pseudoaneurysm formation of arterialized 
veins haze occurred but rarely have been clinical problems. 
One patient had an infected pseudoaneurysm resected and 
the tributary vein ligated. Veins that have become 
extreme y dilated and tortuous rarely have been more than 
cosmetic concern. Pseudoaneurysms have formed at sites 
of repetitious needle puncture due to convenience of 
successfal insertion in dilated areas. 

Radioeephalic fistula infections have developed in a 
small but notable percentage of patients. Inflammation 
has beem overt or occult and has aceounted for systemic 
symptoms. When occult, the fistula invariably has been 
overlooked in the long and tedious evaluation of fever of 


Extended Vascular Access Procedures 
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Reverse AV 36 
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Compartmental hypertension 
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Complications Resolved 
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Infection 

Outflow stenosis 

Total 
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Graft AV failure 


Graft AV failure 
Graft AV failure 
Graft AV failure 
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Fig 7.—Dilated median antecubital veins at site of expanded poly-etrafluoroethylene grafts-venous anastomosis 


(arrows). 
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unknown origin. Interval peritoneal dialysis and systemic 
vancomycin administration has been the treatment in four 
of our patien:s. 

Our introduction of the reverse AV fistula has served to 
avert the more frequent complications of graft procedures 
in approximately 80% of patients undergoing the proce- 
dure (Table). Of 36 patients, 29 have been observed success- 
fully for 1 t» 3.5 years using single- and double-needle 
dialysis. The seven patients experiencing reverse fistula 
failur» all suecessfully underwent conversions to graft 
procedures. Primary reverse fistulas into naturally occur- 
ring enlarged veins without a previous radiocephalic fistu- 
la (three pzt-ents) have not matured satisfactorily. 

Complications of the reverse fistula have resulted from 
venous hypertension in the forearm. The evolution of 
typical lower extremity postphlebitic changes occurred in 
three patierts, ranging from early edema and stasis 
dermatitis to late ulceration. All changes completely 
resolved when graft AV fistulas were placed and the 
antecubital veins ligated. One patient had increased fore- 
arm turgor and decreased wirst flexion indicative of 
compartmen:al hypertension. The reverse fistula was 
urgently ligated and a fasciotomy performed with full 
recovery. Venous hypertension has been related to surgical 
injury ef deep brachial veins or failure of forearm perfo- 
ratinz branches to develop to the deep venous system. 

The majority of our extended vascular access procedures 
using grafts have been performed using expanded polyte- 
trafluoroethzlene (E-PTFE) (Table). All E-PTFE grafts 
were placed in the upper extremity: (1) 16 grafts were 
forearm brazhioantecubital loops; (2) 14 grafts were upper 
arm »rachio»asilie loops; (3) 2 grafts were forearm radioan- 
tecubital straight AV fistulas; and (4) 8 grafts were 
brachicbach:al AA jump grafts. The 33 AV procedures 
were observed for a minimum of six months and maximally 
to two years. Nine of these grafts sustained 18 episodes of 
thrombosis; 3 grafts experienced large hematomas requir- 
ing perieds of peritoneal dialysis; 3 grafts developed focal 
areas of coagulase-positive staphylococcal infection; and 2 
brachieanzecubital loops developed substantial venous 
outfiow stenosis. The total number of grafts sustaining 
complications was 14, while the other ten have provided 
uneventful function. Graft failure in the E-PTFE AV 
group was fve of 33 or 15.2%. Direct causes of failure were 
thrombosis due to hemostatie banding (one), venous 
outflow sterosis (two), and infection (two). All five of these 
patients underwent successful conversions to AA grafts 
requiring interval peritoneal dialysis in four patients. 

Eight patients have received an AA jump graft in the 
upper part of the arm. Besides the five placed due to AV 
grat failure, one patient referred to our center underwent 
the orocedure due to severe vascular steal of an end-to-side 
AV brachiocephalie fistula. Patient 6 was an elderly diabet- 
ic with multiple access failures. Further, one graft was 
plaeed in a young woman receiving chemotherapy for 
metastatic breast carcinoma after failure of a forearm 
fistula. Functional longevity has ranged from one to 12 
months in six patients. Two patients experienced graft 
thrembosis within two weeks of placement and were 
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converted to permanent peritoneal dialysis. 

Experience with other graft material includes 16 
patients with bovine carotid heterografts in the upper part 
of the arm, 5 patients with saphenous vein autografts, and 
4 patients with umbilical vein homografts. Twelve of 14 
bovine grafts were lost to thrombosis and infection within 
six months, whereas two grafts had prolonged function at 
two years but were eventually converted to E-PTFE loops 
due to venous outflow stenosis and recurrent thrombosis. 
All saphenous vein AV fistulas were lost to thrombosis 
within six months. Human umbilical vein AV grafts were 
initial placement problems with kinking during tunneling 
through subcutaneous tissue. One umbilical brachiobasilic 
AV fistula has maintained excellent function at 18 
months. 

Graft fistula thrombosis has been due to excessive 
postdialysis banding for routine hemostasis and to venous 
outflow stenosis. Thrombectomy with possible graft angi- 
ography has been performed from the apex of the loop 
grafts (Fig 2). The cause of thrombosis soon after dialysis 
is most likely due to excessive hemostatic pressure, where- 
as spontaneous occlusion is due to poor venous outflow 
making angiography mandatory at the time of thrombec- 
tomy. In the face of venous outflow stenosis, two patients 
with E-PTFE AV forearm grafts underwent bypass of the 
stenosis with an E-PTFE segment to a venous source above 
the elbow. Four patients with E-PTFE brachioantecubital 
loop fistulas have developed dilation of the venous outflow 
tract extending into the upper arm. Figure 7 is an example 
of such a graft. Needle puncture has thus become possible 
through the basilic and cephalic veins, completely bypass- 
ing the graft. 

The incidence of vascular steal secondary to using the 
brachial artery as a source of blood has been extremely low. 
The E-PTFE graft has been used in 6 mm diameters, the 
bovine in 8 mm. Anastomoses in reverse AV fistulas have 
been approximately 15 mm in length. We have had experi- 
ence with vascular steal in only two patients—one after 
reverse fistula and the one patient described above who 
underwent conversion to an AA graft. None of our 6 mm or 
8 mm graft anastomoses have caused steal symptoms. 


COMMENT 


The initial evaluation of the renal failure patient is the 
optimal time to establish a tentative plan for immediate 
and long-term access requirements. This concept is insep- 
arable from the overall considerations for stabilization and 
establishment of the entire spectrum of management of 
these patients. One must be cognizant of the cause, sever- 
ity, and reversibility of the disease process. The patient’s 
cardiovascular status is a critical determinant of the 
approach to dialysis. Unstable patients require peritoneal 
rather than hemodialysis due to frequent thrombosis of 
vascular access routes secondary to poor peripheral perfu- 
sion. Moreover, the presence and potential for bleeding 
may curtail attempts at hemodialysis. We have found that 
initial appropriate decisions concerning the technique for 
dialysis will invariably prevent time consuming emergency 
access revisions. 
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Acute renal failure (ARF) is approached by use of the 
external AV shunt or femoral vein catheterization for 
hemodialysis. Peritoneal catheterization via a parietal 
peritoneal eutdown is an equally viable and safe alterna- 
tive. Blind percutaneous cannulation of the peritoneal 
cavity is discouraged. Conservation of access sites is not a 
prime consideration in ARF due to its inevitable reversi- 
bility. It should be remembered that recurrent thrombosis 
of external AV shunts in a hemodynamically stable patient 
indicates technical defects at cannula insertion sites, most 
often the venous side. Angiography with appropriate 
revision is a necessity. 

Vascular access for chronic renal failure should be done 
in anticipation of future long-term hemodialysis require- 
ments. Elective operations should be planned in conjunc- 
tion with medical colleagues. Ideal management is the 
placement of the forearm radiocephalie AV fistula under 
local infiltration anesthesia. Fistula maturation often coin- 
cides with initiation of dialysis. In more emergency situa- 
tions a peritoneal catheter may be placed for immediate 
needs, followed by construction of the radiocephalic fistula 
for long-term access. Use of the external AV shunt is 
rarely indicated in CRF. We have steadfastly avoided early 
placement of graft AV fistulas unless stringent indications 
are present. Paucity of forearm veins, obesity, and iatro- 
genie vessel loss via phlebitis and venous cutdowns serve as 
reasons for primary prosthetic fistulas. Interim use of 
peritoneal dialysis is indicated until the graft is ready for 
hemodialysis puncture. 

Complieations of internal fistula procedures such as 
infection, aneurysm formation, and vascular steal are rare, 
and although these complications warrant recognition and 
expeditious correction, they are not prime deterrents to 
successful vascular access. Thrombosis, however, may 
initiate a series of events that become hazardous to a once 
stable patient. We have noted the primary cause of throm- 
bosis to be mishandling of fistulas by dialysis personnel. 
Repetitious cannulation at the same puncture sites 
routinely occurs in fistulas that have long arterialized 
venous segments. Overzealous banding of fistulas for 
hemostasis has been a common cause of thrombosis partic- 
ularly in grafts. A concerted effort at communication 
between physician and technician has diminished totally 
preventable mishaps. Thrombosis due to venous outflow 
stenosis of high flow grafts has been described, particular- 
ly with the bovine heterograft.' Revision may be accom- 
plished via local bypass of the venous occlusion, but more 
likely will involve creation of a new access site. 

When faced with revision of a radiocephalic fistula, we 


have found that the reverse AV fistula serves as a reliable 
technique designed to avoid a prosthetic graft. If one 
adheres t» the principles of its construction, it will likely 
become tae final access procedure. The complication of 
venous hypertension with stasis changes is easily resolved 
by conversion to a graft technique (Fig 3 and 5). Both 
forearm and upper arm AV grafts have been used success- 
fully for prolonged periods. The volar forearm might be the 
preferred site with respect to ease of graft puncture, but a 
higher incidence of venous outflow stenosis may be 
encountered with the median antecubital vein vs the basilic 
vein of th» upper arm. 

The lastalternative in the upper extremity is no: the AA 
jump graft. No immediate complications of blood return 
through tbe capillary-venous system of the hand have been 
noted durmg an observation time extending to 12 months. 
This is particularly remarkable considering the inevitably 
deranged zrteriovenous hemodynamics of the forearm due 
to previous access failures. Complications from proximal 
manipulat-on of the brachial artery have not been encoun- 
tered. 

We have avoided use of the lower extremity for graft 
placement due to a concern for the likelihood of infection as 
well as patient intolerance. Perhaps more important is 
possible in-erference with future renal allograft placement 
of the ilia* vessels. Certainly with exhaustion of upper 
extremity alternatives, the femoral vessels should be 
approachec for interposition loop grafts. Two of our 
patients with failure of the AA access were placed on 
permanent peritoneal dialysis rather than attempts at 
inguinal procedures. 

We have substantiated the clinical trials and experience 
of others fmding E-PTFE presently the graft material of 
choice for vascular access.*'" Prospective comparison of 
E-PTFE wth umbilical vein and preserved saphenous vein 
homografts have not been reported. Desirable features of 
E-PTFE when compared to bovine grafts are decreased 
thrombosis and a greater resistance to infection." We have 
noted a terdency for E-PTFE grafts to dilate the graft- 
venous outdow tract that has been the site of late bovine 
AV graft tarombosis due to fibrous intimal proliferation. 
A possible reason for this observation may be a greater 
facility for a meticulous anastomosis with the E-PTFE 
graft due -o ease of handling. Histologieal analysis of 
E-PTFE a: a hemodialysis conduit has shown z rapid 
fibroblastic ingrowth with endothelialization of the lumi- 
nal surface and substantial levels of fibrinolytic activity at 
the venous anastomotic site." 
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Discussion 


HErBERT J. Movius, MD, Leng Beach, Calif: Dr Giacchino and 
his cosuthors zre te be congratulated and given full credit for long 
hours spent ir arriving at their conclusions and the procedures 
that they have presented. I would like to ask them to expand on 
their procedures because, to most of us who don’t continuously do 
access proceedures, the plan is probably more important than the 
details. 

Providing d-alysis access is not a task to be delegated to the 
juniorresiden®. It is an extremely difficult procedure, but, I might 
hastily add, that it also is not something that the senior surgeon 
wants to take ap. However, dialysis access procedures do provide 
an opportunity to teach the principles and techniques of vascular 
surgery, and we use them considerably in our program. 

I agree wita Dr Giaechino that internal AV fistulas of the 
Cimine type heve the least complications and are certainly prefer- 
able. Unfortunately, in our own dialysis population, we have not 
been able to use this type of aceess in many patients. They come to 
us with other procedures already innovated, veins are lost, and we 
frequently have to use foreign material. 

We aave not used the reverse AV fistula as described, but we 
may try it in tke near future. It has some intriguing points, and if 
it will eliminate using foreign material, the procedure may have 
an advantage. However, the figures reported by Dr Giacchino and 
co-workers for E-PTFE were actually better than for the reverse 
fistula. 

We have implanted bovine grafts in about 120 patients, but have 
rejected the bovine grafts in favor of E-PTFE for the last 400 plus 
patien-s. Th» most common problem we have observed is a 
progressive stenosis at the graft-to-vein anastomosis from a 
buildu» cf fibrous tissue. We believe the stenosis is due to some 
factors that wecannot explain—possibly diabetes, smoking, and to 
flow characteristics with turbulence. 

We have not used the artery-to-artery graft. Primarily, it is a 
high-pressure system, and I am concerned about the formation of 
aneurysms wita repeated large needle punctures; aneurysms do 
form when the venous graft becomes hypertensive. I am also 
concerned about the possibility of the trash hand developing from 
the numerous reedle punctures. Therefore, I will await the reports 
based on further experience. 
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DR Gkis: The thrust of this article is to emphasize a prospective 
approach or "game plan" for all patients requiring dialysis. The 
innovative procedures that we have emphasized herein are only 


required in approximately 10% to 20% of all patients who require - 


dialysis. We have operated on approximately 450 patients who 
have had vascular access procedures in the past five years. Only 
some 70 or 80 patients have required the innovative operations. 

The first choice of innovative procedure after failure of a 
routine AV fistula is the reverse fistula. The purpose of using this 
fistula is to forego the use of a foreign body graft. While the 
reverse fistula does not result in 100% long-term graft survival, 
the fistula accomplishes "arteriolization" of proximal forearm 
veins so that (1) a foreign body graft can be anastomosed to the 
fistula in obese patients; (2) the fistula may be used for months to 
years to avoid premature use of a foreign body graft, and further 
(3) the reverse fistula may well be used for two or three years 
followed by conversion to an AV loop graft when the reverse 
fistula no longer functions properly. 

In regard to anastomotie stenosis, we believe that nonlaminar 
flow at the venous anastomosis of a foreign body graft—irrespec- 
tive of material used—will result in intimal hyperplasia and 
eventual outflow stenosis. The clear advantage of the "Goretex" 
graft is that thrombus does not adhere to the wall of the graft. 
Thus, thrombectomy is easily accomplished followed by angiogra- 
phy of the graft to determine whether stenosis is the cause of the 
thrombosis. Following thrombectomy and angiographie delinea- 
tion of a stenotic segment, the patient can be dialyzed and, at a 
later date, be returned to the operating room to repair or resect 
the stenotic segment. 

In regard to the possibility of aneurysms forming in arterioar- 
terial grafts in the arm, we have not observed this complication in 
the few grafts we have constructed. Further, femoropopliteal 
arterial grafts do not develop aneurysms, suggesting that this 
form of vascular access is safe and is free from such complications 
as venous hypertension and vascular steal syndrome. Aneurysms 
may, however, eventually develop at the needle puncture sites of 
such fistulas in the future. This hypothesis remains to be observed 
and its presence or absence will be reported at a later date. 
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Well-nourshed patients generally withstand the stress of 
uncomplicated surgery and return to full activity following 
a relatively short, predictable convalescence. 


Not all paients are so fortunate, however. Some confront 
surgery d»bilitated by malnutrition. Others undergo sur- 
gery with 5nly marginal reserves of body cell mass. These 
are patierts at nutritional risk—patients for whom pro- 
nounced weight loss, impaired wound-healing, sup- 
pressed immunocompetence, and increased susceptibility 
to infecticn are imminent possiblities in the pos'operative 
period. 


How many patients are affected? Recent studies have 
concluded that as many as 50% of a given surgical popu- 
lation anc 4496 of a general medical population may be 
affected Ey protein-calorie malnutrition.'? Certeinly, the 
need for aggressive nutritional support has been 
documen ed. 
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Suture Material as a Factor in the 


Occurrence of Anastomotic False Aneurysms 


An Analysis of 26 Cases 


David S. Starr, MD; Stephen C. Weatherford, MD; Gerald M. Lawrie, MD; Georg» C. Morris, Jr, MD 


è False aneurysm formation is a well-recognized late compli- 
cation of prosthetic graft insertion. Despite the fact that other 
etiologic factors may be involved, the behavior of the suture 
material remains of central importance. In a retrospective review 
of 1,330 peripheral vascular cases, we found 26 cases involving 
a total of 39 false aneurysms, or an incidence of 2% (26/1,330). 
Twenty-four of these were directly attributable to failure of the 
monofilament plastic suture or silk suture material. Braided 
Dacron suture was used in the original anastomosis in another 
seven cases, and in these instances the false aneurysms were 
not related to suture failure but were associated with such 
factors as previous endarterectomy, failure of arterial wall, and 
chronic hypertension. None of the 39 aneurysms was secondary 
to infection or trauma. These results emphasize the importance 
of using a braided, nonabsorbable suture material to ensure the 
continued integrity of an anastomosis involving prosthetic 
grafts. 

(Arch Surg 114:412-415, 1979) 


Ithough many etiological factors may be responsible for 
false aneurysm formation in anastomoses involving 
prosthetic grafts, we have been particularly interested in 
the influence of the type of suture material used on the 
occurrence of anastomotic false aneurysm. 
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The aim of our study was to determine the incidence and 
etiology o- false aneurysms in relation to suture material 
employed in vascular anastomoses involving prosthetic 
grafts in a large series of patients who were followed up as 
long as 13 years after operation. 


PATIENTS AND METHODS 


A retrospective review of 1,330 peripheral vascular operations, 
excluding carotid reconstructions, that were performel by one 
surgeon (G.D.M) between 1969 and 1978 was made in respect to 
anastomotic false aneurysms. There were 26 patients, 21 men and 
five women, aged 46 to 74 years (mean age, 61 yezrs), who 
underwent operation for anastomotic false aneurysm, or an 
incidence of 2% (26/1,330). 

Preoperative diagnosis was made clinically in the case of false 
aneurysms »f the femoral anastomoses of aortofemoral bifurca- 
tion grafts, and was confirmed by arteriography. In one patient, 
an aneurysm of the proximal anastomosis of the aortofemoral 
bifurcation zraft was found by arteriography for false aneurysm 
of the femoral anastomosis. Two false aneurysms of the »roximal 
anastomosis of an aortofemoral bifurcation bypass graft were 
found on pelpation during routine follow-up examinations. One 
false aneurysm at the proximal end of a tube graft replacement of 
an abdominel aortic aneurysm was found during arteriography for 
a thoracoabdominal aneurysm. A false aneurysm at the 5roximal 
anastomosis of the tube graft replacement of a descending 
thoracic aorta was seen on chest roentgenography. Only one 
patient was symptomatic, with flank pain due to rupture of a false 
aneurysm a: the distal end of an aortorenal bypass graft. 

All patierts underwent operation for correction of the false 
aneurysm, and the aneurysm and suture line were earefully 
inspected to determine etiology on the basis of the exact site of the 


Suture Material—Starr et al 





Anatomic Distribution of False Aneurysms 
Aortofemoralibypass graft 
Proximal anastomosis 3 
Distal anastomosis 30 
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Distal anastomosis 
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Number of Aneurysms 
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"ime of Diagnosis After Initial Anastomosis 


Time elapsed between initia! anastomosis and diagnosis of 
aneurysms (mean, 5.1 years). 


aneurysm, suture type, and the integrity of the anastomotic line. 
Aneurysmal cilation of an artery previously subjected to endarter- 
ectomy, suture tears in the graft or artery, and the presence of 
suture fractu-e-or slack in the suture line were carefully assessed 
at the time o? repair. 


RESULTS 


The anatomic distribution of the false aneurysms is 
given in the Table. The femoral anastomosis of an aortofe- 
moral bypass bifurcation graft was the site of 30 of the 39 
aneurysms. A | of these aortofemoral bypass grafts were of 
woven Dacron. The proximal anastomosis of a graft 
replacement ^or an abdominal-aortic aneurysm was the 
site in four patients, while four other aneurysms were 
related to the-distal anastomosis of a renal artery bypass, 
the femoral anastomosis of a femoropopliteal bypass graft, 
and the distal anastomosis of a femoropopliteal bypass. 
One other aneurysm was at the proximal anastomosis of a 
tube graft replacement of an aneurysm of the descending 
thoracic aorta. Bilateral femoral aneurysms developed in 
eight patierts at some time during the period of review, 
and in cne patient aneurysm formation occurred at the 
proxima! anastomosis and both distal anastomoses of an 
aortobilateral femoral bypass graft. A femoral aneurysm 
had recurred after repair in three patients. All of these 
were related *o the breakdown of polyethylene suture. 

The time between the initial anastomosis and the diag- 
nosis of false aneurysm is shown in the Figure. The mean 
time interval was 6.5 years, with a range of two months to 
13 years. 
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The suture materials that had been used were arterial 
silk (eight aneurysms); braided Dacron (four aneurysms); 
and polyethylene (27 aneurysms). The average time inter- 
val for presentation was similar in all three types. 

The anastomoses using arterial silk had been performed 
in the mid-1950s and represented a relatively small number 
of cases. Polyethylene suture material was used for a 
two-year period (1965 to 1967) and was soon abandoned 
because of early suture failure. Braided Dacron has been 
used in the majority of peripheral vascular cases since 1967 
and was used in the bulk of the 1,330 cases in our study; and 
the rarity of false aneurysm related to its use is indeed 
striking. 

Suture sizes were similar for different suture types: 3/0 
for arterial silk and 4/0 for polyethylene and braided 
Dacron were used in femoral anastomoses. 

In the four cases of anastomotic aneurysms not related 
to suture failure, the anastomoses had all been originally 
done with braided Dacron suture. Two of the aneurysms 
occurred in the same patient. At reoperation, the suture 
line was intact except for one area where several consecu- 
tive sutures had pulled through the wall of a common 
femoral artery on which endarterectomy had previously 
been performed. The other two of these aneurysms 
occurred in moderately hypertensive patients (blood pres- 
sure, 160/100 mm Hg), and the findings at operation were 
the same, with a small localized area of arterial tearing 
along the suture line. 

Excluding those aneurysms occurring subsequent to 
suture failure, the residual incidence of false aneurysms in 
this series is 0.8% (4/1,330). 


COMMENT 


False aneurysm formation at the site of a peripheral 
vascular anastomosis is a well-recognized late complication 
of prosthetic graft insertion, with the incidence recently 
reported as 2%.’ Early reports? attributed false aneurysm 
formation to the use of silk suture material for the vascular 
anastomosis. Even with the advent of monofilament plastic 
suture materials (polyethylene), however, the type of 
suture material used continued to be associated with the 
appearance of anastomotic false aneurysms. Despite the 
fact that other etiologic factors may be involved, such as 
the type of prosthetic graft, location of the graft relative to 
joints, the type of anastomosis formed, degeneration of the 
native vessel, endarterectomy, chronic hypertension, infec- 
tion, and the use of postoperative anticoagulants,' the 
behavior of the suture material employed remains of 
central importance. 

Of the various suggested etiologic factors,’ suture type 
was the most important contributor to aneurysm forma- 
tion in this series. Aneurysms following the use of polyeth- 
ylene suture and arterial silk were commonly related to 
suture failure. This observation has resulted in the discon- 
tinuance of their use in vascular anastomoses.'” Failure of 
silk sutures caused by dissolution of the material and 
ensuing phagocytosis was described many years before the 
use of silk as a vascular suture.‘ In those aneurysms that 
had occurred after an anastomosis with braided Dacron 
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suture, the anastomotic lines were intact and the defect 
was found in the native artery or in the woven Dacron 
graft. The limiting factors of graft integrity and the 
intrinsic weakness of a diseased arterial wall account for 
the continued although decreased incidence of anastomotic 
aneurysm. The incidence of suture failure and knot slip- 
page with braided Dacron suture has been negligible.’ 

Anastomotic aneurysm occurred predominantly in anas- 
tomoses with the common femoral artery, more commonly 
than the frequency of aortofemoral bypass operations (549 
cases; 41%) in this series. This was attributed to specific 
factors relating to this site.” Shearing stress on the 
anastomosis is greater in proximity to a joint, and the 
femoral artery at this level is often greatly attenuated by 
disease. 

We feel several points in technique are important to 
minimize anastomotic aneurysms. Anastomoses involving 
prosthetic graft material should be performed using 
braided Dacron suture almost exclusively, except where 
poor quality of the native artery makes the use of a 
monofilament suture (polypropylene) desirable to mini- 
mize suture drag and resultant trauma to the arterial wall. 
Endarterectomy should be avoided whenever possible. 

The anastomosis to the common femoral artery should be 
placed as high up under the inguinal ligament as practic- 
able. The graft limb is cut at an adequate length to avoid 
tension and to ensure minimal shearing force at the 
anastomosis. Sutures should be placed far enough from the 
graft edge to prevent tearing out secondary to fraying of 
woven Dacron, which may occur at the oblique cut edge of 
graft limb. 

We feel strongly that braided suture material is indi- 
cated in anastomoses involving prosthetic material. These 
anastomoses require lasting mechanical strength, since 
tissue growth into the graft material provides insufficient 
mechanical strength to ensure integrity of the anastomo- 
sis. Polyethylene monofilament suture is inadequate 
because of low mechanical strength and resultant suture 
failure. Polypropylene monofilament suture has greater 
mechanical strength than polyethylene, but still may frac- 
ture and then unravel from the anastomosis. Similarly, if a 
suture tears at one site on an anastomotic suture line, the 
entire suture line may slacken or even unwind due to 
slippage of the suture. Braided suture, in contrast, is 
invaded by fibrous tissue* and consequently is locked into 
position on the anastomotic line. Should a suture break or 
tear out, slippage and unravelling will not occur, thus 
ensuring continued anastomotic integrity even in this 
extreme situation. 

If these technical considerations are observed, the 
strength of the native artery and the suture become the 
limiting factors in the frequency of late appearance of 
anastomotic aneurysms. The use of braided Dacron suture 
material in place of the formerly used polyethylene should 
reduce the incidence of this complication to minimal levels. 
Excluding those aneurysms occurring secondary to suture 
failure, the residual incidence of false aneurysms in our 
series was 0.3%. 

Cases of false aneurysm formation on failure of polypro- 
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pylene monofilament suture have already been reported by 
J. D. Rumiscek, MD (personal communication, November 
1978). False aneurysm formation secondary to polypropy- 
lene suture fracture or slippage may net appear for many 
years after the original anastomosis. The widespread and 
inappropriate use of polypropylene suture in recent years 
for anastomosis between a Dacron prosthesis and a native 
artery has created a large pool of patients at risk for late 
false aneurysm formation, and we can reasonably expect 
an increasing number of case reports of this situation in 
the next f2w years. 
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Discussion 


Rocer F Situ, MD, Detroit: I certainly agree with the 
findings of Dr Starr and his colleagues, and I consider it timely to 
stress again the important role of suture material integrity in 
preventing anastomotic false aneurysms, particularly with the 
recent widespread use of the new monofilament polypropylene 
material for graft anastomoses. Since braided Dacron became 


available, oar group has used this type of suture material exclu- 


sively for vascular prosthetic reconstructions. 

A few years ago we reviewed our experience with anastomotic 
aneurysms and found a number of other factors responsible for 
the development of false aneurysms. Of those factors we consid- 
ered to be most important in the pathogenesis, mechanical stress 
accounted “or 12%; technical defects, including suture failure, 
accounted for 15%; noninfective healing complications accounted 
for 8%; anetomical deficiency—the largest group—accounted for 
38%; and hypertension played a major role in 27% of our studied 
patients. F-om this analysis, it became apparent that even with 
the use of an ideal prosthesis and proven suture material, there 
will continve to be an irreducible incidence of this late complica- 
tion following vascular reconstructions. 

One of the often expressed concerns regarding the development 
of anastomotic aneurysms is the role of mechanical stress placed 
upon the common femoral anastomosis in the groin by movements 
of the hip joint after an aortofemoral bypass operation. 

My associate, Dr John Hageman, has recently studied 12 cases of 
aortofemoral reconstruction to determine i? there is any angio- 
graphic evilence of distortion or unusual anatomical encroach- 
ment at the distal anastomosis when the leg is flexed to 90°. 

In one case, we obtained a postoperative translumbar aortogram 
of the patient 12 months after an aortobifemoral bypass operation. 
The limb of the graft and the anastomotic site showed no kinking 
or distortion, as compared with the contralateral side with the leg 
straight. Tais was an objective and reassuring observation to us 
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and lerds support te the premise that the groin is an anatomically 
accepteble site for the distal anastomosis. 

L. Beaty PEMBERTON, MD, Kansas City, Mo: The authors of this 
report may very well be right, but I don't believe they have proved 
their rain point, which is that the braided nonabsorbable suture 
material prevents false aneurysms while monofilament plastic 
suture material causes false aneurysms. 

Most strikir g to me is that in their report, the authors state that 
false ameurysms associated with braided Dacron were all due to 
other fzctors, such as endarterectomy, failure of the arterial wall, 
and chronic hypertension, while the false aneurysms associated 
with the use af monofilament suture were all due to failure of the 
suture material. It sounds to me like the good guys and the bad 
guys. Are yeu really saying that not one of the false aneurysms 
associated with monofilament suture had other factors like endar- 
terectomy. failure of the arterial wall, or chronic hypertension as 
an etiologic basis for the false aneurysm? Is the failure of the 
suture materiel the only reason why the false aneurysms occurred 
with monofilament suture? 

My second point is that there is no information about the 
anastomoses done with each kind of suture material or the dates 
that they wer2 performed. From the figures given, we have no 
way of xnowirg the incidence of false aneurysms in each group. 
The incidence -atio would give us a much better comparison of the 
two groups than the absolute rumbers that are provided. Does 
false aneurysm occur so much more commonly with monofilament 
than with braided Dacron? 

Third. might the apparent high incidence of false aneurysm be 
due to tae technical differences in using the two kinds of suture 
materia? Braided Dacron is pulled up tight after each stitch and 
should be carefully held by am assistant, while monofilament 
suture sips and does not require such careful holding after each 
stitch. 

In adcition, oraided Dacron has good knot security with a few 
throws, while tae monofilament suture has poor knot security with 
many throws and tends to slip, even when it is tied carefully. 
These technica. differences in using the two suture materials have 
not even been considered as an explanation for the high incidence 
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of false aneurysms. 

My final point is that the suture materials themselves may need 
some evaluation in terms of size. Does the same size suture of 
braided Dacron equal the strength of monofilament suture? If the 
tensile strength of the monofilament suture was much less than 
the braided Dacron and you used the same size, then the apparent 
failure of the suture material might simply reflect a difference in 
the tensile strength, rather than any real difference in the suture 
material itself. 

I learned to do vascular surgery with braided Dacron, and my 
bias is in favor of the author's point, but I do not think we can 
discard monofilament vascular suture for prosthetic grafts with- 
out answering some of these other questions. 

DR Morris: In response to Dr Smith, flexion studies are 
important and hard to do. My thought has always been that if the 
anastomosis is performed up near the inguinal ligament, the 
flexion erease will lie below and will not present a problem. 

The eommon femoral artery is the area where statistically we 
can expect to find the highest incidence of false aneurysms. 

Dr Pemberton, all of your questions are valid and well 
presented, and all are answered in the report. We cannot prove at 
this time that Dacron is superior to polypropylene because poly- 
propylene has been available for only a short time. We have seen 
an increasing incidence of false aneurysms associated with the use 
of polypropylene suture material in Houston and in other centers, 
and I predict that, as we have seen with the use of other 
monofilament suture material, the incidence of these aneurysms 
will inerease. That is, surgeons who use polypropylene in the groin 
are putting patients at risk for the duration of their lifetimes. 

I am not a purist, and I do use polypropylene for very difficult 
renal anastomoses or other technically challenging operations; but 
in the groin it is not necessary, and its use will provide patients 
with an unnecessary future risk. 

The incidence of our use of polyethylene was very small—it was 
used only for a period of 18 months in the laze 1950s and early 
1960s. Nevertheless, it was these anastomoses that provided us 
with most of the aneurysms. 
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Race as a Risk Factor in 


Cadaver Kidney Transplantation 


Frank P. Stuart, MD; J. Laurance Hill, MD; Craig R. Reckard, MD; Marguerite Buckingham; Steven Nakamura 


e Recipients of 93 first-cadaver kidney transplants were stud- 
ied for the effect of recipient and donor race on graft and patient 
survival. Both graft and patient survival were lower for black 
recipients than for whites. The difference was not explained by 
racial mismatch between donor and recipient. Black recipients 
had more rejection episodes and more instances of bacterial 
pneumonia. Pretransplant splenectomy reduced the likelihood of 
rejection episodes for black recipients and increased their rate 
of graft survival. 

(Arch Surg 114:416-420, 1979) 


he Renal Transplant Registry, which was maintained 

by the National Institutes of Health and American 
College of Surgeons from 1963 until 1976, made its 13th and 
final report in 1977. Altogether, data have been reported on 
19,631 patients.’ Yet, none of the 13 reports discussed the 
possibility of race as a risk factor in kidney transplanta- 
tion. Several reports looked at the distribution of the 
various eauses of renal failure with respect to race and 
presented the frequency of transplantation by race. The 
Thirteenth Report indicated that black recipients comprise 
11.7% of patients undergoing transplantation and noted 
that malignant hypertension as a cause of renal failure is 
more common among blacks (80% compared with 5%). It is 
also clear from examining the Thirteenth Report that 
graft survival in cadaver kidney recipients whose pretrans- 
plant diagnosis was malignant hypertension was lower at 
two years (80%) than for patients with pyelonephritis 
(47%), glomerulonephritis (45%), or polycystic disease 
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(41%). Since black recipients comprise a large proportion, 
45%, of the recipient group with malignant hypertension 
but only 5%, 8%, and 10% respectively for polycystic 
disease, »yelonephritis, and glomerulonephritis, it can be 
inferred that cadaver kidneys do not survive as well in 
black as in white recipients. 

In 197^, Opelz et al? reported the first attempt to analyze 
the influ»nce of race on transplant outcome. They noted 
that one third of all cadaver transplants performed in 
North America are between recipients and donors of a 
different race. On the basis of nearly 5,000 cadaver trans- 
plants reported from 100 centers, they reported no differ- 
ence for survival of black and white recipients. However, 
graft survival rates were distinctly lower for black recipi- 
ents (42% for whites and 30% for blacks at two years). 
Analysis of graft survival for the various race combina- 
tions of recipient and donor suggested that race was a 
factor net only for the recipient but also for the donor. The 
highest survival rate was found in cadaver transplants 
between white donors and recipients and white donors into 
oriental recipients (49% at one year and 38% at three 
years); survival rates at one year for transplants from 
whites nto blacks (40%), blacks into whites (3796), and 
blacks into blacks (3296) were statistically significantly 
lower. Clga Jonasson, MD, has confirmed the findings of 
Opelz et al* for 500 first-cadaver transplants from seven 
centers in northern Illinois (oral communication, Nov 8, 
1978). 

In cortrast, Vincenti et al? reported on 510 recipients of 
first-cacaver kidneys from a single center in Sar. Francisco 
and foind that race did not affect graft survival. 
Diethelm,’ reporting on nearly 150 first-cadaver trans- 
plants from a single center in Birmingham, Ala. also failed 
to support race as a risk factor. | 

Our experience, based on 93 first-cadaver transplants 
from a single center in Chicago at which numbers of black 


Race as Factor in Transplantation—Stuart et al 


x QUIS pe) a 
~ "i437 Tu EN 


I Salis 
A ig^ ` 





em > OTA TU ae 
bet, 4 4 sy, hgh bi tin ^s 
| 2 d x " b a diu 452^ A <A A$ 


and white recipiemts were roughly equal, indicates that 
both graft ard patient are at higher risk for black recipi- 
ents; increased frequency of rejection episodes and bacte- 
rial pneumonia seem to be the most important factors. 


. METHODS 


Ninety-three reeipients of first-cadaver kidney transplants at 
the University ef Caieago Hospitals from March 1972 through 
June 1978 were evalvated for multiple factors including race, sex, 
age, HLA match, degree of presensitization, transfusion history, 
cause of renal failure, major early septic complications, and 
incidence of rejection episodes. No patients were excluded from 
the survival analyses No effort was made to differentiate among 
the various types o: blood transfusions or whether they were 
received before or at the time of transplantation. The most 
common preparation was triple-washed packed RBCs. All kidneys 
were stored by contiauous pulsatile perfusion preservation using 
either albumin or eryoprecipitated type AB plasma. : 

Immunosuppression therapy consisted of azathioprine (Imu- 
ran), corticostereids, and antilymphocyte globulin. Azathioprine 
therapy, 3 mg/kg of body weight for the first week, was decreased 
to L5 mg/kg by 30 days. Daily intravenous injections of methyl- 
prednisolone, Geereasing roughly from 1,000 mg to 500 mg to 250 
mg, were given for tiree days. Thereafter, a single morning oral 
dose of prednisone was given; this dose was decreased from 1.75 
mg/kg to 0.75 mg/leg after 30 days. Antilymphoblast globulin 
(prepared in rabbits or goats) was injected subcutaneously, 20 
mg/kg daily for sever days. Rejection episodes were treated for at 
least three consecutive days with 1.0 g of methylprednisolone and 
150 rads of irradiatian to the graft. 

Graft loss was datel as the time the patient returned to chronic 
dialysis or died Percent graft and patient survival were calculated 
on the basis of actual survival. The x? test was used to evaluate 
statistical significance of 2 x 2 frequency distributions. 


RESULTS 


Ninety-three reGpients of cadaver kidney transplants 
were observed for six months to six years. 


Effect o* Race on Graft and Recipient Survival 


Of 93 recip:ents, 51 were white and 42 were black. Mean 
age was 83.1 years for blacks and 31.1 years for whites. 
Forty-five pereent of blacks and 59% of whites were 
female; the difference was not significant. Female 
patients fared slightly better in both races, but the differ- 
ences were not significant (P > .05). Degree of HLA match 
was similar (0.8 for black and 1.2 for white). The average 
black spent 1.5 years receiving dialysis treatment, 
compared wizh 1.€ years for whites. The incidence of 
performed leakoey-otoxie antibody was similar for both 
races: < 5% was 61% for blacks and 63% for whites; 5% to 
50% was 27% for blacks and 3396 for whites; > 50% was 12% 
for blacks and 4% for whites. Incidence of preformed 
cytotoxic antibody had no effect within either race or for 
the group as a whele. Transfusion histories were similar 
for both races. Nire percent of blacks and 8% of whites 
received no transfusions. Sixty percent of blacks and 53% 
of whites received one to five transfusions. Thirty-one 
percent of blacks end 39% of whites received more than 
five transfusions. The numbers of pregnancies were simi- 
lar for both races. 

Survival of the recipient was different for blacks and 
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whites through the second year (Fig 1). Survival of white 
recipients at one and two years was 96% and 93%, compared 
with 68% for blacks. Survival of first-cadaver grafts was 
different through the fifth posttransplant year (Fig 2). 
Whereas graft survival for whites stabilized at more than 
50% beyond the third year, black recipients continued to 
lose grafts from rejection throughout the period of follow- 


up. 


Cause of Pretransplant Renal Failure—Socioeconomic 
Status, Drug Abuse, and Compliance 


Malignant hypertension caused the renal failure in 48% 
of blacks and 5% of whites. Yet, within the group of black 
recipients, graft survival at one year was not different for 
malignant hypertensive patients (40%) and nonhyperten- 
sive patients (82%). Socioeconomic status did not correlate 
with graft or patient survival in either race. Alcohol or 
narcotics abuse prevented acceptance into the transplant 
program and was not a serious problem for recipients of 
either race. Compliance with posttransplant medical 
management was good among all recipients. 


Azathioprine Tolerance 


Intolerance was defined as persistent leukopenia (WBC 
count below 3,500/cu mm of peripheral blood) for which 
azathioprine therapy was discontinued for at least three 
days. Three percent of black recipients and 5% of whites 
were intolerant by this definition. 


Incidence of Rejection Episodes and 
Bacterial Pneumonia 


White recipients were significantly more free from 
rejection episodes and pneumonia than blacks. Eighty- 
three percent of whites had no more than one rejection 
episode, in (P < .05) contrast to 47% for blacks (overall 
percentage of patients having no more than one rejection 
episode was 68%). Bacterial pneumonia occurred in only 
16% of whites but in 38% of blacks (P < .005). The sequence 
of pneumonia-decreased immunosuppression-rejection epi- 
sode occurred slightly less often than the sequence of 
rejection episode-increased immunosuppression-pneumo- 
nia. 

Effect on Graft Survival of Matching 
Donor and Recipient by Race 


In one third of the transplants, the donor and recipient 
were from different races. The groups were too small to 
detect differences, but graft survival appeared to be lowest 
for black donors into black recipients, where only two of 11 
kidneys (18%) functioned for at least a year. 


Effect of Pretransplant Nephrectomy on Graft Survival 


Bilateral pretransplant nephrectomy was performed in 
35% of black recipients and in 29% of white recipients; it 
did not affect graft or recipient survival within either race. 
Indications for pretransplant nephrectomy were polycystic 
disease, chronically infected urine, and poorly controlled 
hypertension. It may be that failure to perform nephrecto- 
my for those indications would have resulted in lower rates 
of graft and recipient survival. 
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cadaver grafts in black recipients (P — .05). 
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Fig 5.—Effect of pretransplant splenectomy on survival of first- 


a is oso im DUNS: o 
Se? IPM, vic £23 < me ww å zu "d. Té T Rte as 


YEARS —> 


Fig 2.—E-fect of recipient's race on survival of first-cadaver 
kidney transplant in 93 patients. 
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Fig 4.—E-ect of pretransplant splenectomy on survival of first- 
cadaver kidney grafts (P > .05). 


SPLENECT 


NON- SPLENECT 
n=37 


PERCENT 


l. 
YEARS — 





Fig 6.—E fect of pretransplant splenectomy on survival of first- 
cadaver grafts in white recipients (P > .05). 
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Effect of S9lenectomy on Rejection Episodes 


No More Than One Rejection Episode 













Group Splenectomy No Splenectomy 
-All recipients 20/23 (8796)* 35/58 (6096) 
White 11/12 (9296) 28/35 (80%)7 
Black 9/11 (82%)t 7/23 (3096)t 
*P < 995. 
TP < .905. 
iP — .M. 


Effect of Splenecomy on the Incidence of Rejection 
Ea2isodes and Survival of Graft and Recipient 


Pretransplant splenectomy reduced the likelihood of a 
rejection episode for the group as a whole. Eighty-seven 
percent. of patients with splenectomy had no more than one 
rejection episode, compared with 60% of those without 
splenectomy (P < 225, Table). The effect was dramatic for 
black recipients; s»lenectomy increased the likelihood of 
having no more than one rejection episode from 30% to 
82%. Splenectomy nad no effect on recipient survival for 
either race (Fig 3). However, splenectomy increased graft 
surviva for the greup as a whole at one year from 45% to 
70% (Fiz 4). “he efect was more pronounced among black 
recipierts for whom graft survival increased from 24% to 
62% (P < .025) at me year and from 18% to 55% (P — .05) 
at two vears (Fig 5». Among white recipients, benefit from 
spleneccomy on graft survival was suggested but not 
statistieally signifi-ant (Fig 6). 


COMMENT 


We observed tha: both graft and recipient survival were 
lower fer black reGpients of first-cadaver grafts than for 
white recipients. The two groups were matched with 
respect to age, sex, HLA match, degree of presensitization, 
transfusion history, duration on dialysis, immunosuppres- 
sion, and preope-ative splenectomy or nephrectomy. 
Donor-recipient msmatches with respect to race did not 
account for the effect. Seventy-one percent of blacks 
received white kidneys, but 41% of those kidneys survived 
for one year, compared with 18% for black donors and 
recipierts. Malignant hypertension, a known high-risk 
factor for transplaat recipients, was distributed unequally 
between the races, but the blacks with that pretransplant 
diagnosis fared n» worse than those with other diag- 
noses. 

In the postzransplant course, we found that azathioprine 
toleranee was the same for both races. The major differ- 
ence in the pesttrarsplant course for blacks and whites was 
an increased likelihood of rejection episodes and bacterial 
pneumenia among blacks; pretransplant splenectomy 
almost eliminated those two differences. 

The role o? spleaectomy in kidney transplantation has 
been a contrcversial one. It has been a standard procedure 
at some centers ard is avoided at others. Kauffman et al 
reported a benefical effect on graft survival. Opelz and 
Terasaki* found n» benefit from splenectomy. The Thir- 
teenth Report suggested an effect and noted that prospec- 
tive random studies might be required to prove it. We 
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have observed that splenectomy benefits graft survival 
without increasing the incidence of septic complications.’ 
Aside from the observation that graft survival and recipi- 
ent survival are lower among blacks than whites, we think 
the most important findings of this study are that black 
recipients have more rejection episodes and that pretrans- 
plant splenectomy reverses that situation. It seems consis- 
tent to us that increased numbers of rejection episodes and 
their treatment with corticosteroids would result in 
greater loss of both grafts and recipients. Perhaps the 
increased incidence of rejection episodes among black 
recipients is a function of the recipient’s basic immune 
response and its genetic regulation. Such an explanation 
would fit with the observation that kidneys from white 
donors fare at least as well as kidneys from black donors in 
black recipients. 
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Discussion 


W. PETER GEIS, MD, Maywood, Ill: You have clearly shown that 
the black patients in your population have an increased suscepti- 
bility to rejection and a decrease in graft survival when compared 
with white transplant recipients. Second, you have shown that 
manipulating the immune response by removing the spleen prior 
to transplantation increases the graft survival in these black 
patients, suggesting the possibility that black recipients have a 
more aggressive immune responsiveness and have an increased 
propensity to lose a kidney due to rejection. 

In an effort to further interpret your data, I reviewed our data 
from cadaver recipients in our transplant center in an attempt to 
make a correlation, or lack thereof, with your data. Our review 
included 121 cadaver recipients who underwent transplantation in 
the last five years. In our center, we have two transplant units: one 
is the University Hospital Transplant Unit; the other half of the 
program is a transplant unit at the Veterans Administration 
Hospital some 300 yd from the University. The protocols are the 
same in both hospitals. The physicians taking care of the patients 
and doing the surgery are the same in both hospitals. 

We found that the graft and patient survival in the University 
Hospital was far better than the graft in patient survival in the 
VA hospital. At the University Hospital, the graft survival was 
62%, and patient survival was 92% at one year; in the VA hospital, 
the graft survival was only 35% to 38%, with an 80% patient 
survival, 

By subcategorizing in terms of white vs black recipients, we 
found that in the University Transplant Unit the blacks fared as 
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well as whites in terms of graft survival as well as patient survival. 
However, at the VA Hospital, the blacks experienced a poorer 
graft survival and poorer patient survival than the white recipi- 
ents in the VA Hospital, suggesting there are three categories of 
patients in our experience. The first group is the University 
Hospital patients, who experience the best results. The second 
group is the white veterans, who have intermediate results. The 
third group is the black veterans, who have the worst results. 
Certainly, I would hesitate to conclude that the immune status of 
veterans is more aggressive than that of nonveterans; instead, 
these data suggest that there are socioeconomic factors as well as 
immune factors that determine success or failure of renal allo- 
grafts in these patients. Moreover, we stratified not only for 
splenectomy but also for receiving antithymus globulin, and for 
receiving pretransplant blood transfusions. We observed that 
splenectomy, ATG, or transfusions each independently improved 
graft survival. Furthermore, if a patient had all three; splenecto- 
my, preoperative transfusions, and ATG therapy, the graft survi- 
val was in the range of 85% to 90% for both black and white 
patients, suggesting that we are manipulating the immune 
response by these maneauvers. 

RICHARD L. SIMMONS, MD, Minneapolis: Our data were compiled 
by Nancy Ascher, MD. Almost 95% of our patients are white, but 
we have about 20% poorer results in the black than in the white. 
This holds true for equivalent matches in living related donors and 
cadaver donors. 

Diethelm, who works in Alabama, does not show this kind of 
difference, which is predominantly seen in patients in the North. 
Compliance with the prescribed medical regimen may have noth- 
ing to do with aleoholism or drug addiction but may be a failure of 
the predominantly white transplant staff to communicate to 
people who are of a different race. 
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We alse have analyzed our experience with American Indians, 
and they also have 20% poorer results, both the cadavers and for 
the living related donors. 

If you bok at patients who come to the University of Minnesota 
from around the world they have far better results thar. any group 
at the Uaiversity of Minnesota; this suggests to me that the 
patient wno is wealthy, understands his disease, and who compul- 
sively folbws medical protocols will do better. | 

THOMAS V. BERNE, MD, Los Angeles: I am afraid I will just add 
confusion to this matter. 

At the Los Angeles County —USC Medical Center, which is in the 
center of a large metropolitan area, we have somewhat different 
results. Ia a study of one-year graft survival rate in 196 first- 
cadaver k dney transplants carried out at least a year ago, 28 of 68 
(41%) gra. ts functioned for a year or longer in black recipients. If 
we combiae Hispanic and white recipients, the way they usually 
are combmed in other data, 62 of 120 (52%) grafts fun-tioned for 
more thaa a year. Thus, apparently our figures agree with Dr 
Stuart's, zs whites do somewhat better than blacks, although none 
of these f gures are statistically significant (P > .05). 

But something interesting can be seen if we remove the 
Hispanic »atients from the white group. Their graft survival, 29 to 
48 (60%), s the best at one year, even though they are as socially 
disadvantaged as our black patients. Actually, the eomparison 
between black and Hispanic patients is the closes- to being 
significan- (P = .07). 

These cata suggest that the explanation of racial di Terenees is 
more likely to be due to disease processes or immunological factors 
than sociceconomic factors. 

DR STU..RT: I think that this whole subject needs to attract more 
attention than it has been getting from transplant su-geons. 
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in moderate to severe pain 


Bristol Laboratories is pleased to an- 
nounce a new, extensively studied,” 
nonnarcotic, parenteral agent that 
comes closer to the ideal analgesic— 
combining a high degree of potency 
in the relief of moderate to severe 
pain, with a low potential for unde- 
sirable side effects. 


Important new option when 
potent parenteral analgesics 
are indicated 


B Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine * and 
meperidine.* ? 


E By either I.M. or I.V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


E Distinguished by its favorable side 

effects profile, 5 31337 —low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 


3.5 








Moderate to severe pain, all doses I. V 

wu Butorphanol tartrate 0.5 mg 

uwmumm Butorphanol tartrate 1.0 mg 

umm Butorphanol tartrate 2.0 mg 

uus Morphine sulfate 2.5 mg 

«m Morphine sulfate 5.0 mg 
N 3 
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Pain relief score 


0 1.0 2.0 ECT 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study "... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg.” (DelPizzo') 


Morphine 


and vomiting, and low inc dence of 
CNS effects other than secation. 


E 2 mg. of Stadol produces an order 
of respiratory depression :imilar to 
that caused by 10 mg. of morphine. 
In contrast to morphine, increasing 
Stadol doses yield greater analgesic 
effect,” without appreciab y increas- 
ing liability for respiratory depres- 
sion. '* 


Unsurpassed pain relief 
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= Butorphac>! I ma 70 kg 
utorph« ) 2 D g 
JtOr pnc Á 


3.0 


i 
| 














T 
T | 
0.5 
T " e 
0 1.0 2.0 3.0 4.0 


Hours after administratics 


Average mean pain relief scares 
In response to butorphanol tartrate 
and meperidine hydrochloride 


In moderate to severe pain, kutorphanol 
tartrate provided relief ’... that was not 
statistically distinguishable f-om that 


achieved with 80 mg/70 kg meperidine.” 
(Gilbert et al5) 


Please see last page for a brief summary of prescribing information. 
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E The low addictive potential of 
Stadol** is underscored by its narcot 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effec 


Displacement of PACO» (Torr) 


Placebo 





30 60 150 300 
Log dose (uc./ kg.) 
Log dose PACO, displacement curves 


In this graph based on alveolar carbon 
dioxide tension (PACO.) measurements, 
the flatter the curve, the less respiratory 
depression. “The flat dos2-response curve 
...0f butorphanol may indicate that, 
because of its antagonist c properties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted fram Nagashima et al!5) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 
piratory depression does not increase in a 
dose-related manner with Stadol, within 
the range of recommended doses. 


‘loser to the ideal parenteral analgesic 





Butorphanol 
tartrate 


HO 


Low physicci-dependence liability 


Like 
a lot 


3 





Iritiat days on drug 


Preference scores completed by subjects 
during chronic butcrphanol tartrate 
administration com pared with scores 
from three other groups of subjects re- 
ceiving 30, 120 and 240 mg. of morphine 
daily. (Adapted from Jasinski et al?4) 
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another step closer to the ideal 


The following table shows a side-by-side clinical comparison 
of Stadol with both morphine and meperidine. 


Clinical 
parameters Meperidine Morphine 


— 
moderate to moderate to moderate to 
severe pain severe pain severe pain 

Standard I.M. 75-100 mg. 8-10 mg. 2 mg. 

dose (1 to 4 mg.) 
Standard I.V. 50-100 mg. 410mg. | Img. 

dose (0.5 to 2 mg.) 
Usual route of ILM./I.V. L.M./I.V. I.M./I.V. 
administration 


30 minutes less than 30 

I.M., very minutes I.M., 
rapidly I.V. very rapidly I.V. 
" 


Stadol 





nonnarcotic 






30 minutes 
I.M., very 
rapidly I.V. 


Onset of pain 
relief 


























within 1 hour 
I.M., within 
30 minutes I.V. 


within 1 hour 
I.M., within 
20 minutes I.V. 


within 1 hour 
I.M., within 
30 minutes I.V. 


Peak analgesic 
activity 











Duration of pain | slightly less about 4 hours 3—4 hours 
relief I.M./I.V. than morphine 

Addicting high 
potential 


| 
mu n 


dose-related 
depression 


—— 











limited depres- 
sion—no appre- | 
ciable dose- | 
related increase 
within the range 
of recommended 
doses. 


dose-related 
depression 


Respiratory 
effects 


Data for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 
antagonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
pp. 325—339; and from manufacturer recommendations. 
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INDICATIONS AND USAGE — 

Stadol is recommended for the relief of moderate tc severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 
been shown to be hypersensitive to it. 

WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering $tadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closely supervised. It is important to avoid in- 
creases in dose and frequency of injections the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain. 

Head injury and increased intracranial pressure: Although there is no clinical ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fuid pressure. Therefore the use of Stadol in cases of 
injury can produce effects (e.g., miosis) which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is Pede essential. 
Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe intec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 
Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with ^ impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the usual clinical dose, pos- 
sibly the result of decreased metabolism of the drug he the liver. 
Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 
Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnont patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 


lished. 
ADVERSE REACTIONS —The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 
n2: roy dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness 
1%). 
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Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS effects: nervousness, unusual Foc agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Ah diplopia or blurred vision 
o ERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 

Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 

uids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION — Adults: Intramuscular —The usual recom- 
mended single dose is 2 mg. This may be repeated eyery three to four hours, as neces- 
sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to four hours as necessary. The effective dosage range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three to four hours. 

hildren: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stadol (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-ml. vial; 1 mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose vial. 
NDC 0015-5644 —2 mg. per ml., 2-ml. vials 
NDC 0015-5645—1 mg. per ml., 1-ml. vials 
NDC 0015-5646—2 mg. per ml., 1-ml. vials 
NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule. 
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The Hartmann Procedure for 
Complications of Diverticulitis 
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_ * A Harimena precedure was performed on 25 patients with 
complications ef acute diverticulitis. Of the 20 patients in whom 
both stages were completed, 14 had a smooth course. Total 
hospitalization for both stages averaged 23 days. Mortality was 
8%. The initial resection usually is not difficult. Subsequent 
reanastomosis is facilitated by an interval of at least three 
months between stages. The advantages of the Hartmann proce- 
dure are as follows (1) The diseased bowel is removed at the 
first stage. (2) The risk of primary anastomosis is avoided. (3) 
Hospitalization and overall time of treatment are reduced. (4) 
Mortality is relativey low. The Hartmann procedure should be 
considered for a brcader selection of patients with complications 
of acute diverticulits. 
(Arch Surg 114:425-429, 1979) 


[Mhe management of patients with complications of 
acute diverticulitis is a matter of continued debate 
and controversy, and the selection of the most appropriate 
procecure taxes the judgment of the individual surgeon. 
For many vears the three-stage method was advocated, 
which consisted cf transverse colostomy with or without 
local drainage at the first stage, sigmoid resection and 
anastemesis at the second stage, and takedown of the 
transverse 2clostomy at the third stage. Although this 
approach would seem to be safe and conservative, experi- 
ence showec zn unexpectedly high morbidity and mortality 
and the duratioa of treatment was quite lengthy.» 
Because of dissa-isfaetion with the classical three-stage 
approach, a variety of two-stage methods, as well as a 
single-stage method,° have been proposed for the manage- 
ment of the pafient with acute diverticulitis and free 
perforation pericolic abscess, large inflammatory mass, or 
various fistulas. 

The Barzmanr procedure is a two-stage method of 
management tha- has a number of advantages. In 1923, the 
French surgeon denri Hartmann (1860-1952) described a 
type ef sigmoid -esection that now bears his name. This 
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operation consisted of sigmoid resection, a proximal 
sigmoid colostomy, and oversewing of the distal rectosig- 
moid at the level of the pelvie peritoneal reflection. This 
operation was proposed for the treatment of cancer of the 
rectosigmoid and in 1931, Hartmann’ reported 34 cases, 
with an 8% mortality. Rankin and others described an 
extended Hartmann procedure in which the rectum was 
completely mobilized from the sacral hollow and the distal 
end was closed deep in the pelvis.** 

In 1950, and later in 1960, Boyden and Neilson** de- 
scribed a modification of the Hartmann procedure for 
patients with perforated diverticulitis and generalized 
peritonitis. They closed the rectosigmoid stump a short 
distance above the level of the pelvic peritoneal reflection. 
This modified Hartmann procedure has gradually gained 
in popularity, primarily because the diseased sigmoid is 
removed at the first stage, the duration of treatment is 
shortened, and the mortality is reduced. It is also a valuable 
technique for treatment of penetrating trauma of the 
sigmoid colon and is still used as a palliative procedure for 
patients with sigmoid carcinoma.’ Nevertheless, the Hart- 
mann procedure is rarely described in surgical textbooks 
and is the subject of only two reports in the recent surgical 
literature.'^" Reluctance to use the procedure is apparent- 
ly based on concerns over various technical difficulties with 
the initial resection and the subsequent reanastomosis. On 
the basis of our experience, we believe that these concerns 
are not justified and also that the Hartmann procedure is 
an excellent method for managing selected patients with 
complications of acute diverticulitis. 


SUBJECTS AND METHODS 


From 1971 to mid-1978, we have used the Hartmann procedure 
in 25 patients with complicated acute diverticulitis. There were 
nine men and 16 women. The ages of these patients ranged from 
46 to 85 years, with an average age of 65 years. 

Of the 25 patients, eight had a history of one or more previous 
attacks of diverticulitis that required hospitalization. Twenty 
patients had localized abdominal tenderness, usually in the left 
lower quadrant, and 11 had a palpable abdominal mass. Four 
patients had signs of generalized peritonitis with pneumoperiton- 
eum. Four patients had severe urinary tract symptoms or pneuma- 
turia, and a colovesical fistula was demonstrated preoperatively in 
each case. Another patient was referred to us with a chronic 
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colocutaneous fistula from a pelvie abscess. Five patients had 
roentgenographic evidence of small-bowel and/or large-bowel 
obstruetion, and two had left ureteral obstruction shown by an 
intravenous pyelogram. 

The preoperative diagnosis was correct in 19 of the 25 patients. 
The diagnosis in the other six patients was acute appendicitis in 
two, and perforated duodenal ulcer, regional enteritis with a 
small-bowel fistula, mesenteric infarction, and an ovarian cyst in 
one each. 

The commonest finding at the time of operation was a pericolic 
or pelvic abscess that was entered during preliminary exploration 
of the left lower quadrant, as occurred in nine patients. Eight 
patients had a large inflammatory mass with localized peritonitis, 
and two of these had a colovesical fistula. Two other patients had 
intense pelvic peritonitis with a smaller inflammatory mass, 
including one patient with a colovesical fistula. Five patients had 
free perforation with generalized purulent peritonitis, and one 
patient had extensive fecal peritonitis. 

The decision to use the Hartmann procedure is based on 
operative findings. A lower midline incision is used, and the small 
bowel is separated from the sigmoid colon. If a pericolie or pelvic 
abscess was present, it was usually entered and evacuated during 
this initial dissection. In four patients, a small-bowel fistula was 
found and a short segment of small bowel was resected. In the four 
patients with a colovesical fistula, the bladder defect was repaired 
with absorbable sutures. The sigmoid colon is mobilized and the 
left ureter identified. The thickened mesocolon is divided a short 
distance from the bowel, which allows the inflamed sigmoid colon 
to be elevated out of the pelvis. Typically, there is a short segment 
of essentially normal rectosigmoid between the involved sigmoid 
colon and the pelvic floor. The diseased segment is then resected 
and the distal reetosigmoid carefully closed in two layers (or 
brought out through the lower end of the incision to be used as a 
mucous fistula if long enough). The proximal sigmoid colon is 
matured as a skin-level colostomy in the left midabdomen. The 
distinct abscess cavities of 12 patients were drained. 

The average interval between the first and second stages in this 
series was 3.5 months. At the second stage, the lower midline 
incision is reopened. The closed distal stump is usually identified 
without diffieulty, although occasionally a rectal tube has been 
used to aid in location of the stump. The stump is mobilized by 
sharp dissection, and if the stump is particularly short, the rectum 
is mobilized from the sacral hollow. The stump is opened and eut 
back to a point where the bowel is soft and pliable and the 
diameter of the bowel is normal. The colostomy is then taken down 
and excised and a two-layer anastomosis is performed between the 
proximal sigmoid or descending colon and the distal stump. 
Mobilization of the splenic flexure is mandatory to prevent tension 
at the anastomosis. The anastomosis is not drained. It is helpful to 
dilate the anal sphincter while the patient is under anesthesia. 


RESULTS 


There were 21 complications in 15 patients after the first 
stage. They were as follows: 


No. of 
Patients (9c) 

Wound infection 6 (24) 
Small-bowel obstruction 3 (12) 
Abdominal abscess 2 (8) 
Colostomy problem 2 (8) 
Renal failure 2 (8) 
Cardiac problem 2 (8) 
Other 4 (16) 


Wound infection was the commonest complication, and this 
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may be due to the fact that in most cases the skin was 
loosely c:osed with a few interrupted sutures rather than 
leaving the skin and subcutaneous tissue open. T wo of the 
small-bowel obstruetions required reoperation, and both 
colostomy problems required revision. A fistula developed 
from the rectal stump in one patient that eventually 
healed. 

Twenty patients underwent the second stage, and six 
complica-ions occurred in five patients. A pelvic abscess 
developed in three patients and all eventually healed and 
recovered. Anastomotic leaks in three patients were each 
managec with a transverse colostomy. In two of these 
patients, reanastomosis was accomplished and the third 
patient refused to undergo further surgery. 

In 20 o£ the 25 patients, both stages were completed and 
they made a full recovery. Of these 20 patients, 14 had a 
remarkably smooth recovery from both operatiors with no 
complications (seven patients), or only one complication 
(wound iafection in five, thrombophlebitis in one, and an 
arrhythmia in one, all after the first stage). The average 
duration of hospitalization for all patients after the first 
stage was 14 days and after the second stage was nine 
days. The follow-up period in this series of patients 
averaged 13 months from the date of the last operation. 
Three patients are left with colostomies: one beeause of 
advanced age (85 years) and debility, and two because of 
various postoperative complications. 

There were two deaths, for a mortality of 8%. The first 
death was in an 84-year-old man who was seen efter four 
days in the hospital with a diagnosis of mesenteric infarc- 
tion. Abdominal exploration was done and acute diverticu- 
litis with purulent peritonitis was found. After a Hart- 
mann precedure was performed, congestive heart failure 
and respiratory insufficiency developed and he died on the 
seventh »ostoperative day. The second death was in a 
77-year-o.d woman who had been ill three weeks and was 
azotemie prior to surgery. A Hartmann procedure was 
performed for perforated diverticulitis with fecal peritoni- 
tis. Progressive renal failure developed and she died on the 
third postoperative day of an acute myocardial infarc- 
tion. 


COMMENT 


There has been a definite trend away from the routine 
use of the three-stage method for the treatment of perfo- 
rated diverticulitis. Not infrequently the inflammatory 
process feils to subside after the first stage (or does so only 
after mary months) or a chronic colocutaneous fistula may 
develop.'* The total hospital stay for the three stages may 
be as long as 76 days.*'** The mortality for all stages 
combined has been as high as 44%***- and in recent series 
has ranged from 6% to 2256.*-:*:5 The additional operative 
procedures add to the morbidity and mortality and for the 
working patient, the economic loss over the full course of 
treatmen: is great.’ 

We believe that the explanation for the poor results after 
the classieal first stage is the failure to remove the source 
of infectien—the diseased sigmoid colon. The fecal material 
between «he transverse colostomy and the sigmoid perfo- 
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ration may cortinue to drain into the left lower quadrant. 
An additional disadvantage of the classical first stage is 
the risk of leaving a perforated or obstructing sigmoid 
carcinoma in place until the second stage. The two-stage 
method that uses the classical first stage and combines the 
second and third stages has the same disadvantages, as it 
fails to remove the diseased bowel at the first stage. 

Madden’ has proposed primary resection and anastomo- 
sis in a single stage for perforated diverticulitis. In his 
hands, mortality has been 6% and in a review of similar 
patients, it was 9.4%.’ The incidence of complications was 
50% and in particular the incidence of fecal fistula was 25%. 
The mortality in patients with an anastomotic leak after a 
single-stage resection and anastomosis is as high as 
80%." 

There is mach good clinical as well as experimental 
evidenee to indicate that an anastomosis done in a septic 
field has a much greater risk of anastomotic leakage.'*'* 
This surgica. principle has made most surgeons wary of 
single-stage resection and anastomosis for acute diverticu- 
litis with peritonitis, a large abscess, or intense inflamma- 
tion. However. the single-stage method is very satisfactory 
for the patiart with less critical complications of acute 
diverticulitis, eg, a small abscess between the leaves of the 
sigmoid mesoeolon, or the colovesical fistula without an 
abscess. 

The outstending advantage of the Hartmann procedure 
is that the diseased segment of bowel is removed at the 
first stage, thus eliminating the source of sepsis and 
allowing for prompt healing. Obviously, the risk of anasto- 
motie leak after the first stage is eliminated and the 
anastomesis ean be done at the second stage under 
improved eireamstances when all infection has resolved. 
The number of stages is, of course, reduced from three to 
two, but more than that, the total length of treatment is 
shortened because of the usually rapid recovery after the 
first stage. 

The Hartmann procedure has not been widely adopted, 
and the reasons for this apparently are related to concern 
over technieal difficulties. The initial resection of the 
sigmoid eolon usually is not difficult. The sigmoid colon can 
most often b» separated from the bladder, uterus, and 
adnexal structures, although occasionally the uterus or the 
left tube and ovary have been excised with the sigmoid 
colon. The edema accompanying the acute inflammation 
actually makes the dissection planes fairly easy to follow." 
We believe that mobilization and resection of the sigmoid 
is easier in the acute stage than four to eight weeks later 
when the colon and small bowel are bound down in dense 
fibrous adhesions. The complication rate after the Hart- 
mann procedare is similar to that reported for both 
single-stage and three-stage procedures, namely, 50% to 
6066.5. 1021 

Closure 

Goligher,?" among others, has expressed concern over 
possible leakage from the closed rectal stump, with subse- 
quent pelvie abscess and fistula formation. This did occur 
in one patient in this series, but it certainly has not been a 
common problem. Secure closure of the stump must be 
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obtained, with nonabsorbable sutures placed in normal 
bowel wall that has been cleared of surrounding fat. Dila- 
tion of the anal sphineter while the patient is under 
anesthesia should allow easy evacuation of the distal 
segment and should reduce the risk of stump leakage. The 
use of a distal mucous fistula would, of course, prevent this 
complication. We have occasionally been able to construct a 
mucous fistula in the patient with complicated sigmoid 
divertieulitis (although these patients are not included in 
this series), but usually there is insufficient length of bowel 
distal to the inflammatory mass to permit the use of a 
mucous fistula. If the rectum is completely mobilized, there 
may be sufficient length for a mucous fistula, but theoret- 
ically this would increase the chance of a pelvic abscess and 
would increase the technical difficulties at the second 
stage. 

Perhaps the most frequently expressed objection to the 
Hartmann procedure is the difficulty of reanastomosis. 
The technical steps of importance have been outlined 
already. The dissection is facilitated by an adequate time 
interval between stages. We believe that a two-month 
interval is the minimum, and a three-month interval is 
preferable. We have not found any great difficulty in 
locating, mobilizing, or opening the rectal stump. Any 
difficulties encountered with the anastomosis are the same 
as those found with the second stage of the classical 
method or with the single-stage procedure. So, in short, we 
do not believe that these concerns about excessive technical 
problems are warranted. 

The relatively high incidence of complications concerns 
us. Wound infection was a common problem, and we have 
recently moved away from loose, interrupted skin closure 
to delayed primary closure for the grossly contaminated 
wound. 

There are only two reports in the English literature in 
recent years devoted to the use of the Hartmann procedure 
for treatment of acute diverticulitis. Labow and co- 
workers” described 15 patients who were treated with use 
of Hartmann procedures for acute diverticulitis with pelvic 
abscess and marked inflammation of the distal sigmoid or 
with fecal peritonitis. Complications occurred in ten of the 
15 patients, most commonly wound infection, and there 
were no deaths. Laimon" described 36 patients treated 
with use of Hartmann procedures for acute diverticulitis, 
including 15 operated on for fecal peritonitis. One patient 
died and four patients were left with colostomies. Nahr- 
wold and DeMuth”' described ten patients with perforated 
diverticulitis managed with the Hartmann procedure, 
although the authors did not use the Hartmann eponym. 
There are a number of other reports on the management of 
acute diverticulitis that included small numbers of patients 
with Hartmann procedures performed for various compli- 
cations, but it is difficult to determine the morbidity and 
mortality specifically for the Hartmann proce- 
dure.2:4:!4:17-20-22.28 

The consensus in the surgical literature favors use of the 
Hartmann procedure for only the most critical complica- 
tions of diverticulitis, eg, perforation with generalized 
peritonitis. However, we have been so impressed with the 
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success of the Hartmann procedure that we have broad- 
ened its applieation to include the patient with a large 
inflammatory mass, a contained abscess, or a fistula with 


marked inflammation, as well as patients with free perfo- 


ration and fecal or purulent peritonitis. 

We base this broader application on the following advan- 
tages: (1) The diseased bowel is removed at the first stage. 
(2) The risk of primary anastomosis is avoided. (3) The 
length of hospitalization and the duration of treatment are 
shortened. (4) The mortality is relatively low. 
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Discussion 


CARL P. ScuHuickeE, MD, Spokane, Wash: Dr Nunes and his 
associates have performed a commendable service in reemphasiz- 
ing the value of the Hartmann operation. It has always surprised 
me that this procedure has not been more popular than it is 
because the benefits of removing the diseased bowel, whether its 
disease stems from complications of diverticulitis or from ulcera- 
tive colitis outside of the abdomen, over those of simple diversion 
as the primary procedure, have long been recognized. Because of a 
short sigmoid loop or a greatly thickened mesentery, simple 
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exteriorization may be impossible and certainly is a lot messier 
than the neat stoma attained with the Hartmann operation. 

At the recent Clinical Congress of the American College of 
Surgeons, Eisenberg and Gans reported on 53 patients with 
abscess, perforation, or fistula, and pointed out that diversion and 
drainage was not curative. They advocated primary resection, 
which they carried out in 41 patients with only one death, using 
the Hartmann procedure in the majority of these cases. 

Claude Welch, in commenting on the paper, regarded primary 
resection without anastomosis as a great advance, wita a shorter 
hospital stay and lower mortality than the traditionel multiple- 
stage procedure. Yet interestingly enough, one still finds surgeons 
such as Taylor and Moore of Edinburgh placing the main emphasis 
on differentiating between fecal and purulent peritonitis. They 
advocate peritoneal toilet, transverse colostomy, and d-ainage for 
the former and peritoneal toilet and drainage alone for the latter, 
adding colostomy only in the presence of obstruction. 

The mortality that they reported of 35% and 12%, respectively, 
hardly seemed to constitute a resounding endorsement of this 
premise. Hartmann himself only had three deaths in ais first 34 
patients, but of course he was operating on patients with carcino- 
ma. 

Dr Nunes' report of an average hospital stay of 14 days after the 
first procedure and nine after the second procedure is commend- 
able in this day of preoccupation with cost containment, and a 
mortality of 8% in this group of elderly, critically ill »atients is 
certainly creditable. The only detraction in this survey would seem 
to be that three of his patients could actually be classified in the 
multiple-stage group since, if I understood Dr Nunes correctly, 
anastomotic leaks after the second stage necessitated performing 
an unplanned colostomy. 

I had oceasion to review patients operated on for diverticulitis in 
the 1950s, and there were no Hartmann operations performed at 
that time. In a subsequent ten-year period, 188 patients were 
operated on for sigmoid diverticulitis, and in this group :here were 
four Hartmann operations performed with one postoperative 
death. In 135 patients, one-stage resection and anastomosis were 
performed with a mortality of 3%. There was only one death 
among 70 patients operated on during a quiescent stage of their 
disease. The average age of the 11 patients who died after all types 
of operation was 70 years. Nine patients who died wer2 operated 
on for devastating complications of their disease. 
= These figures would simply indicate the desirability, when 
possible, of operating on patients with divertieulitis when the 
process is quiescent, although there still are people wh» question 
the justification for operating on these patients in the absence of 
severe complications. I would like to commend Dr Nunes for 
reminding us of this method of dealing with a difficult and 
controversial surgical problem. 

ALLEN M. BoyDen, MD, Portland, Ore: One long-term interest of 
mine has been the problems posed by the complications of colonie 
diverticulitis. In 1961, our report that completed a 31-year review 
of surgery for diverticulitis pointed out the efficacy of the 
two-stage operation, both the Hartmann procedure and the modi- 
fied Mikuliez or Rankin operation, when anatomically pcssible, for 
the severe complieations of the disease. 

To begin with, it is strange that it has taken so long t» convince 
surgeons that resection for diverticulitis at a free interval is 
important. Many internists hesitate to refer patients who suffer 
from repeated attacks, not realizing that such indivicuals have 
approximately a 50% chance of recurrence and eventually life- 
threatening complications. Resection and anastomosis, if carried 
out after subsidence of an attack, can usually be done sa“ely in one 
stage. Dr Nunes discussed the surgical approach for the severe 
complications of diverticulitis that require early operztion. The 
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various preblems with which we are confronted when caring for 
these petients require a variety of answers. 

I am appalled at the suggestion, made even by well-known 
surgeons, that resection and primary anastomosis should be 
performed in the face of general peritonitis from perforated 
diverticalitis. This denies the surgical principles I believe in and, I 
am sure, will ead to many disasters. On the other hand, as Dr 
Nunes bas pointed out, the time-worn three-stage operation with 
preliminary colostomy carries an unacceptable mortality under 
these circumstances. 

The two-stage operation is ideal for cases of free perforation 
and fecal contamination. Many pericolic and mesenteric abcesses, 
certain vesicosigmoidal fistulas, and fistulas involving the vagina 
or small bowel lend themselves to this approach. When confronted 
with a fecal-laden bowel or with partial colonic obstruction, the 
surgeon should consider this alternative. 

For complete obstruction, however, I believe that preliminary 
 eolostomy is mandatory. I would ask the authors to comment on 
this. When intraperitoneal or retroperitoneal abscesses are 
drained. diver-ing colostomy should surely be added and resection 
postponed. 

RAYwowp C. Reap, MD, Little Rock, Ark: I can support the thesis 
presented by Jr Nunes with data collected by Dr Robert Casali, 
my colleague, and one of our residents, Dr Joe Howe, with regard 
to the use of the Hartmann procedure in Little Rock for perfora- 
tion of -he colon in sigmoid diverticulitis. 

Over a ten-year period, we found that 21 patients were treated 
with the classical three-stage procedure. Seventeen others were 
treated with use of the Hartmann procedure. In two cases primary 
resection with anastomosis was performed, and in one, colostomy 
was performed. 

The mortality was similar in these cases, but the morbidity was 
distinct._y less when the Hartmann procedure was used than when 
the three-stage procedure was used. The number of days spent in 
the hospital and the number of patients requiring additional 
surgical procedures were much greater in the classical three-stage 
operatiens than in the Hartmann procedure. Our conclusion is that 
for perforated sigmoid diverticulitis, the Hartman procedure is of 
great value. 

L. Beaty PEMBERTON, MD, Kansas City, Mo: I agree that the 
Hartmznn procedure works well in dealing with the complications 
of divertieulitis. In addition, this procedure is adaptable to other 
common problems, such as trauma, left colon carcinoma in an 
unprepared bowel, and emergency procedures for inflammatory 
bowel disease. Our experience in using the Hartmann procedure as 
a solution to-many of these difficult problems in the colon supports 
the author's conclusions that it has low mortality and low morbid- 
ity. 

I would like to expand the discussion by considering only one 
aspect of the Hartmann procedure, namely, the closure of the 
rectosigmoid stump. One of the important advantages of the 
Hartmann procedure is that it avoids the mucous fistula and a 
colon anastomosis after a colon resection is performed; however, 
the stump of the rectosigmoid, as the authors have pointed out, 
must be closed. 

Altheugh I am aware that many surgeons will not agree with it, 
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I would like to present a simple and secure method for closing this 
stump. I am simply offering an alternative method that is 
different from the standard suture techniques to expand the 
discussion. 

I have used a modification of the gastrointestinal anastomosis 
(GIA) stapling instrument to provide a simple, quick, and water- 
tight closure of the rectosigmoid stump. The GIA instrument 
usually delivers four staggered rows of eight staples each and a 
knife blade cuts the tissue between rows 2 and 3, leaving two rows 
of noncrushing stainless steel staples on each side. By using a 
modified pusher bar without a knife blade or black cartridge, the 
GIA instrument simply fires all four rows of staples without 
cutting any tissue. All surgeons will recognize the principle 
involved here: “If two rows are good, gentlemen, four rows are 
twice as good.” 


To use this modified GIA instrument for rectosigmoid stump - 


closure, the colon is dissected free of fat and mesentery for about 1 
em. After placing the GIA across the rectosigmoid, four staggered 
rows of staples with an overall width of 8 mm and length of 52 mm 
are fired across the colon lumen by advancing the black pusher 
bar. 

The rectosigmoid is then transected with a scalpel, using the 
proximal part of the GIA instrument as a cutting guide. Since the 
staples are noncrushing, no ischemic necrosis occurs. Any bleeding 
from the cut edge of the rectosigmoid is easily controlled with 
electrocautery. The cut end of the stump is dropped back in the 
abdomen without any inverting sutures or covering. 

This modified stapling technique without any inverting sutures 
has been used for six Hartmann procedures. No perforations or 
abscesses have occurred. Using four rows of staples is a simple, 
alternative method for obtaining a secure closure of the rectosig- 
moid stump in performing the Hartmann procedure. 

CLIFFORD D. Benson, MD, Grosse Point, Mich: I believe this type 
of procedure is very applicable in the other extreme of life, the 
newborn period. It has been well established by Lloyd and 
Touloukian that the so-called spontaneous perforation of the GI 
tract is due to anoxic or ischemic changes in the bowel wall instead 
of to congenital absence of the muscular coat. Resection and 
primary anastomosis has been associated with very high mortality 
in the newborn child with peritonitis and we have used the 
Hartmann procedure in the sigmoid perforations along with 
appropriate antibiotics with excellent results, we delay doing the 
primary anastomosis, as the authors have suggested, and when the 
infant is about 3 months old we then do the end-to-end anastomo- 
sis very satisfactorily. 

Dr AHLQuIsT, Dr Boyden, as you all know, has written on this 
subject since 1960, and I know from my own experience that Dr 
Schlicke has been a proponent of this procedure. Dr Boyden asked 
about obstruction, and did not believe that this was an indication 
for the Hartmann procedure. We had roentgenographic evidence 
of obstruction in five of our cases, but it was not because of the 
obstruction that we performed the Hartmann procedure. The 
other complications of the diverticulitis were the true indications. 
In answer to Dr Pemberton, I have no personal experience with 
the GIA stapler. Having been trained in the Halsted tradition, I 
still believe in suture material. 
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e The results of 662 therapeutic and diagnostic colonoscopic 
examinations were reviewed to assess the morbidity, clinical 
benefit, diagnostic accuracy, and indications for the procedure, 
with special emphasis on detection and endoscopic excision of 
small, occult, invasive cancers. Overall, the frequency of detect- 
ing occult lesions (1996), the (8996) ability to clarify questionable 
radiographic findings, and a substantial reduction in laparotomy- 
colotomy procedures required for removal of colonic polyps 
(88%), coupled with a low morbidity (3%) and low false-negative 
examination rate (1%) established colonoscopy as one of the 
most important advances in the management of colon disease in 
recent years. Although early experience suggests that small, 
occult, invasive carcinomas, when properly selected, could be 
adequately treated by endoscopic excision, larger series and 
longer follow-up periods are necessary to validate any conclu- 
sions regarding the decision to manage these lesions conserva- 
tively. 

(Arch Surg 114:430-435, 1979) 


RE of the colon with a flexible fiberoptic 
colonoscope has added a new, extremely valuable 
dimension to the diagnosis and treatment of many colonic 
disorders. Colonoscopy, with its ability to visualize directly 
the entire colonic interior, has challenged the traditional 
radiographic diagnostic techniques."' Furthermore, its 
therapeutic capability has virtually replaced the time- 
honored approach of removing polypoid lesions of the 
proximal colon operatively."'" Colonoscopy has rapidly 
evolved as a revolutionary diagnostic and therapeutic 
modality. Flexible fiberoptic colonoscopy was introduced in 
this country in 1971 by Wolff and Shinya," who, along 
with other investigators have more clearly identified 
appropriate clinical applications'^* and defined the overall 
safety of the procedure.’ Assessment of the impact 
colonoscopy has on the diagnosis and treatment of colonic 
disorders requires periodic critical review of the beneficial 
clinical yield and indications for performing these proce- 
dures. These experiences allow further refinement of more 
meaningful criteria for the appropriate and judicious use 
of endoscopy. 


METHOD 


A total of 662 patients referred for diagnostic or therapeutic 
colonoscopy between February 1973 and December 1977 form the 
basis of this report. A two-day mechanical colon-cleansing 
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preceedee all examinations, which were accomplished prior to 
hospital registration in most cases (Table 1). Premedications 
included atropine sulfate (0.6 mg), diazepam (10 to 20 mg), and 
meperidize hydrochloride (50 to 75 mg) given as intramuscular 
injections one hour prior to the procedure. Satisfactory systemic 
analgesia during the procedure could be almost routinely achieved 
with singie, intravenous injections of 5 to 10 mg of diazepam. The 
Olympus SF-MB2 (110 em), TCF-2L (160 em) or CF-L32 (186 em) 
colonoscope was used in conjunction with the CLX light source. 
Although fluoroscopy was not required routinely, all examinations 
were performed in the radiology department with fluoroscopie and 
television monitoring equipment available. The patient lying in 
the left lateral position allowed adequate fiuoroscopic views when 
needed fer both scope position and sigmoid splinting without 
requiring a change of the patient's position. The average proce- 
dure time was 20 + 10 minutes. 

Routine oral alimentation was resumed one to two hours 
following the procedure unless an intraendoscopic complication 
occurred or a lesion that appeared to be malignant dictated 
continuing clear liquids or nothing by mouth. Outpatients were 
released to family care following a short period of convalesence. In 
most cases, inpatients were discharged the following Cay. 


RESULTS 


Colonoscopic examinations were performed on 662 
patients between February 1973 and December 1977. 
Endoscopic visualization of the area of colon pathologic 
features was possible in 601 patients (91%), and the cecum 
was visualized in 271 of 306 attempts (89%). In 1977, the 
most current year reviewed, 175 endoscopic examinations 
were performed and the corresponding figures were 96% 
and 95%, respectively. 

No substantial complications were encountered with 
diagnostic colonoscopy. The only morbidity observed was 
related te excision or biopsy via electrocautery of polypoid 
colon lesions. Postendoscopic complications associated with 
total removal or biopsy of 421 lesions were: 15 episodes of 
bleeding (2%) (transfusions were required in only four 
patients [0.6%]); two colon perforations (0.3%); and one 
episode ef fever (0.2%), which persisted for 36 hours 


Table 1.—Bowel Preparation for Colonoscopy 


Prior tc Hospital Registration (At Home) 
Day 7 
Clear liquids 
Castor oil, 60 mL at 8 AM 
Bisacodyl tablets, 20 mg at 8 AM 
Day 2 
Clear liquids 
Bisacodyl tablets, 20 mg at 8 AM 
Two 1,000-mL tap water enemas at bedtime 
Followieg Hospital Registration 
Day 3 
Nothing by mouth 
1,000 mL normal saline water enemas until clear 
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withcut othe- clinical manifestations (Table 2). 

Co onoseopic examinations were performed on 514 
patients wita either radiographic interpretation of defi- 
nite lesions or totally negative contrast studies, which 
permitted a comparison of diagnostic accuracy (Table 3). 


The everall eccuracy rates of the barium contrast enema | 


and colonoscopy were 67% and 89%, respectively (Ta- 
ble 4} 

A total of £21 polypoid lesions were visualized endoscopi- 
cally in 281 patients; of these, 407 were either totally 
excised (375 lesions) or underwent biopsy (32 lesions) with 
the electrocautery wire snare. Histologically, 320 lesions 
(16%) were benign and 39 (9%) were malignant. In the 
remaiming 62 cases (15%), no tissue was recovered for 
microscopic evaluation; however, only 13 lesions (3%) were 
unintentionally lest (Table 5). There was no attempt to 
recover 35 lesions (8%) that were less than 0.5 cm in 
diameter; 14 lesions (4%) were either visualized without an 
attempt to remove or, for technical reasons, the endoscope 
could not be passed to the location of the radiographically 
observed lesicns (Table 6). 

Rectal blood loss, the source of which could not be 
determined by proctosigmoidoscopy and barium contrast 
radiography, was the indication for colonoscopy in 141 
patients. The cecum was visualized in 123 examinations 
(87%). Thirtv--hree unsuspected lesions were discovered in 
30 patients (27%). Twenty-nine of the lesions were benign, 
three of whick were between 2 and 3 cm in diameter; the 
remairing four lesions were malignant (3%). 

J A nondiagnestic radiographic examination suggestive of 

a colon abnormality was the indication for 115 endoscopic 
examinations. Endoscopically, the colonic area in question 
was visualizec in 102 patients (89%). Colon disease was 
definitely ex2laded in 71 patients (62%). In the remaining 
31 patients (27%), a pathologic state, including eight 
cancers (7%), vas confirmed. 

Follow-up 2cloncsceopie examinations were performed on 
33 patients three to four years after previous endoscopic 
polypectomy. New benign polyps were detected in 11 
patients (33%): however, none of these patients had colon 
cancer. 

Colorescopic examinations were performed on 38 
patients for a variety of vague colonic complaints following 
negative barium contrast enemas. Indications for the 
procedure included colic-type abdominal pain, chronic diar- 
rhea, increasing constipation, or rectal mucous discharge. 
Four patients were found to have small benign polyps, but 
none of these examinations provided information that 
could explain tie patients’ symptoms. 

The remainng 54 colonoscopic examinations were 
performed for a variety of reasons. Nine procedures were 
to confirm ar established radiographic diagnosis, two of 
which turned »ut to be false-positive barium contrast 
enemas. The indications for the remaining 45 procedures 
were either a search for synchronous or metachronous 
carcinomas or carcinomas in patients with chronic ulcera- 
tive coli-is. Five patients had benign lesions that were not 
seen on barium contrast examination; no cancers were 
detectec. 

Of 54 patients who had carcinomas examined endoscopi- 
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Complications 
Type of No of | | 
Examination Patients Bleeding Perforation Fever 
662 ! 





Table 2.—Complications Resulting From 662 
Colonoscopic Examinations 












Total 15 (2%) 2 (0.396) 1 (0.296) 








*Four patients underwent transfusion (0.696); bleeding was immediate in 
12, delayed in three. 


Table 3.—Comparison of Accuracy Between 
Colonoscopy and Barium Contrast Enema 


Barium Contrast ! 
Accuracy Enema (96) Colonoscopy (96) 


False-negativet 50 (10) 4( 1) 
Indeterminatet 61 (12) 61 (12) 
Total 514 514 





*All colon lesions present were not seen on x-ray study. 

+False-negative barium enemas confirmed by air contrast enema. 

tincludes endoscopic failures (43, 8%) and patients without roentgeno- 
grams (18, 496). 


Table 4.—Overall Accuracy Rates of Colonoscopy and 
Barium Contrast Enema 


Barium Contrast 
Enema (%) 


343 (67) 
110 (21) 
61 (12)+ 


Accuracy 
Accurate 
Not accurate 
. Indeterminate 


Colonoscopy (%) 
449 (89) 
47 ( 9)* 
18( 4) 





*Includes endoscopic false-negative examination and failures. 
Patients without roentgenograms and endoscopic failures. 


cally, 12 (22%) were truly occult lesions not previously 
detected by radiographic contrast studies. Nineteen 
patients underwent endoscopic excision of polyps which, 
when microscopically examined, were superficial (in situ) 
or invasive cancers (Figure). Histologically, the margin 
between tumor cells and excised surface was adequate in 
nine lesions (47%), questionable in four (21%), and inade- 
quate in the remaining six lesions (82%). The nine patients 
with lesions that had adequate tissue margins did not 
undergo additional operative therapy. Histologically, four 
of these lesions were in situ, three were invasive, and the 
remaining two lesions were polypoid carcinomas. Close 
follow-up of these patients has shown no recurrent disease; 
however, insufficient time has elapsed to be significant. 
One additional patient with a 0.9-em carcinoid tumor of the 
rectosigmoid part of the colon and a histologically ques- 
tionable tissue margin underwent no additional operation. 
This patient has been observed for two years without 
evidence of recurrent disease. The remaining three 
patients with questionable adequately excised lesions and 
the six patients with lesions inadequately excised under- 
went definitive colon resection. All nine of the resected 
colon specimens were examined histologically. Residual 
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cancer was found at the site of endoscopic excision in only 
three patients, and regional lymph nodes were positive for 
metastatic disease in only one patient. 

Excluding all patients with questionable radiographic 
findings and those without pre-endoscopic roentgeno- 


Table 5.—Histologic Results of 421 Colonoscopic 
Polypectomies 


Benign 
Adenomas 


Lipomas 

Villous tumors 
Hyperplastic polyps 
Subtotal 


Malignant 
In situ 


Invasive 
Subtotal 


No tissue recovered 62 (15%) 
Subtotal 62 (15%) 


Total 421 


Table 6.—Results of Colonoscopic Polypectomy for 
421 Polypoid Lesions 










No. of 








Polyps 
Procedure Status of Polyp (%) 
Total excision Recovered 327 (78) 
Total excision Lost 13 ( 3) 
Biopsy Recovered 32 ( 7) 






Biopsy Lost 0r 
Visualization only No attempt to recover 3( 1) 


Could not reach with Not removed 31-4 3) 
endoscope 







Table 7.—Sizes of 100 Occult Lesions Missed by Barium 
Enema 


Size, cm 


No. of Lesions (96) 


47 (47) 


. 1.5-1.9 16 (16) 












Histologic 
Margin 
Inadequate (6) 








Carcinoma in situ (4) 
Invasive C inoma [^ 
Polypoid Carcinoma 
Carcinoid (0.9cm in 
diameter 





Course of endoscopic treatment of cancerous polyps. RLNS 
indicates regional lymph nodes. 
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grams, 100 of the remaining 514 patients (19%) had truly 
occult lesions detected by endoscopy that were not 
previously observed by barium contrast enema. Eighty- 
eight lesions were benign (17%) and 12 were malignant 
(2%). Fifty-three of the occult lesions (53%) were less than 1 
cm in diameter, whereas 39 lesions (39%) were between 1 
and 2 cm in diameter. The remaining eight lesions (8%) 
were between 2 and 3 em in diameter (Table 7). 


COMMENT 


Endoscopic visualization of the entire colon lumen has 
rapidly achieved a vital role in the diagnosis and t-eatment 
of many colonic disorders. However, it is an elective 
procedure that requires considerable expertise to fully 
realize its maximum value. However, the potential for 
morbidity is real, but when performed by experienced 
examiners, the incidence of significant morbidity has been 
minimal. Rogers et al” complied the combined morbidity 
and mortality for colonoscopy and polypectomy f-om most 
major sources. His review of 32,881 diagnostic colonoscopy 
examinations revealed a 0.23% (range, 0% to 08%) inci- 
dence of colon perforation and a 0.01% mortalizy. Endo- 
scopic excision of 7,955 colon polyps was associated with a 
1.7% (range, 0.2% to 6.1%) incidence of postendoscopic 
hemorrhage, a 0.3% (range, 0% to 0.7%) perforetion rate 
and only one death in the entire composite ser-es. Other 
isolated, unusual complications have also been reported by 
Rogers et al," Meyers and Gharhremani,^ Livestone and 
Kerstein,” and others," but proper attention to appro- 
priate indications, contraindications, patient medication, 
and procedural technical details make the probability of 
these types of complications negligible. 

The inaccuracy of the routine barium contrast enema is 
well known and has been studied by many investiga- 
tors." The incidence of false-negative contrast exami- 
nations is 109. Less well known is the incidence of 
false-positive routine barium contrast enema’ In our 
previous review, 250 patients underwent barium contrast 
study that disclosed a radiographic impression of definite 
colon lesions; 17% of these examinations were false- 
positive. The overall inaccuracy of the routine barium 
contrast enema approaches 30% (Table 4). Certainly the 
accuracy of the double-contrast barium enema `s superior 
to the routine barium study; however, a eontinuing 
controversy among radiologists regarding this subject has 
prevented routine use of the former study. Also, in our 
opinion, many of the false-positive routine barium contrast 
enemas could be eliminated with a two-day bowel prepara- 
tion. 

In this series, a comparison of diagnostie accuracy 
between the barium contrast enema and colonoscopy was 
possible in 514 patients who had either definite positive 
radiographic findings or totally negative contrast studies. 
Patients whose roentgenograms disclosed questionable 
radiographic findings and patients who were intentionally 
prepared for endoscopy without pre-endoscopic barium 
contrast studies were excluded from this analysis. There 
were 61 indeterminate cases—18 patients without available 
radiographic studies and 43 patients who were considered 
endoscopic failures (Table 3). In determining the overall 
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accuracy for each diagnostic E all 61 tndetelantiinte 
cases were excluded from the barium contrast enema 
accuracy calculation, while the 43 endoscopic failures were 
considered in the inaccurate endoscopic group (Table 4). In 
addition, barium contrast studies that detected some, but 
not all of tae colonic lesions present (true-positive-plus) 
were cons.derec with the roentgenographically accurate 
category. 3r doing so, the comparative accuracy percent- 
ages reflect he endoscopic failures as inaceurate endoscop- 
ic examinat ons and the partially accurate contrast study 
as accurate tadiegraphic examinations. Thus, the resulting 
bias actually favors the radiographic study, and the diag- 
nostic aecuracy of colonoscopy still is superior to the 
contrast study. 

If aecuraey was the only consideration, an obvious 
conclusion f-om this analysis could be a need for more 
colonoscopy and fewer barium enemas. However, several 
factors mitigate against this conclusion: first, in patients 
50 years or elder, an endoscopic examination that fails to 
visualize the cecum is no better than a poor routine barium 
contrast stacy. Evidence suggests that total colonoscopy is 
preferable in this age group.*" Our experience supports 
this view: in three patients over the age of 50 years, clinical 
colon cancer developed proximal to the colonoscopic exam- 
ination endpoint. In experienced hands, the incidence of 
failure to visualize the cecum ranges between 5% and 10% 
and that area must be examined by other means. There- 
fore, the twc studies are complimentary and should not be 
considered competative. Obviously, there are certain 
aspects of the barium contrast enema that could improve 
the ciagmcstie yield, and hopefully, evolving data will 
provide a basis for initiating improvements. Second, the 
barium eontrast enema is universally available, has mini- 
mal potential for morbidity, has excellent patient accep- 
tance, and is less expensive than colonoscopy. All factors 
considered, we believe that even with the improved diag- 
nostie accuracy and added advantages of biopsy and exci- 
sion that colonoscopy provides, in most situations a well- 
executed barium contrast enema is still the primary diag- 
nostic modality for detecting abnormalities of the colon. 

There is little controversy regarding the advantages of 
removing benign polyps endoscopically from the proximal 
part cf the celon vs subjecting a patient to formal abdom- 
inal operatiom and colotomy. The results clearly support the 
change in tredition.*- In our experience, successful endo- 
scopic examinations were possible in 95% of 281 patients, 
with zveidan«e of laparotomy and colotomy in 246 patients 
(88%). However, the "lost polyp” still remains a small but 
important imherent problem associated with endoscopic 
removal of »olypoid lesions. Twenty-two lesions were 
excised and unintentionally lost during the endoscopic 
procedure; mine (41%) were recovered with judicious 
enemas following the procedure. Certainly, when a polyp 
1.5 em or greater in diameter is not recovered, a more 
stringent fcll»w-up should be undertaken since greater size 
is associate] with a greater probability that the polyp is 
cancerous.^* 

The patien:s with gross or microscopic rectal blood loss 
that is unexplained by routine studies, including barium 
contrast radiography, represents one of the best indica- 
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tions for diagnostic colonoscopy. In this series, the 33 
unsuspected lesions represented 21% of patients examined 
for that indication; of these, four lesions (3%) were occult 
carcinomas. Also, three of the benign lesions were greater 
than 2 cm in diameter. These findings are consistent with 
reports of other investigators. 

Clarification of questionable radiographic findings 
remains an extremely valuable indication for colonoscopy 
and was possible in 89% of patients examined. Although 
not considered occult lesions, the verification of eight 
carcinomas (7%) obviously avoided delays in appropriate 
therapy. Effective endoscopic differentiation between 
colon carcinoma and the benign inflammatory strictures 
associated with diverticular disease has been previously 
reported by Sugarbaker et al." We also found this helpful 
in 26 such cases that have been reported elsewhere.” 

The indications for the remaining 92 colonoscopie exam- 
inations were based on normal barium contrast enema and 
persistent complaints relative to the colon, confirmation of 
established radiographic lesions, or a search for cancer in 
patients with high-risk disease states. The total experience 
with these indications is small and, although the endoscopic 
yield was low, no firm conclusions are justifiable. However, 
even with two endoscopically proved false-positive x-ray 
films, documentation of established radiographic lesions 
appears to have questionable value and probably is only 
justifiable in selected situations. 

Malignant sessile polyps are best treated with definitive 
colon resection if the patient's general condition permits. 
However, the patient with a malignant, pedunculated 
polyp presents a more difficult therapeutie problem. The 
decision regarding which definitive treatment—endoscopic 
excision or operative resection—is most appropriate and 
can be quite difficult. Guidelines are evolving for the 
conservative endoscopic management of such lesions; 
however, the long-term results are not yet avail- 
able.®:9:11-12-37.38 

In general, the consensus regarding the noninvasive (in 
situ) lesions exists in favor of only endoscopic excision 
because these lesions rarely, if ever, metastasize. Follow- 
ing adequate endoscopic excision of pedunculated, invasive 
carcinomas (malignant penetration through the muscularis 
mucosa), the decision regarding further operative inter- 
vention depends on the extent of the invasive penetration, 
lesion diameter, length of pedicle, and the patient’s age 
and general condition. The possibility of operative mortal- 
ity associated with a colon resection, which reportedly 
ranges from 4% to 10%,***° must be weighed against the 
probability that metastatic lymph nodes are present. 
Considering the age group most commonly afflicted with 
colon cancer, those two considerations frequently overlap. 
In a retrospective study, Grinnell observed that no meta- 
statie regional lymph nodes were present with malignant 
polyps 1.5 em or less in diameter. However, the incidence of 
positive regional lymph nodes associated with a 3-em 
malignant polyp approached 23%. Certainly, these consid- 
erations must be weighed in the patient benefit equation 
when one considers conservative vs operative manage- 
ment. Regardless of the adequacy of endoscopic excision, if 
the patient's general condition permits, definitive opera- 
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tive resection is favored for pedunculated, polypoid carci- 
nomas (no histologic definible pre-existing adenoma). 

The three pedunculated invasive carcinomas in this 
series were less than 2 cm in diameter, and histologic 
examination disclosed minimal invasive penetration and 
normal pedicles. In our opinion, further operative interven- 
tion was not justified. The decision for conservative treat- 
ment in the two patients with polypoid carcinomas was 
based on advanced age, histologic evidence of normal 
pedicles, and associated pre-existing chronie diseases that 
suggested that the risk of operative mortality greatly 
exceeded the possibility of metastatie disease. These five 
patients have been observed closely, with no evidence of 
recurrent disease; however, the follow-up time is insuffi- 
cient to draw any final conclusions regarding the perma- 
nent control of the cancer by the conservative approach. 
Definitive colon resections as recommended by Wolff and 
Shinya’ were performed on three of the four patients in 
whom adequate excision of a malignant lesion was ques- 
tionable and the six patients with inadequately excised 
malignant lesions. Only three (33%) of the nine patients 
had residual tumor at the excision site, and only one 
patient (1176) had positive regional lymph nodes, indicating 
the early nature of these neoplasms. One additional patient 
with a 0.9-em carcinoid tumor in the rectosigmoid part of 
the colon and a questionable tumor-free margin did not 
have further surgery. This decision for conservative thera- 
py was based on the small size of the lesion, the ease of 
follow-up, and the fact that the excision site had been well 
cauterized. The patient has been observed for two years 
with no evidence of recurrent or systemic disease. 

The endoscopic detection of 88 (17%) benign and 12 (2%) 
malignant lesions missed by barium contrast studies 
suggests a colon cancer screening capability that is not 
totally justified. These patients represent a select popula- 
tion previously screened by conventional modalities. Ex- 
trapolation of the high diagnostic yield found in this 
setting to a larger, asymptomatic, unscreened population 
at risk would not be valid. The cost benefit of such an 


endeavor would have to be carefully weighed. 


References 


1. Sivak M, Sullivan BH, Weakley FL: Colonoscopic polypectomy. Dig Dis 
19:339-343, 1974. 

2. Miller RE: Detection of colon carcinoma and the barium enema. JAMA 
230:1195-1198, 1974. 

3. Wolff WI, Shinya H, Geffen A, et al: Comparison of colonoscopy and 
the contrast enema in five hundred patients with colorectal disease. Am J 
Surg 129:181-186, 1975. 

4. Coller JA, Corman ML, Veidenheimer MC: Colonic polypoid disease: 
Need for total colonoscopy. Am J Surg 131:490-494, 1976. 

5. Wolff WI, Shinya H: Polypectomy via the fiberoptic colonoscope. 
Removal of neoplasms beyond reach of the sigmoidoscope. N Engl J Med 
288:329-332, 1973. 

6. Wolff WI, Shinya H: Colonofiberscopic management of colonic polyps. 
Dis Colon Rectum 16:87-93, 1973. 

7. Sugarbaker PH, Vineyard GC: Fiberoptic colonoscopy: A new look at 
old problems. Am J Surg 125:429-431, 1973. 

8. Berci G, Panish J, Morgenstern L: Diagnostic colonoscopy and colono- 
scopic polypectomy. Arch Surg 106:818-819, 1973. 

9. Wolff WI, Shinya H: A new approach to colonic polyps. Ann Surg 
178:367-378, 1973. 

10. Knutson CO, Schrock LG, Polk HC: Polypoid lesions of the proximal 
colon: Comparison of experiences with removal at laparotomy and by 
colonoscopy. Ann Surg 179:657-662, 1974. . 

11. Wolff WI, Shinya H: Endoscopic polypectomy: Therapeutic and 


434 Arch Surg—Vol 114, April 1979 


clinicopathologic aspects. Cancer 36:683-690, 1975. 

12. Christie JP: Which colonie polyps should be excised endoscopically? 
South Med J €9:1143-1145, 1976. 

13. Wolff WI, Shinya H: Colonofiberoscopy. JAMA 217:1509-1521, 1971. 

14. Wolff WI, Shinya H, Geffen A, et al: Colonofiberoscopy. Am J Surg 
123:180-184, 1972. 

15. Williams C, Muto T: Examination of the whole colon with the 
fiberoptic colanoscope. Br Med J 3:278-281, 1972. 

16. Waye JD: Colonoscopy. Surg Clin North Am 52:1013-1024, 1972. 

17. Gaisford WD: Gastrointestinal fiberendoscopy. Am J Surg 124:744- 
749, 1972. 

18. Teague RH, Salmon PR, Read AE: Fiberoptic examination of the 
colon: A review of 255 cases. Gut 14:139-142, 1973. 

19. Sugarbzker PH, Vineyard GC, Lewicki AM, et al: Colonoscopy in the 
management of diseases of the colon and rectum. Surg Gynecol Obstet 
139:341-349, 1974. 

20. Schmitt MG, Wu WC, Geenen JE, et al: Diagnostic coloncscopy: An 
assessment of the clinical indications. Gastroenterology 69:165-1€9, 1975. 

21. Overhok BF: Colonoscopy: A review. Gastroenterology 68:1308-1320, 
1975. 

22. Christie JP: Fiberoptic colonoscopy: Diagnostic value in 25) consecu- 
tive patients. South Med J 69:540-549, 1976. 

23. Max M4, Knutson CO: Colonoscopy in patients with inflammatory 
colonic strictures. Surgery 84:551-555, 1978. 

24. Goldhaber SZ, Bloom BS, Sugarbaker PH, et al: Effects of the 
fiberoptic laparoscope and colonoscope on morbidity and cost. Ann Surg 
179:160-162, 1974. 

25. Ragins H, Shinya H, Wolff WI: The explosive potential of colonic gas 
during colonoscopie electrosurgical polypectomy. Surg Gyneeol Obstet 
138:554-556, 1974. 

26. Berci Œ Panish JF, Schapiro M, et al: Complications of celonoscopy 
and polypectany: Report of the South California Society for Gastrointesti- 
nal Endoscop’. Gastroenterology 61:584-585, 1974. 

27. Rogers BH, Silvis SE, Nevel OT, et al: Complications of flexible 
fiberoptic colonoscopy and polypectomy. Gastrointest Endosc 22:73-77, 
1975. 

28. Geenen JE, Schmitt MG, Wu WC, et al: Major complications of 
coloscopy: Bleeding and perforation. Dig Dis 20:231-235, 1975. 

29. Smith UE, Nivatvongs S: Complications in colonoscopy. Dis Colon 
Rectum 18:214-220, 1975. 

30. Meyers MA, Gharhremani GG: Complications of fiberoptic endoscopy: 
II. Colonosco»y. Radiology 115:301-307, 1975. 

31. Bond -H Jr, Levitt MD: Factors affecting the concentration of 
combustible gases in the colon during colonoscopy. Gastroenterology 68:1445- 
1448, 1975. 

32. Livesteme EM, Kerstein MD: Serosal tears following colonoscopy. 
Arch Surg 111:88, 1976. 

33. Alleock JM: An assessment of the accuracy of the clinical and 
radiological ciagnosis of carcinoma of the colon. Br J Radiol 31:272-277, 
1958. 

34. Fenlon JW, Margulis AR: The radiographic diagnosis. JAMA 231:752- 
755, 1975. 

35. Colley RN, Agnew CH, Rios G: Diagnostic accuracy of the barium 
enema study in carcinoma of the colon and rectum. Am J Roentgenol Rad 
Ther Nucl Med 84:316-331, 1960. 

36. Grinnel RS: The chance of cancer and lymphatic metastases in small 
colon tumors discovered on x-ray examination. Ann Surg 159:182-188, 
1964. 

37. Shinya H, Wolff WI: Colonoscopie polypectomy: Technique and 
safety. Hosp Pract 10:71-78, 1975. 

38. Turnbull RB, Hazard JD, O’Halloran A: Occult invasive cancer in 
polypoid adeiomas of the colon and rectum. Dis Colon Rectum 4:111-114, 
1961. 

39. Knutsen CO, Fry DE, Barbie RD: Reassessment of intraoperative 
decisions: Way operations for cancer of the large bowel fail. Ann Surg 
187:549-554, 978. 

40. Polk H2, Ahmad W, Knutson C: Carcinoma of the colon and rectum, 
in Current Problems in Surgery. Chicago, Year Book Medical Publishers, 
Ine, 1973. 


Discussion 


JOHN E. JessEPH, MD, Indianapolis: In studying 662 cases in this 
period of tme, Dr Knutson and his associate have examined 15 
patients a week, spending five or six hours a week at the work. 
And while that is not for the ordinary surgeon an excessive 
workload, i- is the kind of thing that provides logistic considera- 
tions that each surgeon will need to ponder for himself; that is, 
whether we should do this or work closely with gastroenterologists 
who do it. 
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Colenoscory is essentially useless when the colon is in a bleeding 


state. Working upstream against a flood of blood is a hopeless 
chore, and D- Xnutson properly points out that we are concerned 
with neoplasms in this whole business, and again indicates that in 
perspective, we must rely on clinical symptoms and barium enema 
studies te provide the basic screening to establish a group of 
patients in whom @lonoscopy is useful. My own view is that as a 
screening procedure, colonoscopy will be rather more expensive 
than we wou d wisk for it to be, and therefore my view is that we 
should establisa ve-y excellent air contrast barium enema studies 
to further sc-e»n the group and provide less uncertainties for the 
colonoscapist. | 

Our people ia Incianapolis are very good at air contrast barium 
enema; therefcre, oar numbers, while I do not have them precisely 
to compare with Dr Knutson’s, are, I think, different. 

We aave less troable with false-positive results, which, in any 
event, are the east worrisome of the findings, and of course, we 
have mo fine! court for determining the absolute number of 
false-negative stud es. 

What it comes down to then is to establish after screening and 
in those patients who have got continuing reasons for further 
investigation, that & small blood loss and occult blood in the stool, 
to examine those petients, and then to determine what to do with 

the lesions that are found. 

To support my own view from Dr Knutson's data is the notion 
that they have aad lifficulty seeing lesions as big as 3 em in some 
patien:s. Our zadiciogists would be devastated by that failure. 
They are content -o be able to see lesions as small as a few 
millimeters in any »art of the colon. 

Ther the qaestior arises what to do with the carcinomas, and I 
believe that Dr Knutson has got an adequate view of that problem 
at the mament. Clearly, an unexpected carcinoma in situ in a 
polypoid lesiom removed at colonoscopy can be thought to be 
adequately trezted. 

I am not personal y comfortable with the notion of intentionally 
resecting smzll known malignant lesions and leaving the rest or 
potentially leaving »ther tumors in situ. 

I have had experience with three patients in each of these two 
categories. Taat is, I have resected colon from patients, being 
uncertzin about the extent of the polypectomy, and have found no 
tumor ‘eft in tae gat. In retrospect, that, of course, has been a 
disappcintment in that we could safely have done nothing. Our 
difficulty is that we will never know in advance, and the problem is 
exactly the same as he intentional fulguration of a low-line rectal 
cancer as primary treatment in a patient who is otherwise not 
treatable surgically. We just never know the stage of the lesion, 

and therefore, we have got great uncertainties. 

The opposite problem is to decide what to do with a patient 
whose histologie fincings would suggest complete removal but not 
establishing it with certainty, and I think most pathologists are 
unhapps to study azd give good prognostication of those lesions 
that heve besr removed with electrocautery. The coagulation 
artifact sometimes gums up their studies and leaves the patholo- 
gists in an aw<ward position to establish for us whether we should 
go further for tne patient. 

So my own view is conservative. I believe that maligant lesions 
that are invasive should be treated by further resection of that 
part of the co oa. 

Harvey T. Butcrer, MD, St Louis: I have one question. Drs 
Knutson and Mex, hzve you looked into the cost benefit analysis in 
reference to this? Six hundred odd cases must have been rather 
expensive. 

Of course, yot saved a number of operations and it may be b 
this is really pregress in terms of medical cost. dD 

RICHSRD O. Krarz, MD, Ann Arbor, Mich: Would you help us 
regarding your current recommendations as to long-term follow- 
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up of patients who are presumably free of colon and rectal 


carcinoma following resectional therapy? Practically, what are the ——— 


appropriate places occupied by sigmoidoscopy, colonoscopy, and/or 


barium enema in the follow-up of such patients, recognizing the 


threat of asynchronous secondary primary lesions? 

Dr Knutson: Dr Kraft, at one time, I would have said that 
long-term follow-up of patients with previous polyps was best 
accomplished exclusively by colonoscopy. However, with the 
reported total colonoscopy failure rate of 4% to 10% and at least a 
1% false-negative colonoscopie examination rate for lesions less 
than 1 em in diameter, alternating air contrast radiography with 
colonoscopy probably offers the best of both procedures for 
detecting early colonie lesions. This should be done at least every 
two years, with emphasis on an adequate colon preparation prior 
to either study. 

Dr Butcher, your question regarding the cost benefit of colono- 
scopy is a very appropriate and timely one. Certainly, we can 
demonstrate the cost benefit effectiveness of endoscopic polypec- 
tomy vs the time-honored laparotomy-colotomy approach, which in 
general has reduced the cost of treating colonic polyps by 50%, 
largely due to a substantial reduction in hospitalization time. I also 
believe that the clinical yield from colonoscopie examinations in 
patients with questionable radiographic findings and unexplained 
rectal bleod loss justifies the cost. However, relative to other 
indications, at present, the data are insufficient to be conclusive, 
and we may find that some of these indications will not withstand 
cost benefit analysis. Review of this aspect of our series is 
currently in progress. 

Relative to Dr Jesseph's questions, I would like to comment on 
the surgeon's role in the field of flexible fiberoptic gastrointesti- 
nal endoscopy. Those of us who do gastrointestinal endoscopy 
believe surgeons must maintain an active role in the field because 
of the number of operative procedures that can be effectively 
performed endoscopically is increasing. The surgeon, because of 
his training, has the most realistic appreciation for possible 
operative complications and long-term problems that might result 
from "endoscopic operations." I am aware of numerous endoscopic 
disasters that have occurred in the absence of appropriate empha- 
sis on the potential consequences of the procedures. For those 
communities in which surgeons are not doing endoscopic proce- 
dures, efførts should be aimed in that direction, and the minimally 
accepted compromise should be an active role on the endoscopic 
committees. 

Although at the present time, we are not routinely screening for 
cancer with colonoscopy, we are studying this theoretical possibil- 
ity. We have some quite substantial data, but it may not hold up 
under cost benefit scrutiny. The alternative would be to convince 
colleagues in radiology to insist on better colon preparations and 
more air contrast studies. I am aware of Dr Roscoe Miller’s 
contributions and have quoted him many times. In general, I 
believe the trend among radiologists, at least in Louisville, is 
toward better bowel preparations and air contrast studies. Based 
on our colenoscopic data, the barium contrast enema false-positive 
rate is 17% and the false-negative rate is 11%. 

Relative to the endoscopie excision of specifie colon cancers as 
the definitive treatment, the most difficult decision regarding 
further surgery involves the group of patients in whom the risk of 
operative mortality overlaps the possibility of residual metastatic 
disease in the regional lymph nodes. The risk of mortality 
associated with the endoscopie procedure is minimal and to sustain 
an operative mortality following a colectomy in a patient with no 
histologically definable residual disease is a truly unfortunate 
outcome. Acceptable criteria for the local treatment of certain 
eolon cancers is emerging; however, a much larger experience and 
longer follow-up periods are necessary to validate any conclusions 
regarding the decision to manage these lesions conservatively. 
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Gastric Bypass in the Operative Revision 


of the Failed Jejunoileal Bypass 


James W. LaFave, MD, John F. Alden, MD 


e Fifty-five patients with failed jejunoileal bypasses underwent 
reanastomosis and gastric bypass at the same operation. One 
patient died of undetermined cause three months postoperative- 
ly. The 54 surviving patients were all relieved of their preopera- 
tive symptoms, and 40 patients achieved satisfactory weight 
control. Technical complications prevented weight loss in 13 
patients: four were given pouches too large to be effective, and 
nine had late disruption of the staple line. Two patients gained 
weight despite the fact that their pouches were of appropriate 
size. Reanastomosis will reverse the side effects of jejunoileal 
bypass, and a properly performed gastric bypass at the same 
operation will afford protection against subsequent weight 
gain. 

(Arch Surg 114:438-444, 1979) 


ejunoileal bypass (JIB) has been the operation most 
J frequently performed to bring about weight reduction 
in morbidly obese patients. While it has usually induced 
acceptable weight loss, complications and side effects have 
been common, and they are often severe enough to require 
dismantling of the bypass. Although reanastomosis ends 
the problems associated with this operation, rapid weight 
gain almost always ensues. In an effort both to reverse the 
undesirable effects of JIB and prevent subsequent weight 
gain, we have taken down the intestinal bypass and 
performed a gastric bypass in a single operation. Our 
experience is the subject of the following report. 


PATIENTS AND METHODS 


Fifty-five patients in our practice who experienced disabling 
complieations of JIB underwent surgery in which the JIB was 
taken down and gastric bypass (GB) performed at the same 
operation. There were 52 women and three men in our series. Age 
range was from 26 to 60 years with an average age of 39 years. 
Elapsed time from JIB to takedown/gastrie bypass (T/GB) 
ranged from 13 to 96 months and averaged 48 months. Indications 
for T/GB are as follows: 
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No. of 

Type Patients 
Diarrhez, lassitude 14 
Pain 13 
Kidney stones or renal caleuli 11 
Weight zain 8 
Arthritis 6 
Pneumacosis cystoides intestinalis 2 
Liver failure 1 
Total 55 


All patients had more than one problem, but only the primary 
clinical indication for each patient is listed. We eliminazed from 
consideration for this operation any patient who had an elevated 
serum bilirubin level or an albumin value below 3 g/dL as well as 
any patient who required parenteral hyperalimentation. 

Antibiotie prophylaxis consisted of 500 mg of cephalcsporin n 
given intramuscularly two hours preoperatively and every 6 to 8 
hours for 4€ hours postoperatively. To prevent thromboembolism, 
5,000 units ef heparin sodium were administered subcutaneously 
two hours preoperatively and every eight hours for four days 
postoperatively. 

Operative technique (Fig 1 to 5) was very much the same 
throughout our series since 50 of the 55 patients had had 14-4 
jejunoileal 5ypasses. The use of stapling instruments greatly 
facilitated «he procedure and reduced operative time. However, 
increased safety was achieved by covering the staple lines with 
interrupted silk seromuscular sutures. The intestinal bypass was 
first dismartled using the thoracoabdominal (TA-90) stapler with 
4.8-mm staples to close the ileum (Fig 1). Intestinal continuity was 
reestablished using the gastrointestinal anastomosing (GIA) and 
TA-90 stapErs to create a functional end-to-end anastomosis (Fig 
2). This method proved practical and effective in joining two 
jejunal lim»s of contrasting size, dilated proximally ard atretic 
distally. Afer completion of the anastomosis, saline was instilled 
through the nasogastric tube to dilate the atretic distal jejunum. í 

Our technique for gastric bypass modified from the original 
technique cf Mason and co-workers' has been described previous- 
ly.2 Its salient features are worth reemphasizing. The short gastric 
vessels are -ransected all the way up to the esophagus after having 
encircled i: with a Penrose drain (Fig 3) Along the lesser 
curvature just below the first branch of the left gastric artery to 
the gastric fundus, a tunnel is made in the gastri? hepatic 
omentum cose to the wall of the stomach and another drzin passed 
through it. Now an antecolic loop of the proximal jejunum is 
brought up-and tacked with three silk sutures high on th? anterior 
wall of the greater curvature of the stomach (Fig 4). It is then 
anastomosed to the stomach using the GIA instrument inserted no 
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Fig 1.—A and E. Intestinal bypass is taken down using thoracoab- 
domina! staple with 4.8 mm staples to close ileum. C, Everted 
staple line is carefully inverted with interrupted silk sutures. 


further than 2 cm. The anastomosis is completed with inverting 
sutures of interrupted silk, which, with proper technique, leave an 
anastomosis ..F em n diameter. The TA-90 is now passed through 
the prepared openirg on the lesser curvature, and the stomach is 
staplec transversely with 4.8 staples, leaving a 5% gastric pouch 
(Fig 5) Kinking is prevented by tacking the efferent jejunal limb 
to the greater airveture. The abdominal incision is closed en bloc 
with interrupted menofilament O-wire sutures, the subcutaneous 
tissue rigat» with kanamycin sulfate in saline, and the skin 
stapled Operat.ng time has averaged slightly over 1% hours. 
Gastroplasty, a technique first described by Printen and 
Mason, is ar alternative method of achieving a small gastric 
pouch. Althouga not employed in this series of operations, the 
authors are now expioring the use of a modification of gastroplas- 
ty in which the stomach is stapled and a 1.2-em diameter stoma is 
created betweea the upper pouch and the lower pouch (Fig 6). 
Initial experien*e wth this operation has been encouraging. 


RESULTS 


One patient in the series died three months postopera- 
tively. She hac missed her follow-up appointments with us 
after tae first month and died within a few hours of her 
admiss on to a hospital in her home community. Since no 
postmortem 2»amination was performed, we were unable 
to determine whether the patient's death was related to 
the bypass surzery. | 

All other patients in the series were relieved of their 
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Fig 2.—D, Proximal and distal limbs of jejunum are approximated 
with stay sutures, a straight clamp closing lumen on mesenteric 
border of each segment. E, Gastrointestinal anastomosing stapler 
(GIA) is inserted in each limb to create functional end-to-end 
anastomosis. F, Common opening is closed using TA-90 with 4.8 
staples. 


preoperative symptoms, and 40 of them achieved satisfac- 
tory weight control Mean postoperative weights are 
depicted in graphic form in Fig 7. The graph compares 
average weights preceding JIB and preceding and follow- 
ing T/GB. There was no gain in average weight for the 
first year after T/GB, but average weights increased 
slightly between the 12th and 18th months. The average 
increase resulted from the fact that 15 patients each 
gained 4.5 kg or more. 
Early surgical complications were as follows: 


No. of 


Type Patients 
Wound infection 


Delayed gastrointestinal transit 
Bleeding from gastric staple line 
Pulmonary embolism 
Mallory-Weiss tear 

Right lower quadrant abscess 
Jaundice 

Iatrogenic splenic rupture 

Total 
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Fig 3.—A, Shor gastric vessels are taken up to esophagus after 
first encircling it with Penrose drain. Tunnel is made through 
gastro-hepatic omentum close to gastric wall just below first 
branch of left gastric artery to gastric fundus and a second 
Penrose drain »assed through. 
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Fig 4.—B, Antecolic loop of jejunum is anastomosed high on 
anterior wall of greater curvature of stomach employing a 
gastrointestinal anastomosing stapler (GIA) inserted no further 
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E Completed Reconstruction / j | l than 2 cm C, Anastomosis is completed with inverting sutures of 
F silk. Anas-omotic staple line is reinforced with interrupted silk 
sutures. 
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Fig 5.—D, Theracoabdominal stapler is passed through previously 
created tunnel on lesser curvature and stomach stapled with 4.8- 
mm staples. E, Efferent limb of jejunum is sutured to greater 
curvature to prevent kinking. 
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.^*. TA-90 Staple Line 
(90-4.8 Cartridge) 





Fig 6.—F 1.2-:m opening is made with cutting cautery in gastric 
pouch 15 cm from thoracoabdominal (TA-90) staple line. B, 
Posterior row of interrupted silk sutures is placed and tied on 
inside of anas omosis. C, Gastroplasty is completed with inverted 
layer 3f nterrupted silk sutures on anterior gastric wall. 


Wourd infection occurred in eight patients (15%) despite 
the admimistration of prophylactic cephalosporin n and 
irrigetion of the wound with kanamycin sulfate-saline 
solution. Delayed gastrointestinal transit occurred in three 
patients, of whom one required revision of the jejunojeju- 
nostomy. Mmor bleeding from the gastric anastomotic 
staple lme was verified endoscopically in two patients. One 
patient retehed on the fifth postoperative day, developed a 
Mallory-Weiss tear, bled massively, and required reopera- 
tion to eontrol the bleeding. 
Late som prications were as follows: 


No. of 

Type Patients 
In?is:9nal sernia 
Pazinu] wive sutures 
Refiux esophagitis 
Weigat gan with large pouch 
Weigat gan with small pouch 
Late lisru»tior of gastric staple line 
Total 


RPonmkaaLN 


Reflux esophagitis in six patients is easily controlled with 
antacids. The first four patients in this series were given 
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12mo(N=35) 18mo(N- 28) 


3 mo (N= 54) 
| 3 Av wt Pre JIB 
TUI Av wt Pretakedown 
[| Av wt Posttakedown GB 


Fig 7.—Average weight preceding jejunoileal bypass (JIB) preced- 
ing takedown/gastric bypass (T/GB), and 3, 12, and 18 months 
following T/GB. 


pouches that proved to be too large for their purposes, the 
result of our deliberately sparing one or two short gastric 
vessels. The patients with these pouches gained 29.5, 18.6, 

5.5, and 5.5 kg, respectively, an average of 14.5 kg each. 

Two patients with satisfactory small pouches managed to 
“out eat” the operation, and each gained 15.9 kg. 

Late disruption of the gastric staple line, for which there 
is an obvious potential in this operation, was the most 
distressing complication in this series and one for which we 
watch carefully in every patient who has gastric bypass 
surgery. We found late disruption in nine of these patients 
who lost their early satiety and began experiencing weight 
gain from three to nine months postoperatively. When a 
GB patient presents this history, we immediately obtain an 
upper gastrointestinal series (which can be done in the 
physician's office without the patient's having fasted) to 
ascertain patency of the staple line. The roentgen picture 
of a satisfactory small pouch is contrasted with one in 
which gastric staple line disruption has occurred (Fig 8). 

Some of the features of the nine cases of staple line 
disruption are listed in the Table. All patients were female. 
Pain was the indication for takedown in three patients, in 
two of whom pneumatosis cystoides intestinalis was an 
associated finding. Two patients had arthritis. One of them 
was receiving cortisone treatment, and the other was 
found, at the time of T/GB, to have Crohn's disease of the 
distal ileum, which was resected. Other indications for 
takedown were weight gain, weight gain with diarrhea, 
renal caleuli, and liver failure. 
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Fig 8.—Small gastric pouch emptying normally into jejunum (left) and pouch with 
disrupted staple line that allows barium to fill distal partion of stomach (right). 








*Takedown/gastric bypass 
*Right lower quadrant. 


Postoperative complications included three cases of 
wound infection and an abscess in the right lower 
quadrant. All infections responded to simple drainage. 

Five of the patients with staple line disruption now have 
been restapled, four of them with adequate weight control 
at three to nine months postoperatively. The patient with 
Crohn's disease was restapled only two weeks ago. Her 
operation, performed 18 months following T/GB, inter- 
ested us because we found no evidence of intestinal 
disease. Two patients have refused restapling and are both 
gaining weight. Two are scheduled for restapling in the 
near future. 
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Clinical Features of Cases of Late Gastric Sta»le Line Disruption 


Indications Complications No. of Months Weight Loss Since 

Patient/Age,yr/Sex for T/GB* of T/GB* Since Restapling Restapling, kg (Ib) 

1/37/F Pneumatosis cystoides intestinalis Wound infection 9 3.2 (7) 

2/37/F Pneumatosis cystoides intestinalis Wound infection 5 7.7 (17) 

3/36/F Abdominal pain None Refuses restapling 

4/35/F Arthritis Splenic rupture Awaiting restapling 

5/37/F Arthritis RLQ7T abscess Just restapled Y 

6/40/F Weight gain Wound infection 6 6.4 (14) 

7/37/F Weight gain, diarrhea None 3 4.6 (10 Ibs) 

8/48/F Renal calculi None Refuses restapling 

9/38/F Liver failure None Awaiting restapling 

















COMMENT 


Betweer 1966 and 1974, when we began doing gastric 
bypass svirgery for morbid obesity, 280 JIBs were 
performed in our practice. The frequency of complications 
following JIB was the major factor in our decision to 
abandon if in favor of GB. Seventy-five of the 280 patients 
with JIBs (26.7%) have required takedowns, a statistic in 
keeping vith that reported by others. Fifty of these 
patients are included in the present series, five others 
having had the initial surgery performed elsewhere. 

Our series confirms the experience of others that resto- 
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ratior of intestinal continuity will reverse the side effects 
of JIB, and subs-itution of GB for the earlier procedure 
will, m the majcrity of patients, protect against subse- 
quent weight gain. 

The 15 patients who did not achieve satisfactory weight 
contre! following T/GB fell into three categories: those 
with unduly large pouches, those who ate exorbitantly 
despite their hav-ng pouches of appropriate size, and those 
with late staple ‘ine disruption. Early in our experience 
with 5B, we learned that when even one short gastric 
vessel near the esophagus was preserved, the gastric pouch 
could not be mace small enough to limit food intake and 
contral weight gain. The first four patients of the series, 
whose pouches were too large, gained an average of 14.5 kg 
each. In the operation as subsequently developed, we take 
all of the short gastric vessels up to the esophagus and are 
able t» limit the »ouch to about the size of a thumb. Only 
two patients witk sueh small pouches have been able to out 
eat the operation, each having gained 15.9 kg 18 to 24 
months postoperetively. 

The occurrence of late staple line disruption in nine 
patierts (16%) is n sharp contrast to its occurrence in our 
patients who have had GB as a primary procedure (1%). We 
have dome rearly 600 GBs as primary procedures, with all 
patients closely followed up and an upper gastrointestinal 
series obtained n any situation arousing suspicion of 
possible staple lire disruption. 

Two possible explanations may be offered for the dis- 
crepamcy in these disruption rates. It is noteworthy that 
four of the nine patients in the present series who experi- 
enced this complication also had postoperative infections. 
Half the infectious complications encountered in the total 
series of 55 patierts occurred in these patients. Perhaps the 
protein-ealorie malnutrition subsequent to JIB in some 
way alters resis ance to infection and impairs normal 
wound healing. However, six of the nine patients admitted 
to overeating at every meal despite great discomfort in 
doing so. All of them believed that their staple line 
breakdown was a direct result of overdistention. 

Whatever the cause, gastric staple line disruption 
destreys the potential for success when the technique of 
GB described here is employed. We are now buttressing 
the staple line with a row of nonabsorbable interrupted 
sutures that unite the anterior and posterior gastric walls 
above and below the staple line. We believe this will reduce 
the tension on th» staples and secure the union. 

Nutritional stazus and liver function permitting, T/GB 
is a reasonable cperation to offer patients suffering the 
severe side effects of JIB. These patients are young and 
often are rendered semi-invalids by their symptoms. The 
bypass operation affords them the opportunity to return to 
a normal life, free of the side effects of JIB, and with good 
protectien against subsequent weight gain. Gastroplasty 
remains an excelent prospect for future use both as a 
primary operatioa for morbid obesity and in combination 
with JIB takedown. Either of these methods of gastric 
exclusion can be recommended to patients with failed 
intest nal bypasses or with a history of inability to control 
weight through diet. 
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Jean Morton, librarian, United Hospitals, St Paul, provided editorial 
assistance. 
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Discussion 


FLETCHER A. MILLER, MD, St Paul, Minn: Most surgeons recog- 
nize that the home of gastric bypass management for obesity rests 
in Iowa City. For that reason, I present data from Drs Ed Mason 
and Kenneth Printen, neither of whom could be here. 

Their experience with severe metabolic side effects of JIB totals 
40 patients. Of this group, 13 underwent simultaneous restoration 
of intestinal continuity and gastric bypass. A further eight 
patients underwent gastric bypass at a subsequent operation, 
while 19 underwent only restoration of intestinal continuity. 

Wound infections seemed to be the most prevalent morbidity 
attendant to these procedures. Six of the 13 patients (46%) who 
underwent simultaneous operations suffered meaningful wound 
infections with Escherichia coli as the most common organism. 
Only one patient who underwent simple reversal of jejunoileal 
bypass suffered a wound infection. Prophylactic antibiotics 
provided some protection since meaningful infections developed in 
only two of 18 patients (11%) who received prophylactic antibiotics. 
Substantial wound infections developed in five of 19 patients 
(26%) who did not receive prophylaxis. 

There is no question that reversal of the JIB will reverse the 
metabolic side effects of the surgically created short gut. Howev- 
er, the substantial wound morbidity indicates that perhaps these 
patients are not in as optimal nutritional condition as we have 
suspected when we operate to restore intestinal continuity. When 
you consider that our 40 patients had lost a mean of 58 kg when 
they underwent reoperation and that 50% of these patients also 
had abnormal results of liver function studies, you must wonder if 
there are more refined measures of protein malnutrition that we 
should investigate before we re-establish intestinal continuity. 

I have two questions for Dr LaFave: (1) On how many patients 
with JIB insufficiency did you not perform T/GB because of 
associated liver complications? (2) Would you dilate just a little 
more on the patients who continued to be fat in spite of the JIB or 
who became fat once again in spite of the JIB; and what was the 
effect of the GB on that particular group of patients? 

Additionally, I would like to interject a point of semantics; that 
is, I think we should no longer describe the result of GB as a small 
gastric pouch. This implies that it is a food storage depot, and for 
the effectiveness of this operation, the result must be just a small 
conduit. Calling it a conduit rather than a pouch would have more 
implications. 

RICHARD D. Ligcuty, MD, Denver: We have been using the 
TA-90 and removing three staples, following the advice of Larry 
Carey and Bill Pace from Ohio State. They have operated on about 
40 patients. Some of you may have seen the news section in JAMA 
that described this procedure. 

We have achieved the very same results in 20 patients. We have 
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had no infections since we do not enter the gastrointestinal tract, 
and the patients have lost weight at the same average rate as 
those who have had GB operations. This procedure appears to be 
effective, simple, and safe, and has the advantage of producing 
identical outlets from the small gastric pouch, regardless of who is 
operating. 

We would second the Ohio State group in recommending this 
technique for morbidly obese patients. Whether the long-term 
results will equal the encouraging early results remain to be 
seen. 

Have the authors tried gastroplasty rather than gastric bypass, 
and in the nine patients whose staple lines broke down, did you use 
hyperalimentation before you did the T/GB? 

CHARLES E. YALE, MD, Madison, Wis: At the University of 
Wisconsin Medical Center, one third of 60 patients in whom we did 
a Scott-type JIB between 1972 and 1977 have now been reversed. 
We expect that the authors’ estimate of 20% takedown of JIB may 
be fairly conservative. 

Some of our patients did very well for several years and then 
uncontrollable generalized arthritis or recurrent urinary stones 
developed. However, some of our patients with JIB continue to do 
very well. It has been difficult to predict the results in a given 
patient. 

We have now reversed the JIB and simultaneously performed a 
GB in several patients with generally gratifying results. However, 
morbid obesity is a psychosocial disease, and no, amount of 
mechanical intervention is going to succeed with some of these 
patients. The smallest gastric pouch and the tightest gastrojeju- 
nostomy is unlikely to control the weight of a compulsive, high- 
calorie liquid drinker. 

How do the authors select their patients for a reversal of the JIB 
and a concomitant GB, especially those patients who have had a 
relatively poor weight loss after JIB? 

CLAUDE H. ORGAN, MD, Omaha: The ideal management for 
exogenous obesity has long been known but seldom used. The ideal 
operation for obesity should (1) be technically uncomplicated, (2) 
avoid severe electrolyte and nutritional problems, (3) avoid rapid 
gastrointestinal transit time, (4) allow for a controlled weight 
reduction, and (5) avoid single and multiple organ failure. 

Since our initial report in June 1976 of our intestinal and bypass 
revisions in Surgery, Gynecology, and Obstetrics, we have found in 
updating our data that the ratio has basically remained the 
same. 

Patients requiring revision of the original bypass procedure for 
whatever cause demand the strictest type of preoperative evalua- 
tion, and we have found that when these failures do occur, by 
meticulous attention particularly to the patient’s nutritional 
status, we have been able to reduce this number to almost half. 

When the indications for revision exist, several options are 


available to the surgeon that should be properly fitted to the 


metabolic, emotional, and physical requirements of the patient. 

These procedures include, (1) complete revision with return of 
gastrointestinal continuity to normal; (2) shortening of the bypass 
procedure with or without jejunal and/or ileal resection, (3) 
conversion of an end-to-side to an end-to-end anastomosis with 
reimplantation of the blind segment of the jejunum into the 
appropriate part of the colon, (4) conversion of the jejunocolic 
bypass, if it exists, to a jejunoileal bypass; (5) conversion of an 
end-to-end and an end-to-side anastomosis; and (6) re-establishing 
gastrointestinal continuity with the employment of the gastric 
bypass. 
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Of our nitial 158 patients, 16 or approximately 10% have 
required seme type of revision in a follow-up period that has 
ranged from two to 11 years. Our results are as follows: we base 
our results on (1) the ponderal index, (2) diarrhea and (3) 
metabolic abnormalities. Of these 16 revisions, seven showed 
excellent results; three, good to satisfactory results: and six 
represented absolute failure. 

Finally, one of these revisions requires special consideration, 
because of the spouse who requested "Please rehook my wife up. I 
cannot kee» up with her newly acquired sexual needs. Help!" This 
revision wzs successful. 

DR ALDEN: Dr Miller, we have performed takedown procedures 
on very few patients because of liver disease. However, at the 
same time we have not constructed the gastric bypass for them 
because the operation described here has been reserved for people 
in relatively good health. Our patients have had complicetions that 
they cannat tolerate, but they are not at death's door. 

Regarding the patients who continue to be fat despite either 
operation, we recognize that there are those who will beat us at our 
game. Part of the preoperative discussion with each pat ent is the 
statement, "We know you can beat us if you want to try.” 

Dr Lieclty, in gastroplasty we haven't had any experience in 
removing a few staples from the TA-90 suture line. Cne of the 
reasons is hat we don't like the idea of violating that staple line 
because we have seen some patients who have experienced failure 
after the combined operation. Such failure starts with a rather 
small leak -hat expands to a large leak, and the incompetent staple 
line becomes more widely patent. So, we have switched -o doing a 
gastroplasty with a gastrogastrostomy, but we don't haze enough 
experience with this procedure to tell whether it is gcing to be 
good or bad. I think it will take about two years befo-e we can 
make a warthwhile comment on it. 

We only used hyperalimentation in one patient. I -hink if a 
patient requires hyperalimentation, the operation should be 
staged anc not done all at once. 

Dr Yale, we agree with everything you have said. Actually, 26% 
of our JIF patients have undergone takedown, and taat list is 
growing. 

The striking thing about this situation is that patients you once 
thought were your successes and that you welcomed to your office 
because it cheered you up to think you had done some-hing well 
come back ater and they are not well any more. They ar2 depleted 
patients w th kidney stones who have gone to other physicians in 
the meantime, so I think our list of the jejunoileal bypass 
takedowns will continue to grow. 

The selection of takedown patients, in my mind, aas to be 
liberalized. To select patients only on the basis of such serious 
things as -ecurrent kidney stones or uncontrollable d arrhea or 
liver disease or arthritis, you name it, is one thing, but there is an 
indefinable problem with these people. In many instances they are 
not energetic healthy people after they have had an intestinal 
bypass. 

Frequently, they are unable to complete a full day's work. They 
are unable to enjoy life. They go home, go to bed early, withdraw 
from other things. Truly they are thin, but they are not strong and 
healthy. 

People as young as they are in this group expect to live perhaps 
another 40' years in this condition, and this is just a little too much 
to expect ef them. I hope we can see these patients earlier and 
liberalize cur indications for taking down the intestinal bypass. 
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Intestinal Strangulation in 


Germfree and Monocontaminated Dogs 


Charles E. Yale, MD, DSc, Edward Balish, PhD 


e Earlier studies in the germfree rat demonstrated that the 
common intestinal bacteria vary greatly in their ability to cause 
death after intestinal strangulation. Some of these experiments 
were repeated in adult, germfree and monocontaminated 
beagies. Neither short closed-loop hemorrhagic nor long closed- 
loop ischemic strangulation killed the germfree dog. Either 
procedure rapidly killed the dog with a conventional bacterial 
flora or a dog monocontaminated with Clostridium perfringens. 
The dogs monocontaminated with Bacteroides fragilis died after 
several days, whereas Escherichia coli killed only one of three 
animals. These experiments demonstrate the usefulness of the 
germ'/ree dog as a unique research subject, confirm our earlier 
studies on in:estinal strangulation in germfree rats, and further 
emphasize the differing lethal potentials of the intestinal bacteria 
in intestinal strangulation. 

(Areh Surg 114:445-448, 1979) 


has been postulated that patients with intestinal stran- 

guiation die because of any one or a combination of the 
following conditions: (1) septic shock due to the release of 
the intestira bacteria into the peritoneal cavity; (2) hemor- 
rhagi* shock secondary to blood loss into the lumen of a 
long segment of hemorrhagically strangulated intestine; 
(3) absorpt:on of lethal factors from free intraperitoneal 
stool; and (4) absorption of toxic materials from the 
autolysis of the strangulated intestine. Studies in the 
germ-ree rat with closed-loop intestinal strangulation, in 
which the intestinal continuity was restored by an end- 
to-end anastemosis,? have shown that with the elimina- 
tion of sepsis (1) rats live indefinitely after hemorrhagic 
strangulation of up to 15%, or ischemic strangulation of up 
to 75%, ef tae length of the small intestine; (2) rats die of 
hemorrhagiz shock if more than 15% to 20% of the small 
intestme is hemorrhagically strangulated; (3) stool from 
the germfree rat is lethal after the intraperitoneal injec- 
tion of 10 mL/kg of body weight; and (4) autolysis of up to 
75% of the ischemically strangulated intestine is not lethal. 
Control rats vith a conventional intestinal flora uniformly 
and rapidly died with intestinal strangulation, which 
demorstrated that in the rat model, the intestinal bacteria 
were zn important cause of death. 
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Subsequently, a large number of studies were done in 
which a closed hemorrhagically or ischemically strangu- 
lated intestinal loop in a germfree rat was monocontami- 
nated at operation with one of several strains or species of 
bacteria.’ It became clear that there were great differ- 
ences in the relative importance of some species of bacteria 
as a lethal factor in experimental intestinal strangulation 
in the rat. These studies in the rat needed to be confirmed 
in other animal models. 

The germfree dog is a unique subject that has been 
rarely used in experimental medicine because of the diffi- 
culty and expense of obtaining the animal. Equipment has 
now been designed, fabricated, and tested that enables one 
to safely and efficiently rear and operate on the adult 
germfree dog. In 1965, Thomas et al* reported that 
germfree dogs survived 100 hours after simple obstruction 
and hemorrhagic strangulation of a 15-cm long segment of 
ileum. In contrast, the conventional dogs died 15 to 37 
hours after strangulation. There have been no subsequent 
reports of intestinal strangulation in germfree dogs. 

The purposes of the present study were (1) to determine 
the relative importance of the intestinal bacteria in intes- 
tinal strangulation in the dog by comparing the longevity 
of adult, germfree, conventional and monocontaminated 
dogs with either hemorrhagic or ischemic closed-loop intes- 
tinal strangulation, and (2) to correlate the results of 
intestinal strangulation in dogs with the previous data in 
germfree and monocontaminated rats. 


SUBJECTS AND METHODS 
Subjects 


Twenty-seven germfree, purebred beagles, 6 to 12 months of 
age, were raised at the University of Wisconsin Gnotobioties 


Laboratory, Madison, for these experiments. The 13 female and 14 


male dogs had average weights of 11.4 and 12.5 kg, respectively, at 
the time of operation. Eleven animals were kept germfree 
throughout the experiments, nine were purposely monocontami- 
nated at operation, and seven were conventionalized approximate- 
ly three weeks preoperatively by feeding :hem feces from a 
purebred beagle with a conventional fecal flora. Three of these 
conventionalized, former germfree beagles died preoperatively 
from abscesses that resulted from attempts to draw blood from 
their femoral veins. 

Four purebred beagles with a conventional fecal flora were 
purchased from a commercial breeder, who had also supplied most 
of the date-mated bitches from which the germfree pups had been 
harvested. The two female and two male beagles were 7 to 8 
months old and weighed an average of 8.0 and 9.5 kg, respectively. 
Six mixed-breed dogs with a conventional intestinal flora were 
conditioned at the University of Wisconsin Medical School Animal 
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ATCC 3624 
O55:B5 


Clostridium perfringens 
Escherichia coli 





Care Facilities, Madison, prior to operation. The four female and 
two male dogs weighed an average of 11.9 and 13.4 kg, respective- 


ly. 


Operations 


All of the dogs were housed preoperatively and postoperatively 
in lightweight stainless-steel isolation chambers, and all were 
operated on inside a sterile operating isolator.’ The dogs were 
anesthetized with intramuscular pentobarbital sodium (35 mg/kg 
of body weight), and an endotracheal tube was inserted, the 
abdomen was shaved and washed, and the peritoneal cavity was 
entered through a midline abdominal incision. One of two separate 
operations was done on each dog. In the first type of operation, a 
20-em segment of terminal ileum, located 50 cm proximal to the 
cecum, was isolated by dividing the bowel between clamps at the 
distal and proximal ends of the test segment and by closing the 
ends of the segment with an inner layer of continuous No. 3-0 
chromic catgut and an outer layer of interrupted No. 3-0 silk. The 
venous return from this isolated closed loop was then ligated with 
No. 3-0 silk, which caused a hemorrhagic strangulation, and either 
10 mL of sterile normal saline solution or 10 mL of the bacterial 
suspension to be tested was injected into the lumen of the test 
segment through a No. 30 needle. The continuity of the intestinal 
tract was restored by an inverted end-to-end anastomosis with No. 
3-0 silk, and the abdominal wall was closed in two layers with 
continuous No. 0 and 3-0 polypropylene sutures. 

In the second type of operation, the total length of the jejunum 
and ileum was measured along the mesenteric border of the gently 
stretched bowel. A test segment that was half the measured 
length of the jejunum and ileum was isolated by dividing the 
bowel between clamps at the distal and proximal ends of the 
segment. This segment was 120 to 160 cm long and ended distally 
50 cm proximal to the cecum. The ends of the test segment were 
closed as previously described and both the arterial and venous 
blood supplies of the segment were ligated, which produced an 
ischemic strangulation of this long closed loop. Ten milliliters of 
either sterile normal saline solution or the test suspension was 
injected into the test segment. The continuity of the intestinal 
tract was restored, thus bypassing the test segment, and the 
wound was closed as previously described. 

Postoperatively, the dogs were kept for a day or so in the 
intensive care isolator’ and were given feed and water ad lib. The 
survivors were kept in their housing isolators until they died or 
were killed four to eight weeks after operation. 


Cultures 


Some of the characteristics of the three strains of bacteria used 
to monocontaminate some of the germfree dogs at operation are 
summarized in Table 1. Bacteroides fragilis, Clostridium perfrin- 
gens, and Escherichia coli were grown separately on peptone- 
glucose-yeast extract broth for each experiment. The initial 
concentrations of the suspensions varied from 10° to 10'* viable 
cells per milliliter, and the final concentrations at the end of the 
operations had decreased by less than one log. 

The morphological and biochemical characteristics of each 
species were verified prior to use and at the conclusion of the 
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Table 1.—Characteristics of the Bacteria 


Gram Stain 


Bacteroides fragilis VPI 9032 x Strictly anaerobic 





Shape Oxygen Requirements 






Anaerobic 
mod Aerobic, facultatively anaerobic 









experiments? The isolators were monitored for accidental contam- 
ination at weekly intervals throughout the experiments, as 
previously described.’ Throughout these complicated experiments, 
the germfree dogs remained germfree, and the monoeontami- 
nated dogs remained appropriately monocontaminated, without 
exception. 


RESULTS 


All of th» dogs were suitable for analysis. The results of 
short closed-loop hemorrhagic intestinal strangulation 
(Table 2) and long closed-loop ischemic intestinal strangu- 
lation (Taole 3) are almost identical. Four of the five 
germfree cogs with hemorrhagic strangulation and four of 
the six germfree dogs with ischemic strangulation lived to 
be killed four to eight weeks later. All had regained their 
preoperative weights and appeared healthy at death. Two 
of the gernfree dogs with ischemic strangulation died 12 
hours after operation. At autopsy, the long test segment 
was noticeably hemorrhagic, which indicated that the dogs 
died of blcod loss into the test segment that had not been 
properly Schemically strangulated. The survival of the 
germfree logs contrasted dramatically with the uniformly 
fatal resu& of intestinal strangulation in the conventional- 
ized (formerly germfree) beagles, the conventional 
beagles, end the mixed breeds. All of the dogs with a 
conventioaal intestinal flora died between ten and 81 hours 
after operation. In spite of the fact that three of the seven 
germfree dogs that were fed conventional feces died of 
abscesses secondary to attempts to draw blood from their 
femoral v2ins, the four dogs that survived to be operated 
on lived zbout as long as the well-conditioned, purebred 
beagles with conventional fecal flora. This attests to the 
generally healthy condition of the germfree dogs. All six of 
the conditioned mixed-breed dogs died ten to 20 hours 
after ope-ation. 

The dogs that had their strangulated loops monocontam- 
inated with C perfringens died 12 to 17 hours after 
stranguletion. These results contrasted sharply with those 
of two degs monocontaminated with B fragilis that lived 
156 hours, and the three dogs monocontaminated with E 
coli, in which two of the three lived until killed, the third 
one livinz 180 hours after operation. It is clear that under 
these experimental conditions, there are sharp differences 
in the reħtive lethality of these three species of bacteria in 
dogs wita closed-loop intestinal strangulation. 


COMMENT 


Large zermfree animals have rarely been used in surgi- 
cal research. They are difficult to house, time-consuming to 
raise, amd, therefore, relatively expensive. The germfree 
dog is a particularly valuable experimental animal to the 
surgeon because (1) there is a large amount of comparative 
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Tabie 2.—Hemorrhagic Strangulation of a 
Short (20-cm) Closed lleal Loop 












Survival Time 
of Individual 


Intestinal No. of 
Dogs, hr* 


Flora Dogs 









Conventionalized 
(previously germfree) 


Escherichia coli 


*Nummer in parentheses indicates number of dogs killed four to eight 
weeks after operation. 


experimental data available on the conventional dog; (2) 
the organs are large enough so that the surgical techniques 
used ir operating en the dog are similar to those used in the 
human and (8) sizable blood and tissue samples can be 
sequertially cbtamed throughout an experiment without 
causin» the dog's death. In a study of intestinal strangula- 
tion, tae germfree dog's blood, its strangulated intestine, 
and the exudates from the strangulated intestine can be 
sampled with time in sufficient quantities for accurate 
analysis witheut resorting to microanalytical techniques. 
The cost of zhe adult germfree dog will not allow it to be 
used in a large number of screening experiments. It is, 
however, a practical, unique, and valuable research tool for 
confirming the results of biological experiments in less 
costly animal models. 

The results of these studies on intestinal strangulation 
in the germfree dog confirm our previous studies in the 
germfree rat. Although hemorrhagic strangulation of a 
long segment of intestine results in death because of blood 
loss, tae autclysis of a long segment of bacteria-free 
intestine in che rat or dog does not produce lethal materi- 
als. Rats anc dogs with a conventional intestinal flora and 
intestinal strangulation always die. The intestinal bacteria 
are unquestionably a major lethal factor in experimental 
intestina! strangulation. 

The lethality of many different strains and species of 
bacteria in intestinal strangulation have been studied in 
the mcnecortaminated rat with either short-loop hemor- 
rhagie or long-loop ischemic intestinal strangulation. The 
results of some of these studies?^^ are listed in Table 4. In 
general, either type of strangulation in the monocontami- 
nated rat yielded similar results. The lethality of the 
operation cam be gauged by the fact that 86% of 144 
germfree rats with ischemic or hemorrhagic strangulation 
survived to be killed two to four weeks after operation. 
Some of the bacteria, such as C perfringens and E coli, 
were studied mueh more extensively than others. It is 
clear, however, that single species of bacteria vary greatly 
in their abilizy to cause death after intestinal strangulation 
in the rat. bactereides fragilis, Lactobacillus acidophilus, 
or Streptococcus faecalis seemed relatively innocuous when 
compared witn the nearly uniformly fatal results after 
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Table 3.—Ischemic Strangulation of a Long 
(50% of Jejunum and Ileum) Closed Jejunoileal Loop 


Survival Time 
of Individual 
Dogs, hr* 


Intestinal No. of 
Flora Dogs 


Germfree 12, 12, (4) 


Conventionalized 
(previously germfree) 


Conventional 


2 E 
Mixed breed Conventional 3 13, 14, 16 


Bacteroides fragilis 156 
Clostridium perfringens 
Escherichia coli 


*Number in parentheses indicates number of dogs killed four to eight 
weeks after operation. 





Table 4.—Hemorrhagic and Ischemic Closed-Loop . 
Strangulation in Germfree and Monocontaminated Rats 





No. of 






No. of Survivors 
intestinal Flora Rats (%)* 
Germfree 144 - 124 (86) 





Klebsiella pneumoniae 12 12 (100) 
Bacteroides fragilis Te- 11 (92) 











Clostridium novyi 12 11 (92) 
Streptococcus faecalis 12 11 (92) 
Staphylococcus aureus, phage 
type 80/81 12 10 (83) 
L bifidus 12 7 (58) 
Clo perfringens 120 1 (1) 
Clo histolyticum 12 0 (0) 
Pseudomonas aeruginosa 12 0 (0) 








*Rats killed two to four weeks after operation. 


monocontamination with Proteus vulgaris, C perfringens, 
or Pseudomonas aeruginosa. The presently reported, 
limited studies of intestinal strangulation in the monocon- 
taminated dog support the results of the monocontami- 
nated rat experiments by showing marked differences in 
the relative pathogenicity of some of the common intesti- 
nal bacteria. Clostridium perfringens caused the rapid 
death of both rats and dogs with intestinal strangulation. 
Bacteroides fragilis was more lethal in the dog than E coli, 
whereas the reverse was true in the rat, but neither species 
was as lethal in either animal as C perfringens. 

The human intestinal flora consists of many species of 
bacteria. The number of species and their concentrations 
undoubtedly vary from time to time. Many of the strict 
anaerobes, although present in the intestine, are probably 
never grown in our clinical laboratories. The relative 
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importance of some of these bacteria in intestinal strangu- 
lation has now been studied in pure cultures in animals. 
There is, however, almost no information on the interae- 
tion of two or three species of bacteria in experimental 
intestinal strangulation. Some species of bacteria may 
enhance or retard the pathogenicity of others, and the 
complexity of the interactions of the kinds and quantities 
of the bacteria in the human intestine with strangulation is 
difficult to imagine. Experiments of the type reported in 
this article are a start toward unraveling this complex 
problem. If, for example, it can be shown that in the 
intricate intestinal flora, certain species such as C 
perfringens or Ps aeruginosa retain their ability to cause 
early death in an animal with intestinal strangulation, 
then vigorous, early primary antibiotic therapy directed 
toward these organisms should result in increased survival. 
The slower-acting and less-lethal organisms can be treated 
just as appropriately with secondary antibiotic regimens. 
A better understanding of the relative importance of the 
intestinal bacteria under these complex conditions should 
lead to a more effective treatment of the septic phase of 
human intestinal strangulation. 
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Discussion 


ANN KosLoskEÉ, MD, Albuquerque, NM: Clinical application of 
the basic research such as Dr Yale has presented may be years in 
coming, but I think we may have one in pediatric surgery right 
now. This is not a germfree subject. This is an infant with 
necrotizing enterocolitis. We have just completed a study at the 
University of New Mexico in which we looked for bacterial 
pathogens in this disease. We sampled the peritoneal fluid preo- 
peratively by paracentesis. The specimen, taken by needle punc- 
ture, is transported immediately to the laboratory where it is 
plated on multiple media, including selective media for anaer- 
obes. 

There were 12 infants who had gangrenous intestine during the 
period of this study. All 12 were operated on. Seven of the 12 had 
clostridia. Five had no clostridia but had other bacteria, usually 
Gram-negative rods. | 

When we compared the two groups, the babies with clostridia 
were much sicker. The gangrene was very extensive, and all the 
deaths (four) in the series were in the group with clostridia. In 
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contrast, »f the five babies who had Gram-negative rods and no 
clostridia, all survived after resection of a short, well-demarcated 
segment cf intestinal gangrene. 

When € perfringens was cultured, the disease tended to be 
fulminant, with rapid progression of gangrene, early perforation, 
and death. | 

Whenever we grew clostridia from the peritoneal fluid, with one 
exception. we were able to document the presence of Gram- 
positive rods in the wall of the intestine resected at operation. 
These are the rods in the muscularis. The mucosa has sloughed 
away. 

In our »abies with necrotizing enterocolitis, as in Dr Yale's 
germfree beagles, C perfringens was the most lethal bacterium, 
whereas Klebsiella and Bacteroides were more innocuous. Now all 
we must co is figure out how to stop the clostridia. I think there 
are probally many more applications of this important research in 
surgery. 

JERRY M. Snuck, MD, Albuquerque, NM: Dr Yale has been 
developing these experimental models since we were residents 
together. ] have watched this work for about 18 years. He now has 
come full «ircle with a canine preparation: the germfree beagle. 

These mew data, however, parallel his rat model data, and I 
would like to ask him to discuss the cost-effectiveness of continu- 
ing with tae germfree dogs. In view of his presentation (also the 
report doeiments the lethality of the same troublesome bacteria - 
seen in humans), I wish Dr Yale would please comment on the 
rationale and selection of preoperative antibioties in bowel 
obstruction. 

Dr Yarg: We noted a number of years ago (1967) that we 
frequently saw pneumotosis cystoides intestinalis (PCI) after 
intestinal strangulation in the rat monocontaminated with C 
perfringers. We have never seen PCI in the germfree animal or in 
any animal monocontaminated with any microorganism other 
than the elostridia. Since PCI is frequently seen in the severe 
necrotizing enterocolitis of infancy, we, too, believe there is a 
relationsh p between the clostridia and necrotizing enterocolitis. 

Dr Shuex, the germfree rat is a good in vivo screening device. It 
is relatively cheap, but I do think that we need a dog to 
occasional y confirm our results. Man is not a dog, and he is not a 
rat, but from a surgeon's point of view, I do think we are maybe a 
little close7 to a dog, as our tissues look more like those of a dog to 
me. There are some differences in the results in different animals. 
After intestinal strangulation, we rarely saw a death in the rat 
after morocontamination with B fragilis, but the germfree 
beagles monocontaminated with B fragilis died approximately 
seven days after intestinal strangulation. 

Now, the difficult question of treatment. Our data show that 
intestinal strangulation in animals is indeed fulminating and that 
some bact2ria are much more virulent than others. If C perfrin- 
gens is present, I think the only way to save the patient is to 
operate immediately. You should start broad-spectrum antibiotics 
as soon as possible. They should be given intravenously in large 
doses. If you are fortunate enough to have an intestinal strangu- 
lation or a bowel obstruction in which E coli or some of the 
slower-act ng anaerobes, eg, B fragilis, predominate, you may 
have a littk more time. However, we all know you must eventually 
operate or a patient with intestinal strangulation. 

To date, we have not studied the effect of antibiotics in 
experimertal intestinal strangulation. I don’t know the best 
combinatien of antibiotics to use, but we do use a lot of clindamy- 
cin and gentamicin in our institution. 

William Altemeier, MD, and Robert Hickey, MD, provided 
stimulating help and advice over the years as we progressed in our 
studies of strangulation in germfree and monocontaminated 
animals. 
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Techniques of Splenic Conservation 


Leon Morgenstern, M D, Stephen J. Shapiro, MD 


e The scope cf surgical procedures on the spleen has under- 
gone a dramatic change in the past few years. Efforts directed 
toward splenic preservation have intensified with the emerging 
realization that sepsis is a sequela not to be ignored in asplenic 
subjects. Successful operations on splenic parenchyma require 
modifiec technicues of exposure and mobilization of the spleen. 
The segmental vasculature of the spleen makes possible 
controlled resection of traumatized or diseased segments of 
parenchyma. Hemostatic measures include the use of metal 
clips, lication of small intrasplenic vessels, and application of 
topical agents for residual surface bleeding. With the use of such 
techniques, conservative splenic surgery is possible in minor 
and major splenic trauma, splenic cysts, and selected pathologic 
states ir the spleen. 

(Arch Surg 714:449-454, 1979) 


pidum procedures on the spleen have undergone a 
O) dramatie change within the last two decades. Efforts 
directed toward splenie preservation have intensified with 
the realization that diminished immunologic competence 
and overwhelming sepsis are sequelae that cannot be 
ignorec in asplenie subjects, regardless of the age of the 
patient or the time interval since splenectomy.'* 

Para leling the renewed interest in splenic preservation 
has been the development of new instruments, surgical 
techniques, and topical hemostatic agents, which have 
permitzed surgical procedures on the spleen that until a 
short time ago were regarded as heretical departures from 
accepted surgical principles. 

It is the purpose of this report to describe the details of 
the techniques that make procedures involving splenic 
parenchyma feasible and safe. 


MATERIAL AND METHODS 


The sargical techniques described below were developed in over 
200 animal experiments involving dogs, pigs, rabbits, monkeys, 
and baboons. 

In human subjects, the techniques represent the cumulative 
experience acquired from six partial splenectomies, one splenic 
repair, and 37 repairs of iatrogenic splenic injury. In addition, we 
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have reviewed the recent literature on splenie repair, splenic 
resection, and other conservative approaches to splenic surgery for 
additional methods and materials. 


Surgical Techniques 


Incision.— The incision must be designed to provide easy access 
to the spleen and to permit adequate exposure for atraumatic 
mobilization. In children, a generous subcostal incision affords 
good exposure and permits careful mobilization. In adults, partic- 
ularly in those with acute costal angles or a generous panniculus, 
we have found that the Kehr incision, which consists of a vertical 
midline component and a subcostal component extending to the 
anterior axillary line, affords optimal exposure (Fig 1). When the 
spleen is massively enlarged, either in child or adult, the vertical 
midline incision, extending from xyphoid to pubis if necessary, has 
proven superior to the subcostal incision. 

Splenic Mobilization.—Mobilization of the spleen to allow its 
placement onto the anterior abdominal wall is essential for splenic 
repair or partial resection. Too often the capsule of the spleen is 
stripped posteriorly or at the site of normal peritoneal attach- 
ments during mobilization. Extensive stripping of the capsule at 
this stage of the procedure not only results in excessive blood loss 
but may preclude successful splenic repair. 

To avoid capsular avulsion injuries, the peritoneal folds attached 
to the spleen that arise from the greater omentum, parietal 
peritoneum, splenic flexure of colon, gastrosplenic omentum, or 
diaphragm are divided by clips or sutures.* Most common are the 
folds that arise from the omentum in the left upper quadrant and 
attach to the lower pole of the spleen (Fig 2). Traction on the 
omentum in this region is the most frequent cause of capsular 
avulsion injury to the lower pole (Fig 3). Occasionally it may be 


necessary to divide the lowermost vasa brevia in the gastrosplenic - 


omentum before mobilization is attempted, especially when the 
gastrosplenie omentum is short and affixed to the splenic capsule. 
Failure to do so may result in capsular avulsion injury that extends 
into the hilum of the spleen. 

Once the attached peritoneal folds have been divided and 
ligated, the surgeon, standing on the right side of the supine 
patient, holds the spleen in the left hand. Exerting gentle traction 
on the spleen medially, to expose the posterior parietal peri- 
toneum, the surgeon makes an incision into the peritoneum at 
least 2 em long and lateral to the spleen. If the posterior peritoneal 
incision is made too close to the spleen, the danger of capsular 
avulsion is increased. 

Once the posterior parietal peritoneum has been incised parallel 
to the entire length of the spleen, the spleen is carefully mobilized 
toward the midline. This is accomplished by blunt dissecting 
maneuvers of the fingers of the left hand, elevating the spleen, 
pancreas, and lateral portion of the stomach to the level of the 
abdominal incision. Except for the division of the posterior 
parietal peritoneum, sharp dissection is not necessary for the 
medial mobilization of the spleen and pancreas. Care should be 
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Fig 1.—Kehr incision, with vertical and subcostal components, 
provides excellent left upper quadrant exposure. 


Fig 2.—Peritoneal folds from omentum to inferomedial pole of 
Spleen. These are anatomically the most common omentosplenic 


folds and most frequent cause of iatrogenic injury. 


Fig 3.—Typical capsular avulsion injury of lower pole of spleen. 


Extensive similar capsular avulsion injuries may occur if mobiliza- 
tion of spleen is not carefully done. 


taken to avoid undue traction on the spleen as it is being elevated, 
since the thin walled splenic veins or their branches may be torn 
posteriorly. 

Control of Splenic Vasculature.- When time permits, under 
controlled conditions, the splenic artery is identified as it courses 
above the pancreas, and a silicone vessel loop is passed around it 
for splenie artery occlusion if necessary. No attempt should be 
made to isolate the fragile splenie veins, since this will almost 
invariably result in troublesome venous tears. We believe that the 
use of vascular clamps for the temporary control of the splenic 
pedicle is traumatic to the arterial intima and may also result in 
venous injury. 
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Fig 4.—Color change, with sharp segmental delineation (arrow), 
after ligaton of segmental arterial supply to upper pole. 


With th? spleen fully mobilized and the splenic artery controlled, 
it is possible to carefully dissect the splenic arterial branches at or 
near the splenic hilum. The most constant branch is the superior 
polar artery, which arises one to several centimeters from the 
hilum as tne first branch of the splenic artery before it enters the 
spleen. For lesions of the superior pole, the superior polar vessel is 
doubly tied with 2-0 silk. Tying of the segmental arter” results in 
almost im mediate blanching of the dearterialized segment (Fig 4). 
Arteries to the lower pole of the spleen may be identified and 
ligated if ranching takes place outside the spleen. For lower pole 
lesions, if segmental arteries cannot be identified, it may be 
necessary to tie the main splenic artery distal to the superior pole 
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Fig 5.—5egmental arterial supply of spleen 
shown n human spleen. Pattern shown is 
bipolar (Sisegmental), but trisegmental 
and quacrisegmental divisions are also 
commcn. 


iua ix 


Fig 7.—Slit-like venous channel in divided splenic parenchyma 
(left arrow). Hemostatic control is achieved by continuous fine silk 
sutures. intrasplenic arterial branch is secured by metal clip (right 
arrow . 


artery after the latter has been identified. The segmental anato- 
my of the splenic arterial vasculature is variable, and sites of 
ligation depend on the mode of branching, the proposed transec- 
tion site, or, m traumatic cases, the nature and extent of the 
splenic laceration. The nature of the segmental vasculature in a 
humaa spleen is shown in Fig 5. 

Once the segmental branch or branches have been ligated and 
the line of ischemic demarcation shows clearly on the splenic 
surface, an incision is made by scalpel at the line of demarcation 
through the capsule and into the superficial splenic parenchyma. 

Cortre! of Parenchymatous Bleeding.—If excessive bleeding 
occurs as the initial incision is made, partial control may be 
achieved by temporarily occluding the splenic artery with the 
thum» and forefinger or by drawing taut the vessel loop around 
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Fig 6.—Segmental vein preserved in plane of segmental dissection. Tributaries 
have been tied or clipped. Note adequacy of hemostasis. 





Fig 8.—Technique of mattress suture placement through divided 
parenchyma. Sutures should be juxtaposed or interlocking. 


the splenic artery. As the plane of dissection advances through the 
splenic pulp, the unsheathed Poole suction tip or a Frazier suction 
cannula are invaluable in keeping the field dry and helping to 
identify individual vascular structures as they are encountered. 
Dissection may be done, much as in controlled hepatic resection, by 
using either the back of the scalpel handle, a peanut sponge, or the 
suction tip itself. As the vessels are encountered, they are singly or 
doubly clipped with metal clips and divided. Large segmental 
veins should be spared when identifiable in the intersegmental 
plane (Fig 6), and only the lesser venous tributaries should be 
clipped or ligated. Depending on the caliber of the vessels encoun- 
tered, either fine or medium clips are used. Large metal clips are 
reserved for larger segments of splenic capsule with attached 
parenchyma, as the final stage of resection is reached. 
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Fig 9.—Splenic remnant reposited in left upper quadrant, with 
microfibrillar collagen over divided surface. 


Following the transection of the splenic parenchyma, a number 
of bleeding sites will remain. These consist chiefly of smaller 
arterial bleeders or venous tributaries that have been cut tangen- 
tially, leaving slit-like venous channels that are linear, Y-shaped, 
or T-shaped (Fig 7). The arterial bleeders may be grasped with a 
vascular forceps and clipped with a fine metal clip if the vessel can 
be grasped and elevated. Clips should be applied parallel to the 
splenie surface. If the arterial bleeder cannot be grasped and 
clipped, it may be controlled by a figure-of-eight suture of 4-0 or 
9-0 arterial silk. Open linear venous channels are controlled by a 
running suture of 4-0 or 5-0 arterial silk. During the placement of 
these sutures, the friable parenchyma may give way, but the 
suture holds in the vessel wall. The residual sinusoidal bleeding can 
be controlled by topical hemostatic agents, as described later. 
When all parenchymal surface vessels are controlled, only a minor 
ooze should be present on the divided surface. This too is sinusoidal 
bleeding, and can be controlled by topical hemostasis. 

We have found that electrocautery is unsatisfactory for main- 
taining splenic parenchymal hemostasis. It may oceasionally be 
useful at minor capsular bleeding points or applied directly to the 
lesion (eg, a cyst) that is to be removed. Heat-induced coagulation 
necrosis poses the threat of delayed bleeding when the coagulum 
separates. 

In our experience, the most desirable suture material for suture 
of the splenic parenchyma is 2-0 chromic catgut, either on a 
straight or curved GI needle. If segmental ligature and individual 
vessel control has been ideal throughout the procedure, the 
placement of through-and-through parenchymal sutures is neither 
necessary nor desirable. However, if such control cannot be 
achieved because of incomplete transection or irregular fragmen- 
tation of the spleen, through-and-through parenchymal sutures 
are necessary for acceptable hemostasis. For linear cracks or tears 
a running locking suture of 2-0 chromic catgut on a curved GI 
needle is used. When mattress sutures are used for completely 
divided parenchyma, they should be placed with a straight GI 
needle (Fig 8) so that they interlock. It is not necessary to 
approximate the capsule of the splenic surfaces. Oozing from 
exposed parenchyma may be controlled by vascular sutures when 
vessels are identifiable or by topical hemostatic agents. Mattress 
sutures may be tied over pledgets of absorbable gelatin sponge, 
(Gelfoam), absorbable hemostat (oxidized regenerated cellulose) 
(Surgicel), or compressed microfibrillar collagen (Avitene). Such 
pledgets decrease the tendency of the suture to cut through the 
capsule as the suture is tightened. The “surgeon’s knot” is useful 
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in maintaining proper tension as the initial knot :s rendered 
taut. 

Topical Hemostasis.— The successful use of several topical hemo- 
static agents has been described for control of the bleeding splenic 
surface. These include gelfoam, surgicel, oxidized celulose (oxy- 
cel), and microfibrillar collagen. In our hands, microfibrillar 
collagen has been the most effective, versatile, and reliable topical 
hemostatic agent. It has an affinity for moist surfaces where the 
mechanism of action is platelet entrapment and activation. Prop- 
erly applied, it forms a firm, adherent, flexible coagulum. The 
substance is hypoallergenic, evokes minimal tissue reaction, and is 
absorbed within three to six weeks after application. 

Microfibrillar collagen must be applied with dry instruments 
and in a quantity sufficient to cover the bleeding surface to a 
depth of several millimeters. Compression by a dry sponge is 
immediately applied and sustained for three to five minutes. 
Breakthrough bleeding is managed by addition of more hemostat- 
ic agent. The material is best applied to a surface on which manual. 
pressure ar suction has reduced the surface blood flow to a mild or 
moderate ooze. It cannot be successfully applied to a surface 
immersed in a pool of blood since premature gelling of the collagen 
will result in lack of its adherence and no hemostasis will occur. 

We have applied microfibrillar collagen successfully in the 
control of 37 iatrogenic capsular avulsion injuries without a single 
instance of renewed bleeding. It has also been applied over large 
oozing parenchymatous surfaces, after resection of splenic cysts, 
splenic resections, and splenic repairs. 

In superficial cracks of the splenic parenchyma (linear or 
stellate), the parenchymal defect may be tightly packed with 
microfibrillar collagen for hemostasis. It is imperative that the 
entire depth of the crack be visualized and exposed so that the 
collagen may be in intimate contact with the bleedinz surface. 
Otherwise, an enlarging intrasplenic hematoma may result. As 
added assurance of hemostasis, a running, locking sutare of 2-0 
chromic catgut may also aid in apposing the separated surfaces. 

Replacement of the Spleen.—If a choice exists as to which 
remnant can be preserved, we believe the upper pole is a more 
suitable one, since it can be replaced more anatomically n the left 
upper quacrant against the diaphragm (Fig 9). The spleen should 
be replaced gently, then the adjacent viscera allowed to fall 
against it. The stomach, colon, and greater omentum will fall 
naturally over the replaced spleen. We have made it a routine 
practice to reinspect the spleen after ten minutes, for assurance 
that no bleeding has resumed or gone undetected. Only when 
complete hemostasis is achieved is the abdomen closed. 

Drainage.—We have made it a practice to drain all repaired or 
partially resected spleens for 24 to 36 hours. We do not believe that 
a short period of drainage appreciably increases the likelihood of 
infection. Ve have had no instance of subphrenic infection in any 
of the spleens so drained. The drain not only removes the 
serosanguireous fluid that exudes from the retroperitoneal 
surface during the first 24 hours, but also serves as a valuable 
indicator of renewed bleeding, should it occur. We have aot had a 
single instance of renewed bleeding. 

The type of drain is immaterial, as long as it is not a rigid 
tubular dram, which we assiduously avoid. Either a l-incF Penrose 
drain or a ‘at, silicone Jackson-Pratt drain serves the purpose 
equally well No antibiotics are used. 


Postoperative Observation 


Patient Care.—Patients are observed in the intensive eare unit 
for at least 24 hours at strict bedrest. After 24 hours, some 
mobility is permitted (sitting, standing, walking). Hospitalization 
need not be prolonged; the average length of hospital stey should 
approximate that for other major intra-abdominal precedures, 
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such as cholecysteetomy. 

Early pestoperetive studies include serial daily hemoglobin and 
hematocrit determinations. Splenie scans are useful within the 
first six months te determine size, position, and functional capac- 
ity of splerie r2mnants. Clinical and experimental studies have 
shown that at least 10% of the original splenic mass must be 
retained for prevention of hematologic abnormalities (thrombocy- 
tosis, abnormal RBCs); at least 25 g of splenic tissue is necessary 
for preservation of immunologic competence. 

Potential CompBications.—The most serious complication is imme- 
diate or delayed »ostoperative bleeding. This has not occurred in 
our cases-or in any of the cases we have surveyed in the literature. 
If hemostasis is seeure and surgical principles are strictly 
observed, there & no reason why renewed bleeding should occur 
more readily in the spleen than in any other parenchymatous 
organ. Subeapsuar hematoma with delayed rupture has not 
occurred im our cases nor has it been reported in other series. 

A minimal let pleural effusion is of no concern since it 
frequently follows any type of major splenic surgery. Subphrenic 
collection of stemle serous fluid requiring surgical drainage has 
been verbally reported to us, as has infarction of a splenic remnant 
after removal of an intrasplenic cyst. In the latter instance 
dearterializaticn was undoubtedly too extensive. In several of our 
patients a mild sense of discomfort persisted in the left upper 
quadrant for seweral weeks, but major symptoms related to the 
splenic repair or the splenic remnant have been absent. 


COMMENT 


The eonservative approach to splenic surgery is not a 
new concept A historical survey of the literature? on 
splenic repair, »artial resection, and procedures other than 
total splenectomy reveals that a surprising number of such 
operations were carried out in the 18th and 19th centuries. 
In 1867 Jules Péan* suggested a method of controlled 
segmental res»ction of the spleen in humans, based on 
segmental arterial supply. Unfortunately, his first attempt 
at resecting 2 large splenie cyst using these principles 
failed for lack of adequate hemostasis. The concept of 
segmental resection was also espoused by Volkmann, Von 
Esmareh, Fincchietto, and others. 

In the 20th eentury total splenectomy gradually became 
the procedure of choice for all splenic injuries and splenic 
pathology. Splenectomy became the treatment of choice 
for even the most minor of injuries, including small 
capsular avulsions incurred accidentally during other 
surgical procedures. | 

Nevertheless, efforts at splenic preservation continued 
during the 2Cth century. In 1910 W. J. Mayo reported 
successful saure of a spleen lacerated by a gunshot 
wound.* In 1952 Campos Christo pioneered partial resec- 
tion for trauria and reported eight cases so treated for 
traumatic injury.’ Partial splenectomy in humans has also 
been performed by Bourgeon and Mouiel for thoracic 
transposition of the spleen in the treatment of portal 
hypertension, and by Morgenstern (1966) in the treatment 
of massive splenomegaly secondary to myeloid metapla- 
sla.” 

In the 1970s there has been a dramatic increase in the 
number of procedures performed for splenic salvage. 
Successful surgical repair of the injured spleen has been 
reported by Furrington,^ La Mura et al," Ratner et al,” 
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and others. Verbal communications to the authors on the 
frequency of such successful repairs or resections for other 
conditions place the number of such procedures well above 
300. 

The indications for conservative splenic surgery include 
(1) trauma, (2) benign lesions involving only a segment of 
spleen, such as cysts or hamartomas, and (3) selected 
pathologie states, such as Gaucher's disease, myelofibrosis, 
and as part of staging procedures in lymphoma. These 
indications apply particularly in children, but also apply in 
adults. We believe that partial splenectomy or repair is not 
indieated in cases where there are severe multiple intra- 
abdominal injuries or when marked peritoneal contamina- 
tion is present due to visceral perforation. We also believe 
that except for unusual cireumstances (such as may exist in 
certain hematologic conditions) the operations as described 
should not be done in the elderly. However, we feel that at 
all ages below 50, and most particularly in children, teen- 
agers, and young adults, the spleen or a remnant thereof 
should be preserved, so that immunologic competence and 
resistance to sepsis are retained. Prevention of postsplen- 
ectomy thrombosis is also a valid secondary reason for 
splenic preservation. 

The main purpose of this article has been to show that an 
understanding of the segmental splenic anatomy, coupled 
with modern surgical techniques, allows the surgeon to 
consider procedures on the spleen other than total splenec- 
tomy. If properly performed, such procedures are both 
feasible and safe. 

Galen called the spleen an “organ of mystery.” We hope 
that the portion of the mystery concerned with surgical 
management of the spleen has diminished and will dimin- 
ish further as surgeons learn and practice the proper 
techniques of splenic preservation. 


Pamela Fall, Gayle Ehrenhalt, and Barbara Abrahams provided research 
assistance. The spleen specimen (Fig 5) was prepared by Barbara Abra- 
hams. 
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Discussion 


JAY L. GROSFELD, MD, Indianapolis: Dr Morgenstern and his 
group in Los Angeles are to be commended for their presentation 
concerning this approach to the management of splenic trauma. 

Splenic salvage is a topic of particular importance to physicians 
who treat children, since overwhelming postsplenectomy infection 
seems to be more common in the younger child. 

In National Institutes of Health review, Robinette and Fraume- 
ni evaluated the cases of World War II veterans who had had their 
spleens removed between 1939 and 1944 and were followed up 
during a 30-year period. This retrospective study demonstrated 
that overwhelming postsplenectomy sepsis can occur in adults as 
well. There was a marked increase in mortality due to pneumonia 
in the group of patients who had undergone splenectomy. In 
addition, an increased incidence of myocardial infarct was also 
observed. 

Robinette and Fraumeni suggested that an increased platelet 
count might have been responsible for the latter finding, but that 
was rather conjectural. 

Our own experience both in the laboratory and in clinical 
instances suggests that the spleen is amenable to surgical repair. 
Splenic biopsy is also feasible, and there are some groups doing 
partial splenectomy for staging of patients with Hodgkin’s 
disease. 

During the last four years at our Children’s Hospital, no child 
has required complete splenectomy for splenic trauma. All have 
had injuries that responded to primary surgical repair, in much the 
Same manner as outlined by Dr Morgenstern and his associates. 

Overwhelming postsplenectomy sepsis probably affects only 1% 
to 2% of children following splenectomy for trauma. While 98% of 
patients would have no worries, splenic salvage seems like a 
reasonable alternative to complete splenectomy and would obviate 
the risk. 

Present information indicates that there is a risk factor that 
persists for the rest of the patient’s life. Long-term follow-up of 
patients who have had splenectomies is needed. If a total splenec- 
tomy is performed for other reasons (especially hematologic), we 
routinely administer pneumococcal vaccine. 

We have not drained patients with primary splenic repair—a 
drain is unnecessary. Hemostasis is quite readily attained follow- 
ing suture repair, and microfibrillar collagen has also been effec- 
tive in our hands in instances of surface oozing. 

Dr Morgenstern and his group have been leaders in the area of 
splenic salvage and their innovative efforts should be commended. 
Splenorrhaphy is a standard procedure in most of the major 
children’s hospitals at this time. 

Tom D. THROCKMoRTON, MD, Des Moines, Iowa: I have one small 
pearl to offer. I am a bit awkward, and to suture a rent in the 
injured spleen has always been a difficult thing. However, if you 
run several No. 18 spinal needles through the spleen and hit each 
one lightly with the cautery, you will develop a lightly charred 
track. Then, if suture material is run through the spinal needle and 
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the needle withdrawn, the suture lies in a firm tract, allowing it to 
be tight»ned without cutting into the splenic substance. I think 
you will be surprised at the ease with which this little maneuver 
adopts itself to lacerations of either the liver or spleen. 

WiLLI-M F. PoLLock, MD, Santa Monica, Calif: I want to ask Dr 
Morgenstern two questions. 

One, a few years ago, he and his associates offered a technique 
for the centrol of splenic bleeding using gold foil with some special 
antistati* paddles that they had developed. I wondered what the 
current status of that research might be. The second question is, 
the commonest cause of splenic injury found by everr study that 
has ever been done is iatrogenic and usually associated with 
vagotom? or procedures done in and around the esophagogastric 
junction. What has your experience been with the splenic injuries 
associated with the use of the Weinberg retractor and other 
similar irstruments? I would like to know whether it is possible to 
save som» of the spleens that have been injured in the course of 
using retractors in the left upper quadrant. 

DR MORGENSTERN: I am disappointed. I expected much more 
argumen... 

I thank Dr Grosfeld for his very kind comments and will say that 
the question of partial splenectomy in Hodgkin's disease is now 
being act vely investigated by a national study group Investiga- 
tors at the Mayo Clinic have shown that there is an 11.6% error 
rate in partial splenectomy for staging if one pole alone is 
resected. 

However, there are groups throughout the eountry that are 
doing par-ial splenectomies because it has been demonstrated that 
the sepsis rate in patients with Hodgkin's disease who have 
undergon? splenectomy is nearly twice that of patients who have 
not had a splenectomy. 

The organisms, as have been mentioned, are pneumonococeus, 
Hemophil-a influenzae, meningococcus, streptococcus, end staphy- 
lococcus. 

Dr Thrcekmorton, I thank you for the pearl, but I mast hand it 
back to ycu because I really don't believe in the use of cautery on 
the spleer. I think it is one of those organs that should not be 
cauterizec, because when the coagulum sloughs off, the sequelae 
may be catastrophic. 

Dr Polleck, your point about iatrogenic injuries is a very good 
one. We hzve saved 37 spleens to date from iatrogenic injury, and I 
regard it rarely necessary to take out a spleen for miner capsular 
avulsion injury. In a survey in our hospital we found, as in other 
hospitals throughout the country, that the incidence of iatrogenic 
injury as € reason for splenectomy was as high as 25%. That figure 
should be seduced to near zero, I think, with current techniques. 

We have abandoned gold foil as a hemostatic agent since better 
methods cf hemostasis are now available. When I dii my first 
partial spenectomy in 1965, we used cyanoacrolate monomer. 
However, -hat was never approved by the Food and Drug Admin- 
istration and has not been used for over a decade. 
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Systems of Trauma Care 


A Study of Two Counties 


John G. West, MD; Donald D. Trunkey, MD; Robert C. Lim, MD 


e Cases of motor vehicle trauma victims who died after arrival 
at a hospital were evaluated in both Orange County (90 cases) 
and in San Franciscc County (92 cases), Calif. All victims in San 
Francisco County were brought to a single trauma center, while 
in Orange County they were transported to the closest receiving 
hospital. Appreximately two thirds of the non-CNS-related 
deaths and one third of the CNS-related deaths in Orange County 
were judged by the authors as potentially preventable; only one 
death in San Francisco County was so judged. Trauma victims in 
Orange County were younger on the average, and the magnitude 
of their injuries was less than for victims in the San Francisco 
County. We suggest that survival rates for major trauma can be 
improved by an organized system of trauma care that includes 
the resources of a trauma center. 

(Arch Surg 114:4£5-460, 1979) 


y? collected ia 1966 by the National Research Council 

have clearly lemonstrated the need for improvement 
in the care of critically injured trauma victims in the 
United States." Numerous studies have shown that a large 
percentage of trauma deaths is preventable.’ More 
recently, several states and local regions have developed 
systems of trauma care. Their data suggest that this has 
resulted in an improved survival.**'’ 

It is generally agreed that the basis of any trauma care 
system includes optimal resuscitation and rapid transport 
from the scene of an accident to an appropriate hospital 
that can provide Gefinitive care. There is controversy over 
what constitutes <n appropriate hospital. 

This report compares the results of trauma care in San 
Franciseo County, a region where all patients are brought 
to a single trauraa center, with the results of care in 
Orange County, where patients are brought to the closest 
receiving fzelity One hundred consecutive victims of 
motor vehicle accidents were selected for study from each 
region. Fielc deatas and deaths occurring during transport 
were exclud»c. Tke injured who survived long enough to 
reach a medical facility were examined in an attempt to 
evaluate the effe:t of the hospital setting on the care 
rendered to victims of major trauma. 





Accepted for publication Jan 8, 1979. 

From the Departmeat of Surgery, the University of California at Irvine 
(Dr West), and the Department of Surgery, San Francisco General Hospital 
Medical Genter the Uriversity of California at San Francisco (Drs Trunkey 
and Lim). 

Read before the 86ta annual meeting of the Western Surgical Associa- 
tion, Scottsdale, ariz, Nov 14, 1978. 

Reprint requ2sts to 1201 W LaVeta, Orange, CA 92668 (Dr West). 


Arch Surg—Voi 112, April 1979 


METHODS AND MATERIALS 


Orange County differs from San Francisco County in several 
respects. It covers 2,033 sq km (782 sq miles) and has a population 
of 1.7 million. The median age of residents in Orange County is 28 
years. The county has 39 hospitals with emergency rooms, 31 of 
which are staffed around the clock with emergency room physi- 
cians. These 31 hospitals are classified as receiving centers and are 
certified to receive patients seen by paramedics. Twenty-nine of 
the county’s 39 hospitals are proprietary, and one is a county 
hospital with full-time house staff coverage. Persons injured in 
Orange County are transported to the closest receiving center. 
During the period of study a paramedic service was being 
developed, and approximately 12% of trauma victims were seen by 
paramedics. 

San Francisco County, on the other hand, covers 127 sq km (49 sq 
miles) and has an indigenous population of 667,000, which reaches 
1.6 million during the working day. The median age of residents in 
San Francisco County is 35 years. Trauma victims are brought to 
the centrally located trauma facility, which is staffed around the 
elock by senior house officers in general surgery, anesthesia, 
neurosurgery, orthopaedics, internal medicine, and many other 
subspecialties. Full-time consultants are either in-house or are 
readily available for consultation in all specialties. The paramedics 
in San Francisco County rendered field care to approximately 20% 
of the patients. 

One hundred consecutive motor vehicle fatalities were reviewed 
from each county, excluding field deaths and deaths occurring 
during transport. In Orange County, all deaths included in the 
study occurred in 1974. In San Francisco County, deaths from 1974 
and 1975 were combined to reach 100. Ten deaths in Orange 
County were excluded because the patients had been referred to 
the county after initial care elsewhere. Eight deaths in San 
Francisco County were excluded for the same reason. Therefore, 
90 cases from Orange County and 92 cases from San Francisco 
County were evaluated. Death certificates, coroners’ reports, and 
autopsy data were available for review in all cases. Autopsies were 
done by forensic pathologists in both counties. The records from 
the San Francisco General Hospital were available for review of 
the San Francisco County deaths. 

An injury severity score (ISS) was calculated for each patient. 
This is a method for numerically describing the overall severity of 
an injury." The ISS is derived by grading injuries to the various 
body systems (ie, respiratory, cardiovascular, CNS, abdominal, 
musculoskeletal, skin, and subcutaneous) on a scale of 1 through 6. 
The ISS is equal to the sum of the squares of the highest three 
scores. Baker et al, working in Baltimore, have developed a graphic 
relationship between the ISS and mortality." If we assume 
similarity between a given locale and Baltimore, the ISS can be 
used to predict mortality from a given severity of injury. Thus, a 
region can compare its results to those of Baker et al, if appro- 
priate data are available. 
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RESULTS 


We separated deaths primarily due to injury to the CNS 
from deaths where the primary cause was unrelated to 
such injury. There were 30 non-CNS-related deaths in 
Orange County and 16 in San Francisco County. There 
were 60 CNS-related deaths in Orange County and 76 in 
San Francisco County. 


Non-CNS-Related Deaths 


The average ISS for non-CNS-related deaths in Orange 
County was 37. The average score for similar deaths in San 
Francisco was 45 (P < .03). Thus, injuries in Orange Coun- 
ty were judged to be less severe. 

Figure 1 shows the distribution of deaths from non- 
CNS-related injuries according to age. The majority of 
deaths in Orange County occurred in the 10- to 40-year-old 
age group, as compared with a much older age group for 
San Francisco County (P < .04). 

After careful review of the data for each case, the deaths 
were classified as either clearly preventable, potentially 
preventable, or not preventable. The process of classifica- 
tion was carried out by all three authors working together 
and arriving at a consensus in each case based on surgical 
judgment of available facts. Eleven of the 30 deaths in 
Orange County were judged as clearly preventable (see 
Table). Nine of these were secondary to hemorrhage. The 
magnitude of injury was such that surgical control of 
hemorrhage should have been possible. The death from 
pericardial tamponade could have been prevented with 
pericardial drainage. The single death from sepsis could 
have been prevented using standard surgical techniques 
for treatment of bowel perforation. On the other hand, no 
deaths in San Francisco County were considered clearly 
preventable. 

Another 11 of the 30 deaths in Orange County were 
judged as potentially preventable. Most of the victims had 
combined thoracic and abdominal injuries. In eight cases 
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the cause of death was hemorrhage. One patient died of fat 
emboli to the lungs six hours after admission, although no 
major fractures were described. One patient died of acute 
pulmonzry congestion with multiple rib fractures and 
pulmonzry parenchymal hemorrhage. One patiert died as a 
result o7 gastric aspiration. 

Review of the autopsy data using the same eriteria as 
applied to deaths in Orange County suggests that no 
deaths in San Francisco County were potentially prevent- 
able. H»wever, on closer examination of the hospital 
records, one death seemed to have been preventable. The 
patient was a 49-year-old woman admitted with blunt 
trauma. The initial chest roentgenogram was interpreted 
as showing a widened mediastinum. Aortography was 
delayed because of abdominal and extremity injuries. 
Twelve Fours later, a repeat chest film was thought to show 
normal anatomy, and the aortogram was cancelled. Ten 
days lat»r, while the patient was recuperating from her 
injuries, the thoracic aorta ruptured. The patient died two 
days after emergency repair. 

Eight deaths in Orange County were considered not 
preventeble. All of these patients had multisystem trauma. 
Six diec of hemorrhage, and two died of pulmonary 
insufficiency. Only two of the patients underwent a major 
surgical 5rocedure. All deaths in the San Francisco County 
group were from complications of multisystem trauma. 
Eleven victims died of pulmonary insufficiency or other 
organ feilure, and all had undergone a major surgical 
procedure. Two elderly victims (aged 74 and 82) died of 
exsangumation caused by extensive chest and abdominal 
injuries. An additional two deaths from exsanguination 
were caased by a pulmonary artery avulsion and by 
complete avulsion of the hepatic veins from the interior 
vena cava. 


CNS-Related Deaths 


Sixty deaths in Orange County were of CNS origin, 
whereas 76 deaths in San Francisco County were so 


Fig 1.—Distribution of non-CNS-related 
deaths by age of victim. (Shaded 
blocks indicate Orange County; open 
blocks indicate San Francisco Coun- 
ty.) 
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classified. The average ISS for CNS-related deaths was 38 
in Orange County and 4€.5 in San Francisco County 
(P < 1). The distribution of CNS-related deaths in both 
counties according to age is shown in Fig 2. Again, the 
majority of deaths in San Francisco County occurred in 
patients more than 50 years old, whereas in Orange County 
the majority of deaths occurred in a younger age group 
(P< .01). 

The data were reviewed to determine the quality of care 
rendered to victims with CNS-related injuries. Only 12 of 
the 60 patients in Orange County received a neurosurgical 


procedure, as compared with 55 of the 76 patients in San 
Francisco County. In the Orange County group there were 
eight instances of undiagnosed extracerebral hematomas 
(seven subdural and one epidural) that appeared to have 
contributed to death. One subdural hematoma was inade- 
quately decompressed. There were ten cases with small 
subdural hematomas that did not appear to affect the 
outcome. Additionally, there were nine patients with only 
mild to moderate cerebral contusions and a potentially 
preventable or treatable associated injury that appeared to 
be a major factor contributing to the patient's death. For 


Preventable Deaths 


Patiert/Ser/Age, yr 
17M;5* 


Trauma 
Ruptured spleen; 
lacerated mesenteric 
artery 


2/F/25 Ruptured spleen 


3/M,-30 Lecerated liver Hemorrhage Patient died 1 hr 45 min after injury 


Hemorrhage 


Lecerated liver 


5/M/75 Ruptured spleen; 
‘acerated lung; 


tibial-fibular fracture 


Lacerated spleen; 
multiple long 
Done fractures 


Perforated small bowel 
Lacerated mesenteric artery 
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Fig 2.—Distribution of CNS-related 
deaths by age of victim. (Shaded 
blocks indicate Orange County; open 
blocks indicate San Francisco Coun- 


ty.) 
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sive intrahepatic hematoma developed; patient 
died 5 hr 25 min after admission 
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example, two patients had a pneumothorax with complete 
collapse of the lung that was not treated. Two patients had 
considerable gastric aspiration, and the remaining five had 
pulmonary contusions and multiple rib fractures. In the 
San Francisco County series, there were no cases of 
undiagnosed, space-occupying lesions, and there was only 
one case with a small residual, subdural hemorrhage 
following decompression. All but two of the CNS-related 
deaths in San Francisco County were associated with 
massive injury to the CNS. The two exceptions were 
elderly patients with moderate injuries who died of pneu- 
monia. 


COMMENT 


As in any retrospective study, there were inherent 
problems with the data. For example, we did not have ISS 
ratings for the survivors and were unable to compare 
predicted mortality with actual mortality. Further, there 
may be ambiguity in interpreting the autopsy and coro- 
ners' reports. There is also an element of subjectivity in 
assigning ISS values. This was particularly apparent in 
Orange County, where hospital data were not available. 
However, when the magnitude of injury was ambiguous, 
the higher number (indicating more severe injury) was 
assigned. | 

Our data suggest that the San Francisco County system, 
which includes a trauma center, works quite well, while the 
Orange County system, which lacks a trauma center, does 
not. Of 92 eonsecutive deaths in San Francisco County, only 
one was judged potentially preventable. On the other hand, 
we believe that a substantial fraction, perhaps as much as 
73% of the non-CNS-related deaths and 28% of the CNS- 
related deaths in Orange County, could have been 
prevented with vigorous resuscitation and aggressive 
surgical intervention. An aggressive approach to patients 
with non-CNS-related injuries is evident in the San Fran- 
cisco County series, in which 15 of the 16 patients under- 
went a major surgical procedure, whereas only six of the 30 
patients in Orange County were operated on. 

Again, a more aggressive approach to the patient with 
CNS-related injuries is noted in the San Francisco County 
series, in which 55 of the 76 patients received a neurosur- 
gical procedure, as compared with 12 neurosurgical proce- 
dures performed in 60 patients in the Orange County 
group. This is of major importance when we consider that 
there were eight cases of untreated extracerebral hemato- 
mas in the Orange County series. Furthermore, the lack of 
an aggressive approach to victims with CNS-related trau- 
ma noted in the Orange County series seems to have been 
based on a misconception: patients who have signs sugges- 
tive of massive CNS-related injuries have some underlying 
irreversible brain or brainstem injury." This is outdated 
for two reasons. First, survival can be anticipated in a high 
percentage of patients who have signs of advanced CNS 
injury. Bruce et al'' have reported substantial recovery in 
85% of children with bilaterally fixed and dilated pupils; 
other investigators have reported satisfactory recovery in 
15% of adults with similar findings. A good recovery has 
been reported in 16% of patients with decerebrate rigidi- 
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ty. Thes» and similar findings have led Bruce et al to the 
conclusior that aggressive management is indicated for all 
patients with spontaneous ventilatory efforts." 

Second. initial neurological findings can be greatly 
modified by associated injuries. Miller et al'* found that in 
44% of trauma victims with major CNS-related injuries, 
there were associated injuries that produced hypotension, 
hypoxia, hypercarbia, and anemia. These pctentially 
correctabe systemic insults not only alter neurological 
signs, bu’ also adversely affect the injured brain. In the 
Orange County group, nine patients had only mild to 
moderate cerebral contusions but potentially preventable 
associatec injuries. It is likely that with vigorous manage- 
ment of these systemic injuries, an increased survival 
might have been anticipated. Miller and associates have 
demonstrated a 10% to 20% decrease in morta ity with 
vigorous -esuscitative efforts and aggressive management 
of systerric injuries and intracranial mass lesions. These 
authors p-esent convincing evidence to support the concept 
that persons severely injured in motor vehicle accidents 
should be transported to a major trauma center with 
24-hour senior neurosurgical coverage as well as in-house 
general sargical accident service. 

Our deta show an appreciable difference in the ISS 
ratings between the two counties. The average ISS for 
non-CNS-related deaths in Orange County was 37. Plotting 
this score along the curve developed by Baker and O'Neill? 
for the Baltimore series, a mortality of 37% "would be 
predicted for injured patients with an average ISS of 37. 
The averzge ISS for non-CNS-related deaths in San Fran- 
cisco County was 45, corresponding to a predietec mortali- 
ty of 68% (Fig 3). The average ISS for CNS-related deaths 
in Orange County was 38, corresponding to a »rediected 
mortality of 85%. The average ISS for CNS-related deaths 
in San Francisco County was 46.5, corresponding to a 
predicted mortality of 68% (Fig 4). These differences are 
even mor? notable when the age distribution of the victims 
at time 5f death is considered. In Orange County the 
majority of deaths from both CNS-related and non-CNS- 
related injuries occurred in the 10- to 40-year-old age 
group. Ir San Francisco County the majority of deaths 
involving both groups occurred in patients more than 50 
years old Baker et al" have shown that for a given ISS, 
mortality is higher in the 50- to 69-year-old age group and 
increases greatly for patients more than 70 years old. Thus 
the lower ISS, as well as the preponderance of deaths in 
age groups from 10 to 40 years, suggests to us that in 
Orange County a high proportion of the deaths might have 
been prevented if the victims had been treated in a trauma 
center. Our autopsy data clearly support this corcept. 

Planniag a system of trauma care must take into account 
the local *ireumstances. The San Francisco County region, 
with its compact population and relatively small size, 
makes a centrally located trauma center appropriate, but 
Orange County is much larger (2,033 sq km vs 127 sq km) 
and has £ lower population density. The question arises as 
to what guidelines are available for developing a system of 
trauma care that assures a high degree of quality yet 
remains 2ost effective. This question has been addressed 
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Fig 3.—Injiury severity score in non-CNS-related deaths in San 
Franciscc and Orange counties. plotted against percent mortali- 
ty. Adapted from Baker and O Neill'*; closed circles represent 
Baker and O'Neill's grouped data for Baltimore. Reproduced from 
Journal of Trauma by permission of Williams and Wilkins Co, 
Baltimo-e. 


by the American College of Surgeons in their report, 
“Optimal Hospital Resources for Care of the Seriously 
Injured."* The staffing requirements are stringent and 
for the most part can only be obtained in a large university 
teachimg hospital with a house staff. Even if a trauma 
center eoulc be developed in Orange County along the 
‘guidelmes oTered by the American College of Surgeons, it 
is dou»ful that it alone could effectively serve the large 
size and relatively low population density of the county. 

Teufel and Trunkey^" have presented a more pragmatic 
approach to staffing patterns of hospitals that plan to care 
for ertical trauma victims. They feel that a community 
hospital with in-house coverage by a general surgeon, an 
anesthesiologist, and an emergency room physician would 
provice the basie requirements necessary to resuscitate 
and definitvely treat mos: trauma victims. Clearly this 
system would require a back-up staff of neurosurgeons, 
ortho»aedic surgeons, and other specialists. Teufel and 
Trunkey suggest that a hospital with such a staffing 
patte-m shcuid refer to it as a trauma program, as opposed 
to the trauma centers previously described. 

Teufel and Trunkey feel zhat for a trauma program to be 
effective, approximately 400 critically injured trauma 
victims should be seen per year. They suggest that a region 
can estimate the number of critically injured trauma 
victims as 5% of the yearly total motor vehicle injuries 
reported by the California Highway Patrol. Modifying this 
formula fcr Orange County, we estimate that the region 
would support a eentrally located trauma center and two 
strategically located trauma programs. 

Trauma care in Orange County is clearly in need of 
revision at this time. The evidence presented in this paper 
suggests a high degree of salvageability in victims who are 
now dying. The degree tc which our conclusions apply to 
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Fig 4.—Injury severity score in CNS-related deaths in San Fran- 
cisco and Orange counties, plotted against percent mortality. 
Adapted from Baker and O'Neill’; closed circles represent Baker 
and O'Neil's grouped data for Baltimore. Reproduced from 
Journal of Trauma by permission of Williams and Wilkins Co, 
Baltimore. 


other parts of the country remains to be evaluated. The 
data presented clearly point to the need for evaluation and 
revision of trauma care delivery systems. The comparison 
of types of care available in San Francisco and Orange 
counties emphasizes the benefits of aggressive, experi- 
enced management of trauma vietims. Although such 
management may take place outside a trauma center, we 
believe that trauma centers provide maximal opportunity 
for optimal care. 


Dr Leonard B. Berman reviewed the manuscript and provided many 
valuable suggestions and criticisms. 
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Discussion 


CHARLES F. Frey, MD, Martinez, Calif: This report calls atten- 
tion to the less than optimal care that trauma patients are 
presently receiving in many areas of the United States. In 
contrast, prehospital eare has improved markedly over the past ten 
to 15 years, owing to improved training of ambulance attendants 
and emergency medical technicians, as well as to better communi- 
cation systems and better equipped vehicles. 

The problem of the lack of prompt, definitive in-hospital care of 
the trauma patient is well defined in this study of care available in 
Orange County. The problem is not limited to California. During 
1977 alone, three other reports were published on this subject. 
These were presented from various geographic areas of the 
country: one from Vermont, by Pilcher and Foley; one from 
Wisconsin, by MeManus and Darin; and a third from Utah, by 
Hutchens. They all convey the same message: in-hospital care of 
the trauma patient is deficient, with regard to errors of both 
omission and commission. 

These reports, together with one by Von Wagoner published in 
1961 and one by Baker and Rutherford published in 1972, empha- 
size that the problem of less than optimal care of the trauma 
patient is related to inadequate training of emergency room 
physicians in the care of the trauma patients, and also to the 
tendency to transport victims to the nearest hospital rather than 
to the best equipped and most adequately staffed hospital. 

With regard to the latter problem, Baker’s report emphasized 
another important factor in the care of the trauma patient. 
Repeated practice improves the judgment and coordination of 
those caring for the injured and results in better patient care. In 
the hospital receiving only occasional trauma victims, there is 
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often delay and confusion among those responsible for patient 
care. 

Drs West, Trunkey, and Lim have strongly endorsed the need 
for categorization of hospitals according to their ability to manage 
the severely injured patient. Their report also emphasizes that 
such categorization is not now an accomplished fact in Many areas 
of the United States. 

I would like to encourage those studying the qual ty of care 
given the trauma patient to follow the lead of Drs Wes-, Trunkey, 
and Lim in using ISS ratings rather than either peer review or the 
protocols and standards of care. Protocols and standards of care 
reflect a measurement of process rather than of outcome. 

LAWRENCE E. STEVENS, MD, Salt Lake City: What happens if we 
would look at 100 surviving patients in the same sort of study? We 
see a bit of the negative side of the matter in reports based on 
autopsies. Did you also look at 100 consecutive patients who 
survived and whose ISS ratings were perhaps equivaler t, and did 
that review support the same conclusion? 

Dr West: I would like to thank Dr Frey for his comments. In 
Orange County we do have an excellent prehospitalization mecha- 
nism for care with an excellent paramedic system. 

The comments regarding the survivors and the ISS and the 
magnitude of injuries of the survivors are very pertirent ones. 
Obviously, this report was a retrospective study of autopsy 
findings, and we did not have information on survivors available 
to us. We think the conclusions from our study are overwhelming 
when we consider the number of deaths that were clearly prevent- 
able, as judged from the age distribution of the patients and the 
magnitude of the injuries. 
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Creatinine Clearanee in 


Critically Ill Surgical Patients 


Robert F. Wilson, MD; George Soullier; David Antonenko, MD, PhD 


® Standard tests of renal function (urine output, BUN, and 
serum creatinine) were comoared with creatinine clearance 
values and with outcome in *31 critically ill surgical patients. 
There was 2 strong negative relationship between creatinine 
clearance and mortality. Of the 23 patients with a severe reduc- 
tion of creatinine clearance (<20 mL/min), 17 died. In contrast, 
23 of the 24 patients with a creatinine clearance of 100 mL/min 
or more survived. Urine output, BUN, and serum creatinine levels 
correlated poorly with creatinine clearance. A urine output of 
less than 30 mL/hr, a BUN level greater than 40 mg/dL, and a 
serum creatinine level greater than 2.0 mg/dL in all instances 
were associated with reduced creatinine clearances. However, 
more than hal: of all the patients with a normal urine output, BUN, 
or serum creatinine levels also had a reduced creatinine clear- 
ance. 

(Arch Surg 114:461-467, 1379) 


ritieally ill surgical patients often die of multiple organ 
failure, frequently cue to or associated with sepsis. 

The organs most apt to fail include the lungs, the kidneys, 
and the heart. Pulmonary failure can usually be identified 
early by aecurate clinical examination and by performance 
of serial olood gas analyses. Cardiovascular failure can 
often be cetermined early by noting changes in the blood 
pressure (especially the pulse pressure), pulse rate, urine 
output. mentation, and peripheral perfusion. Measure- 
merts of the central verous pressure, pulmonary wedge 
pressure, and cardiac output can identify cardiovascular 
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problems even earlier. 

In contrast, renal failure is often identified late and is 
usually diagnosed only if the urine output is persistently 
low and the BUN and the serum creatinine levels rise to 
almost double normal or higher. These renal function 
studies are relatively insensitive tests for detecting early 
renal failure, yet they continue to be used clinically for 
such a purpose. In contrast, endogenous creatinine clear- 
ance studies, considered to be very sensitive and accu- 
rate,'? are performed only rarely in many hospitals. 

The purpose of this study was to determine the frequen- 
cy and severity of renal failure as demonstrated by endog- 
enous creatinine clearance studies in 131 critically ill 
surgical patients. These results were correlated with urine 
output, BUN, serum and urine creatinine levels, total 
creatinine excretion, and eventual outcome. 


SUBJECTS AND METHODS 
Patients 


The 181 critically ill patients were treated in the Surgical 
Intensive Care Units of Harper/Grace Hospital, Detroit, from 
August 1976 through September 1978. Forty-nine (87%) of these 
patients died. Of the 49 patients who died in this study, 16 (33%) 
died during the first six days after study, 15 (31%) died during the 
second and third weeks, and 18 (37%) died after the third week. 

The patients were in the following three groups: (1) patients 
with complicated postoperative cardiac or thoracic surgery (19 
patients); (2) patients with severe sepsis with one or more organ 
system failure (65 patients); and (3) patients without sepsis but 
requiring intensive care for organ failure (47 patients). 

Of the 19 cardiac patients, 17 had had cardiac surgery with one 
or more complications, one had had a dissecting thoracic aortic 
aneurysm, and one had had an acute myocardial infarction and 
pulmonary embolus prior to surgery. Conditions in these patients 
requiring intensive care included ventilator assistance (14), low 
cardiac output syndrome (five), and severe congestive failure 
(four). None of these patients died. 
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The 65 patients with sepsis all had confirmed septie foci 
including thoracic infections (34), intra-abdominal infections (21), 
skin or muscle infections (nine), CNS infections (six), urinary tract 
infections (five), and a retropharyngeal abscess (one). Eleven had 
two major sites of infection. Thirty-eight (58%) of these patients 
died. 

There were 47 critically ill surgical patients with neither 
prominent cardiac nor septic problems. Some of the clinical 
complications present included acute respiratory failure requiring 
ventilator assistance (23), gastrointestinal (GI) bleeding (six), 
cerebrovascular insufficiency (six), renal failure (six), hepatic 
failure (three), and wound disruptions (three). Eleven (23%) of 
these 47 patients died. 


Methods 


Two-hour creatinine clearance studies were performed on the 
131 patients. These results correlated satisfactorily with 24-hour 
collections also performed on 69 of these patients. Patients who 
had obvious oliguric renal failure and who were being observed by 
the nephrology service for possible peritoneal dialysis or hemodial- 
ysis were excluded. Creatinine concentrations in the serum and 
the urine were determined using the Duffs reaction? and the 
Folin- Wut reactions, respectively. The BUN was determined using 
a device for automated analysis. The creatinine clearance (C1,,) 
was calculated from the urine volume (V,), the serum creatinine 
concentration (S,,), and the urine creatinine concentration (U,,) by 
the following formula: 


Cl.,(mL/min) = 
[U..(mg/dL) x V,(mL/min)]/[S.,(mg/dL)]. 
Creatinine excretion in 24 hours was calculated by multiplying the 
urinary creatinine concentration by the measured or calculated 
24-hour urine volume. 

Data is expressed as the mean + the standard deviation. Statis- 
tically significant differences between groups were determined 
using the two-tailed Student's t test. Statistical correlations 
between groups were determined by calculation of r. 


RESULTS 
Creatinine Clearance 


Thirty-seven (28%) of the 131 patients had normal 
creatinine clearance of 80 mL/min or more. The creatinine 
clearances of the other 94 patients were almost evenly 
divided between mild reduction (60 to 79 mL/ min), moder- 
ate reduction (40 to 59 mL/min), moderate-severe reduc- 
tion (20 to 39 mL/min), and severe reduction (0 to 19 
mL/min) (Table 1). 

The average initial creatinine clearance was 61 + 31 
mL/min. This is less than our laboratory normal of 80 to 
150 mL/min. The average creatinine clearance was signif- 
icantly lower in patients with sepsis (48 + 39 mL/min) 
than it was in either cardiac patients (92 + 40 mL/min: 
P < .001) or noncardiac patients without sepsis (66 + 38 
mL/min; P < .02) (Table 2). The average creatinine clear- 
ance in those who lived was significantly higher than in 
those who died in both the group with sepsis and the 
noncardiac group without sepsis (P < .02). 

When the mortalities were calculated for various levels 
of creatinine clearance, an almost straight line of regres- 
sion was found (Table 1). The mortality for the 23 patients 
with a creatinine clearance less than 20 mL/min was 74%, 
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whereas the mortality for the 24 patients with a creatinine 
clearanee greater than 100 mL/min was only 4%. The 
mortality for patients with a creatinine clearance less than 
20 mL/min was 82% for patients with sepsis and 50% for 
noncardiac patients without sepsis. On the average, for 
each increase in creatinine clearance of 10 mL/ min, 
mortality decreased about 5% for the patients with sepsis 
and about 3% for the patients without sepsis. 


Urine Volume 


The urine volume averaged 86 + 54 mL/hr. Although 
only eight patients had an average urine output of less 
than 30 mL/hr, four of these eight patients had a severe 
reduction in creatinine clearance. All patients with a urine 
output of less than 35 mL/hr had a low creatirine clear- 
ance. The 18 patients with a urine output of 150 mL/hr or 
more had an average creatinine clearance of 80.3 + 59.0 
mL/min, but five had creatinine clearances less than 40 
mL/min. The correlation between hourly urine vclume and 
creatinine clearance was rather poor (r — .25) (Fig 1). 

There was a tendency for patients with lower urine 
outputs to have a poorer prognosis. All four patients with 
an average urine output of less than 25 mL/hr died. There 
was no statistical difference in the average urine outputs 
from the cardiac patients, patients with sepsis, or other 
patients. There was also no significant difference between 
the average urine volumes of those who lived and of those 
who died. 


BUN 


BUN levels were determined at the time of the creati- 
nine clearance studies in 121 patients and everaged 
26 + 20 mg/dL. Fifty-four patients (45%) had a low or 
normal BUN level and 32 (26%) had only a slightly 2levated 
BUN level (21 to 29 mg/dL). Only 20 patients (17%) had a 
BUN level of 40 mg/dL or higher and the highest BUN 
level measured during the study was 92 mg/dL (Table 4). 
None of the 22 patients with a low BUN level (<10 mg/dL) 
had a severe impairment of creatinine clearance (<20 
mL/min), and 16 (73%) of these patients had a normal 
creatinine clearance (80 to 150 mL/min) or only mild 
impairment (60 to 79 mL/min). In contrast, of 20 patients 
with a BUN level of 40 mg/dL or more, none had a normal 
creatinine clearance and 17 (85%) had a creatinine clear- 
ance of less than 40 mL/min (Table 4). The correlation 
between the BUN level and creatinine clearance was 
significant (r = .46; P< .001) (Fig 2). Estimation of the 
absolute values of creatinine clearance from the BUN level 
was poor, particularly if the BUN level was in the upper 
range of normal or slightly elevated. 

Of 12 patients with a BUN level greater than 50 mg/dL, 
eight (67%) died; and of 20 patients with a BUN level 
greater than 40 mg/dL, 12 (60%) died. In contrast, of 22 
patients with a BUN level of 9 mg/dL or lower, only three 
(14%) died. There was a significant difference in the mean 
BUN level between those who lived and those who died of 
sepsis (21 + 17 vs 34 + 23 mg/dL) and the combined total 
of all who lived and who died (22 + 18 vs 33 + 21 mg/ 
dL). 
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Table 1.—Average Results of Various Rena 


Urine Volume, 
mL/hr 





Creatinine Clearance, 
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Total B6 + 54 26 + 20 (121) 


*The mumber in parenthesis represents the number of patients. 


Table 2.—Creatinine Clearance (mL/min) 


Without Sepsis, With 
Cardiac Noncardiac Sepsis 
92 + 40 173 + 38 762 + 44 


a9)» (36) (27) 


Total 


i74 + 41 
(82) 


Lived 


*The number in parenthesis represents the number of patients. 
+Staiistical sorrelation gives these values: t = 2.63; P < .02. 
{Statistical correlation gives these values: t = 2.59; P — .02. 
§Statistical correlation gives these values: t = 5.90; P — .001. 
\|Stetistical correlation gives these values: t = 2.56; P — .02. 


Serum Creatinine 


Th» average serum ereatinine level for the 131 patients 
was 15+ 1.0 mg/dL, which is only slightly above the 
rang» of normal for our laboratory (0.6 to 1.3 mg/dL). 
Eighty-six (66%) of the patients had a normal serum 
creatinine level and 19 (15%) had only a slight increase (1.4 
to 1.9 mg/iL). The 44 patients with a low serum creatinine 
value (0.9 mg/dL or less) had an average creatinine 
clearance of 82 + 35 mg/dL. However, one such patient 
had a severely reduced creatinine clearance of 11 mL/min 
and another had a creatinine clearance of 23 mL/min. 

O° the 26 patients with a serum creatinine level of 2.0 
mg/dL or higher, the highest creatinine clearance was 57 
mL.min and 14 had a creatinine clearance less than 20 
mL ‘min (Table 5). Nevertheless, there was poor correlation 
between serum creatinine levels and creatinine clearances 
(r = .20) ‘Fig 3). Six patients had a serum creatinine level 
greater taan 4.0 mg/dL (with a mortality of 67%) and 26 
had a serum creatinine level of 2.0 mg/dL or higher (with a 
mortality of 46%). However, there was no statistical differ- 
ence im average serum creatinine levels between any of the 


patient groups nor between those who lived and those who 
died. 


Creatinine Excretion 


The average creatinine excretion of 980 + 540 mg/day 
was at the low range of normal (1,000 to 2,000 mg/day). As 
expectec, there was a good direct correlation between 
creatinine clearance and creatinine excretion (r = .64; 
P < 001). The eight patients with a creatinine excretion of 
less than 300 mL/day had an average creatinine clearance 
of M + 12 mL/min, and the 17 patients with a creatinine 
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| Function Tests in Patients With Various Creatinine Clearances 



















Urine Volume, mL/hr 









Serum Creatinine, 
mg/dL Mortality, % 
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Creatinine Excretion, 
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850 + 370 
940 + 420 
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Fig 1.—Urine volume correlated poorly with creatinine clearance 
(r = .25). Many patients with poor creatinine clearances had high 
urine outputs. 
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Table 3.—Urine Volume Correlated With Creatinire Clearance and Mortality 





No. of Patients With Various Creatinine Clearances, mL /min 





Urine Volume, 
mL/hr 





Average Creatinine 


20-39 40-59 60-79 80-99 130+ Total Clearance, mL/min Mortality, % 















51-99 





11 (8) 9 (4) 10 (5) 12 (4) 12 (2) 9 63 (23) 63 + 38 37 











100-149 2 (2) 2 (1) 2 3 (1) 2 (1) 4 15 (5) 70 + 40 33 
150 + 1 (1) 4 (1) 2 (1) 2 (1) 3 (1) 6 (1) 18 (6) 80 + 59 33 
Total 23 (17) 26 (10) 21 (10) 21(7) 17.4) 23(1) 131 (49) 61 + 39 37 




















*The number in parenthesis represents the number of deaths. 


With Sepsis—Died 

With Sepsis—Lived 

Without Sepsis, Noncardiac—Lived 
Without Sepsis, Noncardiac—Died 
Cardiac 


Poe 4 


Fig 2.—The BUN level correlated well 
with the creatinine clearance (r = .44) 
and creatinine clearance decreased 
about 3 mL/min for each 1 mg/dL rise 
in BUN level. However, many patients 
with normal or only slightly elevated 
BUN levels had low creatinine clear- 
ances. 


Serum Creatinine Level, mg/dL 


10 20 30 40 50 60 70 80 90 100 110120 130 140 150 160 


Creatinine Clearance, mL/min 








Table 4.—BUN Correlated With Creatinine Clearances and Mortality Rates 





No. of Patients With Various Creatinine Clearances, mL/min 
BUN, ——————————————————— Average Creatinine 
mg/dL 0-19 20-39 40-59 60-79 80-99 1004 Total Clearance, mL/min Mortality, 96 





















































2-9 Ju 2 (1)* 4 7 (2) 2 7 22 (3) 87 + 38 14 
10-20 1 (1) 4 (1) 6 (5) 4 (2) 6 (1) 10 (1) 31 (11) 83 + 39 35 
21-29 6 (5) 6 (2) 7 (4) 2 6 (1) 5 32 (12) 57 + 37 38 
30-39 5 (3) 3 (1) 2 (1) 5 (2) 1 Es 16 (7) 43 + 28 44 
40-92 9 (7) 8 (4) 1 2 (1) ; 20 (12) - 25 + 19 60 
Total 21 (16) 23 (9) 20 (10) 20 (7) 15 (2) 22 (1) -21 (45) 62 + 39 37 




















*The number in parenthesis represents the number of deaths. 
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Fig 3.—There was poor correlation 
between serum creatinine level and 

creatinine clearance. The patients with 
creatinine clearance of 40 mL/min had 
random distribution of serum creati- 
nine levels from 0.7 to 5.5 mg/dL. 
Those with a normal serum creatinine 
level <1.3 mg/dL had random distribu- 
tion of creatinine clearances between 
12 and 168 mL/min. 
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Table 5.—Serum Creatinine Correlated With Creatinine Charnes and Mortality 


No. of Patients With Various Creatinine Clearances. mL/min 


40-59 NO 
7 (4) 


: 20-39 
1 (1)* 1 
5 (5) |. 5(2) 11 (5) 
3 (1) 9 (5) 2 (1) 
7 (4) 6 (3) 1 
7 (6) 5 
23 (17) 26 (10) 


Tp 
7 (1) 

.3(1) 

.21(00 — 21(7) 

*The number in parenthesis represents the number of deaths. 

i e 


80-99 - 
apr ; 
EVENT 


dT) 


exeretion of 300 to 500 mg/day had an average creatinine - 


clearance af 26 = 19 mg/day. In contrast, the 24 patients 


with a ereatinine excretion of 1,500 mg/day or more had a | 


creatinine clearance of 100 + 39 mL/min. (Table 6). 


Of 17 patients with a creatinine excretion of less than P, 
400 mg /day, 14 (32%) died. At the other end of the scale the 


survival rete was signifieantly elevated. Of 24 patients 
with a creetinine excretion level of 1,500 mg/day or 


greater, 23 (96%) survived. The average creatinine exere- 


tion was significantly lower in patients with sepsis (vs 
patients witneu* sepsis) (Table 7). The biggest difference 
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— Average Creatinine 
100+ Clearance, mL/min 
EG) 


DE. -— Mortality, % 
44 (15) 
42 (13) 
. 19 (8) 
14 (7) 
12 (6) 


© 2301) 131 (49) 


was btween all the patients who died and all those who 
lived (1, 170 + 540 vs 670+ 360 mg/day) (t= 6.35; 


P< .001). 


s COMMENT 


Since multiple organ failure is the most frequent cause 


of death in most intensive care units, it is extremely 


important to be able to recognize dysfunction in any 
system as early as possible. Most emphasis is usually placed 
on intensive cardiovascular and pulmonary monitoring, 
and relatively little. attention is directed to intensive 
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Table 6.—Creatinine Excretion Correlated With Creatinine Clearance and Mortality 






Average 
No. of Patients With Various Creatinine Clearances, mL «min Creatinine 
Urine Volume, —MM áo € Ó——Hrá———— rr —— —————— ——————— Clearance, 












mL/hr 0-19 20-39 40-59 60-79 80-99 100+ mL/min Mortality, % 

















62-299 6 (5)* 1 (1) rede At SR 50 7 (6) 11. 2508 86 
300-499 8 (6) 50) | 3 (2) 1 (1) E 13 17 (10) 26 + 18 59 
. 500-699 4 (1) 5 (2) 5 (3) 3 PE TE 17 (6) 38 + 19 35 


700-999 4 (4) 8 (5) 7 (3) 7 (3) 7 (3) 3 36 (18) 58 + 27 
1 





= 1,500 2 2 3 (1) 5 12 24 (1) 99 + 36 





Total 23 (17) 26 (10) 21 (10) 











*The number in parenthesis represents the number of deaths. 


Cardiac 
Lived 1,440 + 590 (19)* 
Died 


Total 1,440 + 590 (19) 





*The number in parenthesis represents the number of patients. 
+Statistical correlation gives these values: t = 3.36; P < .005. 
{Statistical correlation gives these values: t = 2.98; P — .005. 
§Statistical correlation gives these values: f = 6.35; P < .001. 
\|Statistical correlation gives these values: t = 2.34; P < .025. 


monitoring of renal function until rather late. Further- 
more, normal BUN and serum creatinine levels can be very 
misleading; they may be normal even though 50% of the 
nephrons are structurally damaged." It is generally agreed 
that endogenous creatinine clearance studies are the most 
sensitive and accurate of the easily performed renal func- 
tion tests." 

Urine volume seldom indicates the status of renal func- 
tion unless it is persistently lower than normal. Oliguria 
initially tends to indieate only a reduced intravaseular 
volume, but if it is persistent, it can definitely contribute to 
renal failure. Although a low urine output should almost 
always be of some concern, normal or high urine outputs do 
not necessarily reflect good renal function. 

The urine output in most of these patients was quite 
high, averaging over 2,000 mL/day due largely to the 
aggressive administration of fluids to maintain adequate 
vital signs. Diureties were used infrequently. If fluid 
intake and urine output had been lower in these patients, 
perhaps more renal failure would have been seen and 
perhaps a closer correlation between urine output and 
creatinine clearance might have been found. These data 
suggest that the maintenance of a high output in critieally 
ill patients may be of value. 

Elevated BUN levels may refleet not only impaired renal 
function but also many other problems such as increased 
breakdown of tissue after trauma or increased absorption 
of nitrogenous compounds from the intestinal tract (as 
with upper GI bleeding). On the other hand, patients with 
severe hepatie disease may have low BUN levels because of 
impaired ability to form urea in the liver from other 
nitrogenous compounds. 

Serum creatinine levels may be particularly deceptive 
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- + 50 

i 1,000-1,499 (1) 5 (1) 4 (2) 7 (2) 5 (1) 8 (1) 30 (8) 78 + 38 27 
4 

37 


21 (7) 


Table 7.—Creatinine Excretion (mg/Day) 


Without Sepsis, 
Noncardiac 


11,150 + 500 (36) 
1660 + 390 (11) 
(1,040 + 520 (47) 








17 (4) 23 (1) 131 (49) 61 + 39 









With Sepsis Total 
11,010 + 490 (27) 81,170 + 540 (82) 
1680 + 360 (38) $670 + 360 (49) 
||B20 + 450 (65) 980 + 540 (131) 





and must »e correlated with the activity, the muscle mass, 
and the det of the individual. In thin patients who are 
inactive aad eat little or no meat, creatinine production 
and excretion is quite low, and the serum creatinine level is 
normally about 0.6 to 0.7 mg/dL. In such persons, a rise in 
serum creetinine level to 1.3 mg/dL, which is still within 
the range of normal, would usually be associated with a 
50% reduction in creatinine clearance and renal function. 
In active, muscular, meat-eating persons, creatinine excre- 
tion may be quite high and the serum creatinine level may 
normally ke as high as 1.6 mg/dL. In our patients with 
decreased ereatinine excretion, low serum creatinine levels 
could exist in the face of rather poor renal function and 
creatinine clearance. The patients with cardiae problems 
were in generally good health and nutrition prior to coming 
into the inzensive care unit and they had a norma! creati- 
nine excretion. This was in contrast with the patients who 
died, usualy of multiple organ failure. 

Creatinine clearance studies are usually easy to perform. 
All that is required is knowledge of urine output per unit of 
time and the concentration of creatinine in the serum and 
urine. Although most laboratories have insisted on 12- or 
24-hour urme collections for creatinine clearance studies, 
we have fcund that two-hour studies, particularly if the 
urine output is relatively stable, correlate quite well with 
12- or 24-heur studies. The volume of urine obtained with 
any particular sample is not nearly as important as the 
constancy of the urine volume over the period to be 
considered- 

Part of the value of creatinine clearance studies is 
reflected in the outcome of our patients. The patierts with 
high creatinine clearance (100 mL or more per minute) had 
a mortality of only 4%. In contrast, those with very low 
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creatinine clearance (<20 mL/min) had a mortality of 
74%. Atheugh none of these patients died of renal failure 
per se, they almost invariably died of multiple organ 
failure. 

. Sepsis is frequently present in critically ill surgical 
_ patients and creates innumerable problems. These patients 
often are immunodeficient and often their cell metabolism 
is impaired as reflected by a reduced creatinine excretion. 
Antibiotics can become double-edged swords in such 
patients. These agents are often needed to control sepsis in 
these patients; however, they can also be nephrotoxic. This 
is particularly true of aminoglycosides. In general, the 
interdose interval for aminoglycosides is calculated from 
the serum creatinine value. Our data, however, suggest 
that the serum creatinine value cannot be used for such 
calculations. Even if the urine volume, the BUN, and the 
serum ereatinine levels are normal, a creatinine clearance 
study should be determined. If the creatinine clearance is 
also normal, standard antibiotic doses can probably be 
given with relative safety. However, if the creatinine 
clearance is reduced, antibiotic levels in the serum should 
be determined. 

In conclusion, it seems that renal impairment, as 
reflected by a reduced creatinine clearance, is quite 
common in critically ill surgical patients. A urine volume 
less than 30 mL/hr, a BUN level greater than 40 mg/dL, or 
a serum creatinine level greater than 2.0 mg/dL were 
always associated with a low creatinine clearance, but 
normal values for these tests were also frequently asso- 
ciated with a low creatinine clearance. Although relatively 
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mild abnormalities or slight increases in the BUN or serum 
creatinine levels are often ignored, they should arouse 
serious suspicions of impending renal dysfunction. Under 
such circumstances, the physician should perform creati- 
nine clearance studies particularly if potentially nephro- 
toxic antibiotics are to be used. If an abnormal creatinine 
clearance is found, antibiotie blood levels should be 
obtained to regulate dosage. 


This study was supported by Harper/Grace Hospitals Surgical Research 
Staff Fund. 
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Discussion 


Ernest E. Moore, MD, Denver: Several recent studies said that 
serum antibictic levels, namely, trough and peak values, are 
superior to creatinine clearanee as a guide to selecting antibiotic 
dosage to minimize aminoglycoside toxicity. Have you had any 
experience m comparing these guides? 

Dr Witson: Proper administration of antibiotics in the intensive 
care unit can be very difficult. Many of these critically ill patients 
are treated with aminoglycosides or other nephrotoxic antibiotics, 
and there is tremendous reliance on the serum creatinine level to 
evaluate renal function and determine interdose intervals. Many 
of these patients have much more renal impairment than is 
suspected. The standard renal function guides such as BUN level 
and serum creatinine level co not adequately reflect creatinine 
clearance, particularly if they are normal or only slightly elevated. 
It must be emphasized that the serum creatinine level may be 
normal er cnly slightly elevated and yet the patient may have a 
severe decrease in creatinine clearance. In a study performed by 
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our pharmacy, there was no correlation between antibiotie blood 
levels and serum creatinine levels. Consequently, if there is any 
doubt about the status of the kidneys, creatinine clearance should 
be determined. If that is abnormal, antibiotic blood levels must be 
obtained. 

What has been most impressive to me concerning critically ill 
surgical patients is the comment, from physicians in many inten- 
sive care units that I visit, to the effect that "nobody here dies of 
renal or pulmonary failure." Yet, many of these patients do die of 
multiple organ failure and impaired metabolism. 

I think that intravenous hyperalimentation may help to prevent 
sepsis and multiple organ failure. However, I think that we are 
going to have to look closer for subtle signs of organ failure and 
sepsis. The most important therapy is to control sepsis and often 
this can only be done surgically. In addition, metabolism must also 
be improved. 
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Multiple Adenomas of the Parathyroids: 


Do They Exist? 


Jay K. Harness, MD, FACS; Stephen R. Ramsburg, MD; Ronald H. Nishiyama, MD; Norman W. Thompson, MD, FACS 


e Since Cope's original description of chief cell hyperplasia in 
1958, there has been general agreement that this entity is the 
most common cause of multiple parathyroid enlargement. 
Whether or not multiple adenomas of the parathyroid glands ever 
occur has been seriously questioned. Criteria are proposed for 
defining the entity of multiple parathyroid adenomas in contrast 
with hyperplasia. With the use of these criteria, five patients with 
multiple adenomas were found in our last 300 cases of primary 
hyperparathyroidism. 

(Arch Surg 114:468-474, 1979) 


T he concept that primary hyperparathyroidism (HPT) 
and a single hyperfunctioning adenoma were synony- 
mous prevailed until Albright et al' described primary 
clear cell hyperplasia with involvement of all four parathy- 
roid glands. Examples of double adenomas, primary para- 
thyroid carcinoma, and secondary and tertiary parathyroid 
hyperplasias added to the complexity of the pathology of 
the parathyroid glands associated with HPT.? 

Cope et al? described primary chief cell hyperplasia of 
the parathyroid glands in 1958. They suggested that it was 
the most common cause of enlarged parathyroid glands in 
patients with multiple endocrine adenopathies and 
nonfamilial enlargement of multiple parathyroid glands. 
Previously reported cases of primary HPT associated with 
"multiple parathyroid adenomas" (MPAs) are now consid- 
ered to be due to hyperplasia affecting all of the parathy- 
roid glands. Whether MPAs exist is now being seriously 
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questionec.*? As a result, routine subtotal parathyroidecto- 
my is being recommended whenever more than one 
enlarged parathyroid gland is found in patients with 
primary HPT.*'* Wang and Rieder? and others recommend 
only a unilateral neck exploration if one “adenoma” and a 
normal-size gland of normal density are identified on one 
side. This is based on the belief that "double adenomas" are 
extremely rare or do not occur. Criteria for idertifying 
MPAs have never been established although the incidence 
in most large series of patients with primary HPT is 2% to 
5%, *-13-15 

The purpose of this study is to report our experience with 
MPAs in patients with primary HPT during the past seven 
years. Criteria for the diagnosis of MPAs are proposed, and 
the surgical implications are discussed. 


PATIENTS AND METHODS 


Three hundred patients had exploratory surgery of the neck for 
primary HPT during a seven-year period (1971 to 1978). Records of 
the patients were reviewed with emphasis on gross operative 
findings, microscopic appearance of the parathyroid glands, clini- 
cal course, and family history. The microscopic sections of all 
parathyroid tissue removed from patients with “MPAs” were 
reexamined. 

When these parathyroidectomies were performed, the surgeons 
identified and evaluated all parathyroid glands at the time of 
exploratory surgery. In most cases, an obviously enlarged gland 
was excised and a generous biopsy specimen of at least one 
normal-size gland, and in many cases two or three normal-size 
glands, was taken. Histologic examination by frozen and perma- 
nent sections were done in all cases. Final diagnoses were made by 
the surgeons based on the gross and microscopic findings. 


RESULTS 


A total of 237 patients (79%) had a single enlarged 
parathyroid gland (adenoma), and all were cured after 
excision of the adenoma. Fifty-eight patients (19.3%) had 
chief cell hyperplasia and were treated by excision of three 


Multiple Adenomas—Harness et al 


TT a 


ee 


or 3% għnds. In this latter group, 26 had the multiple 
endocrin» neoplasia (MEN) I syndrome, MEN II syndrome, 
or familial HPT. Five patients (1.7%) were thought to have 
MPAs. and were treated by surgical excision of only the 
enlarged parathyroid glands. 

Recurrent hypercalcemia has not occurred in patients 
after exeision of one or twe parathyroid adenomas. In 58 
patients wizh parathyroid hyperplasia, two patients had 
persis:emt hypercalcemia after parathyroidectomy, where- 
as five patients had recurrent hypercalcemia develop. The 
criteria for identifying MPAs are as follows: (1) The 
finding ef more than one enlarged parathyroid gland that 
is histologizelly hyperplastic; (2) Operative confirmation 
that the remaining parathyroid glands are normal in size, 
consistency, and color and that at least one or more are 
histolegseally normal; (3) Neither clinical evidence nor 
family Fistory of MEN syndromes or familial HPT; and (4) 
Permanent eure of hypercalcemia by excision of the 
enlarge] parathyroid glands. 


REPORT OF CASES 


Case 1.—A 51-year-old man was hospitalized in July 1974 for 
treatment cf primary HPT. He had a history of peptic ulcer 
disease, *hrcn:e pancreatitis, and renal calculi. During the previous 
two years, he had several episodes of documented pancreatitis. 
The patient's epigastric discomfort was not relieved by cholecyst- 
ectomy, and it was presumed that his chronic abdominal pain was 
due to caronic pancreatitis. 

In Jenuary 1974, a parathormone (PTH) assay was at an 
inapprooriately normal level of 262 pg/mL (normal level, 255 
pg/mL + 2 SDs) when the serum calcium level was elevated. 
There was no family history of HPT or other endocrinopathies. 

Durirg an exploratery procedure of the neck in July 1974, biopsy 
specimens were taken of two normal superior parathyroid glands. 
A large right inferior parathyroid gland was found within the 
upper pole of the thymus. On the left, adherent to thymic tissue, a 
second large parathyroid gland was identified and removed. 
Examiration of the two superior glands by frozen sections showed 
that tkey were normal. Both enlarged inferior glands were 
hyperp astic. Permanent pathological sections confirmed the find- 
ings of the frozen sections. Four years after excision of two 
adenomas, he is normocalcemic. | 


At eperation, two normal and two adenomatous glands 
were found. Identification and removal of both adenomas 
at one operation was possible because a careful search had 
been mace for all four parathyroid glands. 


Case 2.— A 49-year-old woman was evaluated for malaise, noctu- 
ria, an 1 a breast nodule in the fall of 1975. Her serum calcium and 
PTH levels were elevated. She had no family history of HPT or 
other endocrine disease. During an exploratory procedure of the 
neck, 3 right inferier parathyroid adenoma was found. The left 
superior aad inferior parathyroid glands were, under gross exam- 
ination, normal in size and consistency. The left inferior parathy- 
roid gáanc was excised by biopsy, and the biopsy specimen was 
determined to be normal. 

Fos-operstively, the patient's serum calcium level decreased to 
9.1 to 9.€ mg/dL. However, within seven months, the serum 
calcium level was 10.5 to 11.3 mg/dL. A repeated check of the 
serum PTH level indicated it was elevated. 

In 1977. the patient was referred to the University of Michigan 
Medical Center, Ann Arbor. Selective venous assays for PTH were 
done. Seleetive venous PTH assays of the jugular, thyroid, and 
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Fig 1.—Selective parathormone assay localizes second parathy- 
roid “adenoma” to lower, right jugular vein region. A 1.5 x 2.0- 
cm “adenoma” was excised from this area at second opera- 
tion. 


mediastinal veins showed a PTH level of 3,037 pg/mL (Fig 1) in 
the right, lower jugular vein, as compared with a peripheral PTH 
level of 254 pg/mL (normal level, 255 pg/mL + 2 SDs). 

Exploratory surgery of the neck indicated a 1.5 x 2.0-em right 
superior parathyroid adenoma in an ectopic location in the upper 
posterior mediastinum between the esophagus and the preverte- 
bral fascia. No repeated exploratory surgery was done on the left 
side. 

The patient was initially hypocaleemic but became normocal- 
cemic after several months and has remained so. Her only known 
remaining parathyroid gland is the left superior one. 


This patient required two operations to "eure" her HPT 
despite the fact that at her initial operation a single 
enlarged gland and two normal-size glands were identi- 
fied. The ectopic right superior gland was not identified 
during a reasonable search for all four glands. Selective 
venous PTH assays localized the excessive production of 
PTH to the right, lower side of the neck where the second 
adenoma was found. 


CASE 3.—A 44-year-old man was well except for mild hyperten- 
sion until 1975 when he noted episodes of dizziness. A routine 
check of the serum calcium level indicated it was elevated. There 
was no history of renal stones, peptic ulcer disease, or pancreatitis. 
In April 1976, he was admitted to the University Hospital, Ann 
Arbor, and had a serum calcium level of 12.8 mg/dL and an 
elevated level of PTH. He had no family history of HPT or of other 
endocrinopathies. 

During exploratory surgery of the neck in April 1976, enlarged 
superior parathyroid glands were identified. The right superior 
gland measured 1.5 x 1.5 x 1.5 em and the left superior gland was 
4 x 2.5 x 2 em. These glands had the appearance, under gross 
examination, of parathyroid adenomas. Examination of frozen 
sections showed that the glands were hyperplastic, with adjacent 
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rims of normal parathyroid tissue. The left inferior gland 
appeared normal. One half of this gland was removed and on 
examination of frozen and permanent histologie sections was 
considered to be normal. A careful search was made for the right 
inferior parathyroid gland, but none was found. Since the opera- 
tion, the patient has been normocaleemic. 


This patient had two adenomas and one normal parathy- 
roid gland removed. Whether he has a fourth ectopic gland 
is speculative. Had exploratory surgery been done of only 
the left side of his neck, the diagnosis would have been 
HPT caused by one enlarged gland. The microscopic 
sections would have supported the diagnosis. 


CASE 4.—A 66-year-old woman was admitted in February 1977 
with a three-year history of fatigue and degenerative arthritis of 
the right hip. Several determinations of serum calcium levels 
ranged from 11.8 to 13.0 mg/dL. Serum PTH assays ranged from 


_ 672 to 726 pg/mL (normal level, 255 pg/mL + 2 SDs). There was 


no family history of HPT or other endocrine disease. 

During exploratory surgery of the neck, a right superior para- 
thyroid adenoma, 2.0 x L0 x 0.6 em, was found. The normal- 
appearing left superior and left inferior parathyroid glands were 
found to be normal when frozen and permanent histologic sections 
were examined (Fig 2). The right inferior gland appeared normal. 
No biopsy was taken. 

Postoperatively, her serum calcium levels remained elevated. 
Six weeks later, selective PTH assays from the cervical and 
mediastinal veins were done. The highest PTH level was obtained 
from the proximal superior vena cava. 

Reexploratory surgery of her neck was done, and the right 
inferior parathyroid gland was again found and shown to be 
normal by examination of the biopsy specimen (Fig 3). Explorato- 
ry surgery of the right superior mediastinal region through the 
cervical incision showed a parathyroid cyst (7.5 x 3 x 1.5 em) that 
extended below the aortic arch (Fig 4). This "fifth gland" adenoma 
was excised. The fluid with the cyst had a PTH level of 3,388 
pg/mL. Postoperatively, her serum calcium level returned to 
normal. She has been normocalcemic for the past 18 months. 


In retrospect, a second operation on this patient was 
unavoidable. During her initial exploratory neck surgery, a 
single enlarged parathyroid (adenoma) and three normal 
glands were found. When her hypercalcemia persisted, 
reassessment stil suggested primary HPT, and PTH 
assays localized the source of excess hormone to the upper 
mediastinum. Although her second adenoma was deep 
within the chest, the cystic component was identified 
within the upper thymus and the entire lesion was excised 
without splitting the sternum. 

Case 5.—A 59-year-old woman was hospitalized in March 1978 
with a history of chronic cholecystitis. A routine test for serum 
caleium level indicated it was 12.7 mg/dL. During the previous 
three years, she had been treated with a chlorothiazide (Thiazide 
[Canada]; Diuril, comparable US product) diuretic for mild hyper- 
tension. 

Exploratory surgery of the neck was done. Normal right 
superior and inferior parathyroid glands were identified. On the 
left side, an enlarged left superior parathyroid gland, 
1.5 x 10 x 0.5 em, was found. A mannitol density test, as 
reported by Wang and Rieder,’ was performed on a portion of this 
apparent adenoma, and the tissue sank. Another enlarged para- 
thyroid gland, 2 x 2 x 0.5, was found just inferior to the thyroid 
gland. The mannitol density test was also positive for the second 
adenoma. Histologic evaluation of both enlarged glands by exam- 
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Fig 2.—Case 4. Top, The left superior gland biopsy specimen 
(hematoxylin-eosin, original magnification x 4). Center, The right 
superior glanc adenoma (HE, original magnification x 4). Bottom, 
Normal left interior gland biopsy specimen (HE, original magnifi- 
cation x 4). 


ination of frozen sections showed hyperplastie parathyroid tissue 
consistent witk two parathyroid adenomas. A biopsy specimen was 
taken from one of the normal-appearing parathyroid glands on the 
right side. The mannitol density test for the biopsy specimen was 
negative. Examination of frozen and permanent histologic 
sections of this tissue showed a normal parathyroid gland. The 
patient has remained normocalcemic since her operaticn six 
months ago. 
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Fig 3.—Case 4, reoperation. Left, Normal right inferior gland biopsy specimen (hematoxylin-eosin, 
original magnification x 4). Right, Parathyroid cyst and mediastinal fifth gland “adenoma” (HE, original 


magnification x 4). 
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Fig 4.—Summary of operative findings in case 4, with two 
parathyroid "adenomas," second of which was "fifth gland" 
adenoma and cyst in anterior-superior mediastinum. 


The only symptoms of HPT were fatigue and mild 
hypertension in spite of substantial hypercalcemia and 
high levels of PTH. At operation, under gross and micro- 
scopic examination, two normal parathyroid glands were 
found n addition to twe adenomas. The mannitol test 
diseriminzted between the normal and hyperplastic 
glands 


COMMENT 


In 1903, Askanazy"’ discovered a parathyroid tumor in a 
patien= dying with von Recklinghausen’s disease of bone. 
He called the tumor an “adenoma.” Although patients with 
MPAs were reported, it is not clear whether they repre- 
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sented patients with diffuse chief cell hyperplasia. In 1954, 
Wermer" introduced the term "multiple endocrine adeno- 
matosis” in describing the familial occurrence of patients 
with pituitary, pancreatie islet cell, and parathyroid 
tumors. The parathyroid glands in these patients were 
characteristically enlarged and were interpreted patholog- 
ically as adenomas. Double adenomas were found in 5% of 
the first 200 patients treated surgically at the Massachu- 
setts General Hospital? Wang and Rieder, however, 
reported in 1978 that of the 13 patients with double 
adenomas found at the Massachusetts General Hospital 
through 1958, six eventually proved to be primary chief cell 
hyperplasia, and the diagnosis has not been conclusively 
substantiated in the other seven. They have further stated 
that "the so-called double adenomas, if they indeed exist, 
are extremely rare, and we have not encountered a single 
case since 1958.” Cope,‘ in a similar statement, noted that 
"it is such a biological feat to make one hyperfunctioning 
adenoma that a coincidental second hypersecreting 
neoplasm is highly unlikely.” 

Since the descriptions of primary parathyroid hyperpla- 
sia, there has been reluctance to accept the diagnosis of 
multiple parathyroid gland enlargement as adenomas even 
when one or more additional parathyroid glands were 
normal in size. The MPAs found in patients with the MEN 
I syndrome are now recognized as manifestations of 
diffuse chief cell hyperplasia. In our experience with this 
disease, all of the parathyroid glands have been hyperplas- 
tic, regardless of their size, when examined microscopical- 
ly. 

In most of the cases of “double adenomas” reported, 
there is inadequate information furnished about the gross 
and microscopic appearance of the remaining normal 
glands, the family history, or the follow-up to adequately 
classify the etiology of the primary HPT. Nevertheless, 
MPAs have been reported in a number of series of patients 
with primary HPT since 1958. In a review of eight series 
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with 1,264 patients, MPAs were noted in from 1.9% to 5% 
(average, 2.2%).* These figures are similar to the 1.7% 
incidence of double adenomas we have found. Block et al* in 
their recent report on 29 patients with multiple gland 
disease due to diffuse hyperplasia, in a series of 199 
patients with primary HPT, noted that an additional seven 
patients were found to have enlargement owing to hyper- 
plasia of only two parathyroid glands. In one patient, 76 
years of age, removal of the two enlarged glands resulted 
in permanent hypoparathyroidism. 

One of the major problems in the pathological classifica- 
tion of parathyroid disease is the interpretation of light 
and electron microscopy of the parathyroid glands. During 


the past two decades, it has become clear that the tradition- 


al histologic criteria for differentiating parathyroid hyper- 
plasia from adenoma are unreliable. Furthermore, there is 
often difficulty in differentiating normal from hyperplas- 
tic glands when only the microscopic findings are consid- 
ered. Although the normal-size glands found in patients 
with parathyroid adenomas have been described as 
“atrophic,” we have never been able to identify parathy- 
roid atrophy on microscopic or gross examination. More 
often, the normal glands appear slightly hyperplastie when 
examined microscopically. The excellent long-term results 
after excision of a single enlarged parathyroid gland in the 
majority of patients with primary HPT confirm that the 
presence of minimal hyperplasia in the remaining normal- 
size glands is clinically unimportant. 

Purnell et al? reported a 1% recurrence in 198 patients 
whose primary HPT was treated by excision of only one 
enlarged parathyroid gland. From data collected by 
reviewing all known reports in the English literature with 
50 or more patients with HPT treated by selective parathy- 
roidectomy, Clark et al'" determined that the recurrence 
rate was 0.7% in 3,204 cases. In their own series of 242 
patients without endocrinopathies, only one patient had a 
recurrence develop. Of the 240 patients in our series, with 
apparent single gland enlargement, 235 remained eucal- 
cemic after a single operation. Two patients required 
mediastinal exploratory surgery to locate and excise an 
adenoma after biopsies of three normal glands had been 
done during initial exploratory neck surgery. One patient 
with an MEN I syndrome and hyperplasia of three 
normal-size glands had a recurrence develop several years 
after excision of one enlarged gland. Two of the five 
patients in this report required a second operation to 
remove a second adenoma suggested by persistent hyper- 
calcemia in one and early recurrence (seven months) of 
hypercalcemia in the other. The overall failure rate of the 
initial exploratory neck surgery was 2%. 

Only one patient, however, had recurrent hypercalcemia 
develop seven months or more after exploratory neck 
surgery, and that was due to chief cell hyperplasia (MEN 
I). We would generally agree with Clark et al' who 
arbitrarily defined recurrent disease as recurrence of 
hypercalcemia after at least six months of normocalcemia 
but believe the patient (case 2) who was reoperated on for a 





*References 5,6,9,10,13-15,19. 


472 Arch Surg—Vol 114, April 1979 


second adenoma two years after an initial exploratory neck 
surgery should more appropriately be considered to have 
had persistent disease. Late recurrence of HPT ow ng to a 
second adenoma is rare. Fulmer et al” reported two cases 
and could and only 16 other cases reported through 1969. 
His patients’ recurrences occurred eight and 20 years after 
resection o^ single adenomas. The interval between initial 
exploratory neck surgery and recurrence in the other cases 
reported ranged from one to 14 years. Fulmer and cowork- 
ers emphasized that it was virtually impossible to be 
certain that the second adenomas were not presen; at the 
time of the initial operations. 

The majcr problems in the surgical treatment of primary 
HPT contiaues to be the identification of all parathyroid 
glands and the recognition of those patients with nultiple 
gland involvement, whether this be diffuse hyperplasia or 
MPAs. The common objective of all operations for primary 
HPT is to evoid persistent or recurrent hypercalcemia and 
to avoid permanent hypocalcemia. When only a single 
enlarged g-and is found in association with three or more 
normal parathyroid glands, excision of the enlarged gland 
will fulfill taese objectives in nearly all cases. Infrecuently, 
the gross parathyroid involvement in patients with the 
MEN I syadrome may be apparent in only one gland. 
Without biopsy evidence of hyperplasia in the normal 
glands, failire to perform subtotal parathyroidectomy will 
result in eventual recurrence. A thorough knowledg? of the 
patient's family history will alert the surgeon to this 
possibility in most cases. In nearly all patients with 
multiple gland enlargement, chief cell hyperplasia that 
involves all glands is present. Subtotal resection is indi- 
cated to prevent recurrence. We believe that < small 
percentage of patients with primary HPT do have MPAs 
(2% to 5%) and that their excision will result in cure. The 
occurrence of MPAs confirms the need for a meticulous 
search and identification of all parathyroid glands, which 
includes a possible fifth gland, during all initial operations 
for HPT. 
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Discussion 


GEORCE —. JurR, MD, Long Beach, Calif: This is a timely article 
because of the two conflicting schools of thought in the surgical 
management ef primary HPT. The real incidence of MPAs is 
probably ruch higher than the 2% the authors have reported 
because mach depends on the stage of the disease at the time of 
diagnosis ather than on interpretation of the histologic speci- 
men. 

During *he past ten years, 50 patients have undergone explora- 
tory neck surgery for primary HPT at the Veterans Administra- 
tion Medieal Center, Long Beach, Calif. We have found MPAs 
located at asymmetrical poles in two patients. After a review of 
the hiszolsgic specimen, we thought that these two patients 
probably belonged to the multiple glandular group or hyperplasia 
group. | | 

Subsequently, we had to do repeated exploratory surgery of the 
necks cf wo cther patients who remain hypercalcemic after 
remova 0^ a siegle adenoma. We found a definite adenoma that 
had dev2laped ir previously normal glands. Gross and/or histologie 
study suggested microscopic foc of disease had been left behind at 
the time o° the initial operation. There was no history of the MEN 
syndrome in either of these two patients. Thus, in our experience, 
four of 50 satierts (8%) had MPAs. Polyglandular disease occurred 
in 20% cf car pa-ients, whereas we were able to control the disease 
in 80% əf the pztients by removal of a single adenoma. 

I would like -o emphasize that this disease is pleomorphic in 
nature and thata biopsy report of normal parathyroid tissue does 
not guara-tec absence of disease in any given gland. 

WILLAN H. FEMINE, MD, Rochester, Minn: We are not always 
comparng diseases or establishing basic foundation for certain 
diseases. We eften are comparing pathologists, and we, as 
surgeors, are subject to whatever the pathologist describes or 
diagnoses Pathologists may disagree. We surgeons must be 
cautious i- this regard. Oftentimes, one can make a satisfactory 
diagnosis of osrathyro:d disease on gross examination, by the 
color, location, and size of the gland. 

The patholcgst is an extremely important part of our surgical 
approaeh. If he happens to be overwhelmingly enthused about 
hyperp as a or overwhelmingly enthused about adenomas, then we 
are the swbject of the offspring of his opinion, and we have to 
express it as such. We will find what he says we found and another 
pathologist: might disagree. 

We regard the mannitol test as a dunking maneuver and not 
necessarily as an exact science. If one cannot diagnose it by 
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microscopic examination or certainly by some of the more sophis- 
ticated electron microscopic techniques, then one is in deep 
trouble. 

Multiple glands are something to be considered. One can 
certainly have more than four, and whenever one finds four and 
one is satisfied with that, fine, but I think one should continue the 
exploration around a little more to be certain that one does not 
have five or even six as has been described in this article. 

This was an important article from the standpoint of MEN and 
multiple glands. We think that there can be multiple glands 
involved without it necessarily being hyperplasia. Certainly, wher- 
ever one has multiple endocrine glands in other areas of the body, 
one can have multiple tumors. One can have bilateral adrenal 
tumors. There is no rule to go by to say that one cannot have 
multiple tumors of the parathyroid glands. 

In our experience with 207 patients for a three-year period, we 
found a single gland to be involved in 184 cases (89%). We found 
MPAs to be present in 15 of the 207 cases (7%). This is a little 
higher than the authors' percentage. We found carcinoma in 1% 
and hyperplasia in 3%, which is a little lower than others have 
reported. | 

This is an extremely difficult diagnosis to make at the very best. 
Everyone is doing the best they possibly can within the framework 
with which they have to work, and certainly, we have to gauge our 
surgery accordingly. One has to be always on the alert for MEN 
problems. Whenever one finds multiple tumors, one should inves- 
tigate the entire family if one can possibly get them to come in. 
This may be a manifestation of a MEN problem particularly of the 
MEN type I variety that is a hodgepodge of all kinds of endocrine 


disorders that may manifest themselves at an earlier or sometimes - 


later date. They do not always occur at the same time that other 
types of endocrine disorders occur in that particular individual. 

I would like to describe a patient whom I operated on just a little 
more than a year ago. I was looking for a parathyroid adenoma. I 
thought I had found one. It seemed a little different. It looked 
clearer. It was not the same dark color that I had hoped to find. I 
sent it in. It turned out to be a lymph node and the diagnosis was 
earcinoma of the thyroid. This precipitated a thyroid-cancer type 
of operation for carcinoma of the thyroid. Inside lobe of thyroid, I 
found the parathyroid adenoma along with the carcinoma of the 
thyroid, and a neck dissection was performed as demanded by the 
findings. 

Jack PICKLEMAN, MD, Maywood, Ill: Our group at Loyola 
University Medieal Center, Maywood, Ill, headed by Edward 
Paloyan, would basically agree with most of the points made in 
this article, but we question whether or not the double adenoma 
patients we have heard described today are merely a variant of 
patients with parathyroid hyperplasia. The histologic findings of 
the following case might support this question. This woman had 
typical signs and symptoms of HPT. One of her parathyroid 
glands was a 2-g adenoma. On histologic examination, the adeno- 
matous tissues were surrounded by normal-appearing parathyroid 
tissue. However, on examination of her other three glands, the 
next gland weighed 100 mg, which is about twice the normal size, 
and by most criteria, I think we would call this hyperplasia. 

The third gland, however, weighed 75 mg, which is a little bit 
more than the normal size, and although there might be some little 
areas here that are suggestive of hyperplasia, this is probably a 
normal gland. The fourth gland was of normal weight, 50 mg, and 
was normal histologically. The question is: did this patient have a 
double adenoma or do these changes represent hyperplasia? Until 
we can agree on what is normal or hyperplastie or adenomatous, 
we are going to have many unanswered questions. 

We have perhaps nine of our last 180 cases of primary parathy- 
roidism that might qualify as double adenomas, an incidence of 
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5%. This is a review of these patients with the weights and 
histology of each parathyroid gland, along with the duration of 
follow-up for each patient. By anybody’s criteria, a number of 
these cases are going to qualify as the authors’ double adenomas. 
Here is a patient with l-g and 500-mg adenomas, two normal 
glands, and a 12-year asymptomatic follow-up. This and several of 
the other cases surely represent double adenomas. However, when 
we get to some of the other cases, we might get a bit more 
argument. In this next patient, for instance, the two abnormal 
glands weighed 100 mg each, the other two glands were normal in 
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KE size and histologic findings, and on long-term follow-up, the 
E patient has remained normocalcemic. Many of these patients have 
fe been followed up for long periods of time and are therefore 


unlikely to represent cases of diffuse hyperplasia that might be 
expected to become symptomatic again with only the removal of 
two glands. 

So, in conclusion, we agree with the authors that the proper 
operative management of a patient with primary HPT must entail 
the removal of the enlarged gland or glands, the identification of 
all other parathyroids, and the biopsy of at least one of them. We 
also think that the entity of double adenomas probably does exist, 
although it may be a variant of hyperplasia, and that only by a 
long-term follow-up of these patients will this matter be clari- 
fied. 

RoBERT T. Trprick, MD, Toledo, Ohio (chairman): Maybe Dr 
Thompson will answer some other questions including about 
marking them since apparently reoperation is quite common here. 
' Do you leave any tracks behind? 

k- DR THOMPSON: Multiple parathyroid adenomas is a controversial 

~ topic and we have debated within our own group for about ten 

P years as to their existence. Until recently, I did not believe that 
they occurred. As you have heard today, however, I now think that 

- . they do exist but are infrequent. 

: I believe that it is important to differentiate double adenomas 

from the hyperplasias and would emphasize that it is the surgeon 

who must make the correct diagnosis at the time of operation and 

i not the pathologist. The findings from gross examination at 

aad operation are more important to the surgeon’s decision as to the 

appropriate extent of the parathyroidectomy than the microscopic 

P studies of the pathologist who looked at frozen sections. 

2 If the surgeon is in doubt in cases where more than one 
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parathyroid is greatly enlarged, I think that it would be best to 
take the more traditional view and remove 3! parathyroid glands. 
= If, on the other hand, you are sure that the family history indicates 
e an absence of the MEN syndromes, particularly the MEN I 
+ syndrome in which asymmetrical hyperplasia with enlargement is 
f common, then removal of the two enlarged glands is likely to 
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result im permanent alleviation of hypercalcemia. Failure to 
identify hyperplasia in patients with the MEN I syndreme and the 
performance of less than subtotal parathyroidectomy will invaria- 
bly resul- in early recurrence. i 

Of the 240 patients in this report with only one greatly enlarged 
parathyreid gland found during exploratory neck surgery, there 
was only one true recurrence. That patient had an excision of the 
enlarged gland and had biopsy specimens taken from the three 
normal-swe glands, the specimens of which were reported as 
normal from frozen section studies. The permanent section stud- 
ies, however, were interpreted as showing hyperplasiz. Although 
her calei&m levels remained normal for three years, she then 
became kypercaleemic and a peptic ulcer developec. Elevated 
gastrin levels then confirmed the diagnosis of a gastrinoma as 
well. Three of her family members have subsequently had HPT 
and islet eell tumors of the pancreas develop. This is a situation in 
which one must be careful, and knowledge of the family history 
before exploratory neck surgery may be the critical factor in 
determinmg the extent of the parathyroidectomy. 

In rega-d to the possibility of recurrence and reoperztion, we do 
leave trae«s in patients who have hyperplasia or multiple enlarged 
glands. A silver clip is placed on the remaining half of a gland in 
cases of hyperplasia and on the edge from biopsy of the remaining 
glands in cases of multiple adenomas. If the wrong diagnosis has 
been mace or if there is a recurrence, it will help when and if 
reexplora_ory surgery becomes necessary. 

DR Tip2ick: What about the mannitol test? Two of the discus- 
sants apparently are not in harmony on that. I worder if you 
would comment. 

Dr THOmpson: The question about the value of the density test is 
a good one. Dr ReMine referred to this as the dunking maneuver. 
We call it -he "sink" test and have tried it in a number of cases. We 
rely, however, more on the gross evaluation of the parathyroid 
glands in -onjunction with the frozen sections than on this test for 
operative decisions. Our final diagnosis in each case is based on the 
gross findings in conjunction with the permanent section histo- 
logic evalmation. 

A point that I would like to reemphasize is that all parathyroid 
glands sheuld be searched for and evaluated. A stimulus for this 
study was the reliance by Wang and Rieder on the density test and 
their inte-pretation that if one enlarged gland and z "normal" 
gland are found on the side of the neck where initial exploratory 
surgery is performed, then exploratory surgery of the contralater- 
al neck is unnecessary. I do think that this may be trve in about 
95% of the cases. Although in most patients one can get away with 
it, one is zoing to miss the type of situation we are discussing 
today and either persistent or recurrent HPT will resi lt. 
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Cancer of the Parathyroid Glands 


Jonathan A. waa Heerden, MB, FRCS(C); Louis H. Weiland, MD; 


William H. ReNine, MD, DSc; Joseph T. Walls, MD; Don C. Purnell, MD 


e Hyperfunctioning parathyroid carcinoma is a relatively rare 
endocrine tumer, accounting for approximately 1% of all cases of 
primary hype-parathyrcidism. The diagnosis is suspected when 
the tumor is age, parathyroid hormone (iPTH) levels are high, 
and a palpabie tumor is present in the neck. Patients who have 
recurrence of hyperparathyroicism several months after surgical 
treatment should be suspected of having a recurrent or persist- 
ent parathyroic carcinoma. At operation, a large invasive tumor 
is usually fourci. The fibrous, inflammatory-like reaction is the 
most charac:*e istic indication of malignancy. Even in tumors 
with minimal invasiveness, the possibility of a carcinoma should 
be considered # the tumor has mitotic activity and a monotonous 
insteac of a pleomorphic cellular population. If the surgeon can 
recognize the possibility cf parathyroid malignancy and 
adequately treat the patient curing the initial operation, more 
gratifying resus should be obtained. 

(Arch Surg 114:475-480, 1979) 


ecent stulies of diseases of the parathyroid glands 
kave cortributed to the understanding and treatment 
of parathyrosd disorders. The routine use of automated 
determimatioas of serum calcium levels and improved 
access to evalaations of parathyroid hormone (iPTH) levels 
have resulted in the earlier diagnosis of hyperparathyroid- 
ism. Thus, more patients with abnormal parathyroid 
glands are urdergoing surgery at an early stage in their 
disease, most often before symptoms have appeared. 

The advent of renal transplantation surgery has led to 
the correction of secondary hyperparathyroidism in 
patients with chronic renal insufficiency, if the trans- 
planted kidney functions normally. Persistent secondary 
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hyperparathyroidism results when renal insufficiency is 
not corrected by the operation. Autonomous hyperfunction 
of enlarged parathyroid glands may complicate successful 
renal transplant surgery and may jeopardize the renal 
transplant if hypercalcemia persists. When hypercalcemia 
is severe or persists for more than a few months, subtotal 
parathyroidectomy may be required. 

Parathyroid hormone, calcitonin, and vitamin D normal- 
ly maintain homeostasis of serum calcium through their 
effects on bone resorption and by the intestinal absorption 
and renal excretion of calcium. 

Parathyroid hormone secretion responds quickly to 
changes in serum calcium levels, acting on vitamin D 
synthesis, tubular resorption of phosphate, renal calcium 
excretion, and bone resorption. Calcitonin decreases bone 
resorption. An excess level of iPTH turns this balance 
toward hypercalcemia, hypercalciuria, and osseous decal- 
cification. With the rare exception noted in some cases of 
hypernephroma, hypercalcemia and abnormally high levels 
of iPTH coincide only in primary or tertiary hyperparathy- 
roidism. 

Locally recurrent hyperparathyroidism after removal of 
a single enlarged gland suggests malignant disease of the 
parathyroid glands, although such malignancy is rare. In a 
recent study,’ cancer was reported to be present in 3% to 
4% of patients with parathyroid lesions. This high inci- 
dence has not been encountered in our experience. Often 
the diagnosis can be made only after the appearance of 
local recurrence or distant metastasis. 

The histologic characteristics that are useful in deter- 
mining malignancy in other organs seem to be less applica- 
ble to endocrine tumors, especially tumors of the parathy- 
roid gland. Attempts at early diagnosis by microscopic 
examination of parathyroid tumors have, in the past, been 
fraught with inaccuracy. 

Clarification of the problem and proper management of 
parathyroid cancer rest on establishing reliable gross and 
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microscopic criteria for diagnosis and early definitive 
surgery. Because these tumors are unresponsive to either 
radiotherapy or chemotherapy, early adequate surgical 
treatment, such as is customary in managing other types 
of malignant tumors, may give more gratifying results. 

The problems encountered in treating carcinoma of the 
parathyroid glands are (1) the rarity of the disease, (2) the 
failure of surgery for recurrent tumor to effect a cure, and 
(3) the seeming ineffectiveness of either chemotherapy or 
radiotherapy. 


PATIENTS 


From 1928 through 1977, 2,013 patients underwent surgical 
exploration for primary hyperparathyroidism at our institution. 
Twelve patients (0.6%) had carcinoma of a parathyroid gland 
(Table). Two additional patients (cases 13 and 14) who had 
exploratory surgery performed elsewhere are also represented in 


the Table. 


PATHOLOGIC FINDINGS 


Grossly, parathyroid carcinomas tended to be large at 
the time of diagnosis (Fig 1). The weights of the primary 
tumors ranged from 1 to 16 g. Three specimens had obvious 
necrosis, and three showed evidence of gross calcifica- 
tion. 

Microscopically, all tumors appeared to have invaded the 
thick fibrous capsule, and many had infiltrated the 
attached muscle, thyroid (Fig 2), and connective tissue. 
This invasiveness was usually first noticed by the surgeon. 
Carcinomas of the parathyroid gland differed conspicuous- 
ly from adenomas. The cells were larger than chief cells 








Table 1.—Cancer of the Parathyroid Glands 


Operations at Mayo Clinic 





Calcium, iPTH,* Weight of 
Patient/Sex/Age, yr mg/dL uLEq No. Procedure Tumor, g Results 
1/F/561 17.2 ar 1 Excision of recurrent tumor 5.0 Died, 3 yr, metastasis 


and usually had moderately abundant clear cytoplasm or 
eosinophilic cytoplasm or a mixture of both (Fig 3). There 
was a greater tendency toward a monotonous cell prolifer- 
ation, and in general, the lesions lacked the bizarre large 
cells that are frequently seen in adenomas. The criteria for 
carcinoma, as established by Schantz and Castleman,? were 
met, including capsular and vascular invasion (Fig 2), 
mitoses (Fig 4), thick fibrous bands separating lobules of 
tumor (Fig 2), and a trabecular growth pattern. Of these 
features, the least helpful was the trabecular pattern. Even 
though all of the lesions had an organoid pattern that was 
related tc the rich vascularity, few were trabecular. Mitotic 
activity «Fig 4) was variable. Although mitotic figures 
were observed in all specimens, in only five were they 
found easily (two to five figures per ten high-power fields). 
Capsular infiltration was obvious in all lesions. When these 
criteria are met, parathyroid carcinoma can be diagnosed 
with cer-ainty. Also, parathyroid carcinoma may be 
detected defore capsular invasion has occurred. That early 
detection did not occur in any of the cases in this study 
reflects the dismal prognosis. 


COMMENT 


Experience in treating patients who have parathyroid 
cancer has been limited. Only 14 patients with parathyroid 
carcinoma have been treated at our institution despite our 
extensive experience with parathyroid disease. Clinical 
examinat.on of the patients with parathyroid carcinoma 
reveals that symptoms usually result from severe hypercal- 
cemia. A dalpable neck mass was present in nearly half of 








2^ 






2/F/61 11.9 T 2 Biopsy only; excision of tumor 5.4 Well, 16 yr 

3/F/60 14.1 er 1 Excision of tumor 3.0 Died, 1 yr, metastasis 

4/F/31 13.8 Pat. 1 Excision of tumor vds Well, 14 yr 

5/F/60t 16.0 «es 2 Cervical excision; mediastinal ine Died, 3 yr, metastasis 
excision 

Cervical excision; pulmonary 

resection; cervical excision; 
abdominal excisipn 


7/F/29 15.8 490 1 Excision of tumor 6.8 Well, 2 yr 
Lad 2 


8/M/45 16.6 Excision of tumor; 2xcision of 16.0 Died, 1 yr, metastasis 
recurrent tumor 


Excision of tumor; 3xcisions 
of recurrent tumer 


Excision of tumor; 3xcisions 
of recurrent tumer 


Excision of tumor; 2xcisions 
of recurrent tumer 


Excision of tumor 2.5 














6/M/371 Died, 3 yr, metastasis 
























9/F/64 Died, 18 yr, congestive 


heart failure 
Died, 3 yr, myocardial in- 
farction, metastasis 
Well, 12 yr, metastasis 







10/M/58 14.8 1,800 3 



















11/F/39 12 








Died, 1 yr, congestive 
heart failure 

Died, 33 yr, parathyroid 
cancer 

Died on admission, hyper- 

calcemic Crisis 


12/M/72 13 ia 1 











13/F/58§ 8.6 








14/M/38 19 







*Parathyroid hormone. 

tHad one operation elsewhere. 
tHad two operations elsewhere. 
§Had four operations elsewhere. 
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Fig 1.—Parath*roid carcinoma. Specimen shows invasiveness, 
necrosis, and central calcification. 





Fig 2.—Invasion of thyroid tissue and typical fibrous bonds 
between lobules of tumor (hematoxylin-eosin, original magnifica- 
tion x 100). 





Fig 3.—Cells ef parathyroid carcinoma usually have mixture of 
clear cells end cells with eosinophilic cytoplasm. Monotonous 
pattern showr here is typical of carcinoma (hematoxylin-eosin, 
original magnffication x 250). 


the patients in our study, and the serum calcium levels 
averaged 14.5 mg/dL. 

Surgical therapy most often included excision of a 
parathyroid - umor, followed by excision of recurrent tumor 
and surrouacing tissues that were involved through direct 
extension, including the cervical lymph nodes. Sternotomy 
and explora-ion of the mediastinal area involved with 
parathyroid »ancer and resection of metastatic pulmonary 
lesions were performed. No operation for recurrent tumor 
has been curative, although multiple excisions of recurrent 
tumor and metastatic tumor have aided in the control of 
hypercalcem-a. Radiation therapy to cervical and mediasti- 
nal areas ars been used, but is of questionable benefit. 
Metastatic lesions are commonly encountered and involve 
the cervical lymph nodes, the lungs, and the liver; and more 
rarely the adrenal glands, thyroid glands, kidneys, and 
bone tissue. In no instance has a patient with metastatic 
disease beer known to be cured. Only five patients (35.7%) 
in this smal group were alive five years after the initial 
diagnesis. Control of hypercalcemia in these patients 
derived mainly from the use of oral neutral phosphate and 
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Fig 4.—Mitotic figures always can be found in parathyroid carci- 
noma, although they are usually not as abundant as depicted 
here (hematoxylin-eosin, original magnification X 400). 


less often from mithramycin, both with limited success. 

A review of late 19th-century and early 20th-century 
literature reveals that positive identification of hyperfunc- 
tioning parathyroid cancer was lacking because of limited 
uncerstanding of the relationship between primary hyper- 
parathyroidism and tumors of the parathyroid glands. 

In 1909, de Quervain? described a 68-year-old man who 
had a 6.5-em tumor invading the jugular vein and sterno- 
cleidomastoid muscle. Examination of the tumor revealed 
parathyroid tissue. Within five months, local recurrence 
and pulmonary metastasis had occurred. Although this ease 
may be the earliest one on record, no bone changes were 
noted and chemical proof of hyperparathyroidism was 
lacking. 

After the successful surgical removal of an adenoma by 
Mandl in 1926, the relationship between primary hyper- 
parathyroidism and parathyroid adenomas was clarified, 
and with clinical laboratory support. the disease was 
correlated with the pathologic findings. 

By 1948, Norris' had collected more than 40 cases of 
parathyroid cancer. Proof of malignancy was lacking in all 
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but 15 cases, and of these, only seven had confirmed 
hypercalcemia. 

In 1950, Black and Ackerman’ described the pathologic 
features of parathyroid tumors and warned against using 
invalid histologic characteristics for diagnosing parathy- 
roid cancer. Parathyroid tissue that was loose in the 
capsule and free in vessels and the presence of giant cells 
were specifically noted as insufficient evidence of parathy- 
roid malignancy. 

In 1952, Woolner et al’ reported a major study of 
primary hyperparathyroidism. They noted that two of 140 
patients with primary hyperparathyroidism had parathy- 
roid cancer. From a review of the literature and their 
personal experience, they delineated four variations of the 
disease: (1) noninvasive tumors incompletely removed at 
operation, with subsequent growth of tumors, in which 
there was a favorable response after complete tumor 
removal; (2) invasive tumors of the parathyroids, with no 
recurrence or metastasis‘; (3) invasive tumors in which 
surgical removal of the parathyroids produced temporary 
remission of symptoms, but hypercalcemia recurred with- 
out known metastasis"; and (4) tumors inadvertently or 
intentionally grafted into neck muscles to prevent tetany, 
in which there were multiple recurrences.^'' Woolner et al 
concluded that hyperfunctioning, metastasizing carcinoma 
of the parathyroid gland is rare and that the microscopic 
appearance of a parathyroid tumor provides little or no 
information as to its potentialities. 

In 1954, Black* reviewed several cases of parathyroid 
cancer associated with hyperparathyroidism. Of the 20 
patients with such cancer, 12 had metastases, four had 
locally invasive disease and subsequent recurrence, and 
four had locally invasive disease and no recurrence at the 
time of the report. One patient died eight months after 
operation, and autopsy revealed widespread calcified de- 


posits but no residual cancer. The diagnosis was made on a. 


gross specimen in ten cases (the original tumor being 
locally invasive or adherent to surrounding structures). It 
was stressed that the microscopic appearance of parathy- 
roid cancer might be confused with the appearance of 
adenomas, because adenomas may have pleomorphic cells 
and giant cells with large nuclei, as well as small nests of 
tumor cells lying free within blood vessels. In 14 of the 20 
cases, there were mitotic figures. Some unusual type of 
cellular arrangement was noted in these 14 cases: sheets or 
solid pattern in six cases; alveolar, acinar, perithelial, or 
anastomosing cord pattern in seven cases, and both types 
in one case. An initial diagnosis of carcinoma was applied 
to the conditions of six of the 12 patients with metastases. 
The diagnosis was established in three cases on the basis of 
cellular pleomorphism, and in three cases the blood vessels 
were considered to be involved by tumor. Six patients had 
locally invasive lesions and underwent radical surgery. 
Three of the six, including one who had a hemithyroidecto- 


my, lived for an average of 41 months after surgery, and 
three had recurrence an average of 19 months later. Relief 
of symptems in patients who had metastasis or who later 
developec it lasted about 20 months. Ten of the 12 patients 
with metastases had a second operation. Three of four 
patients with invasive carcinoma at the original operation 
later had a recurrence and were operated on a second time. 
Of the 16 patients in whom recurrent symptoms developed, 
15 died and one was alive with a persistent tumor. The 
postoperative life-span of the 15 patients who died ranged 
from eight to 240 months, averaging 69.5. Autopsy was 
done in eight cases of metastasis; in seven, there was a 
locally persistent tumor. In two of five cases of local 
recurrene? without metastases, death occurred from acute 
hyperparethyroidism with hypercalcemia. 

After Black's review, at least one report of carcinoma of 
the paratayroid gland appeared in the medical I terature 
each year. In 1961, Barnes and Cope" described ten 
patients (-hree males and seven females) who were consid- 
ered to have primary hyperfunctioning parathyroid cancer. 
Only three of the ten patients were alive at the time of the 
report; tw were free of the disease, and two had died from 
conditions unrelated to their disease. At autopsy, residual 
tumor was found in one case. One patient was alive without 
disease after a follow-up of 12 years. 

Pollack st al'* reviewed the literature and reported two 
cases of parathyroid cancer in 1961. 

Holmes et al," in a collective review of parathyroid 
cancer in 1969, found that 52% of the patients hed meta- 
static disease; metastases to the cervical lymph nodes 
occurred im 32% and to the lung in 26%. Three patients had 
liver metastases. 

In a 1973 report of their experience, Schantz anc Castle- 
man’ reviewed the cases of 20 patients with parathyroid 
carcinoma at the Massachusetts General Hospital and 
added 50 patients whose slides had been sent to the 
Massachusetts General Hospital for review. Of these 70 
patients, only 20 (29%) were alive and without disease five 
years postoperatively. 

In a recent report, Jarman and associates! found that 
eight (5%) of 150 patients operated on for hyperparathy- 
roidism bezween January 1969 and December 1975 met the 
pathologie criteria for parathyroid carcinoma. 

Althoug’ isolated case reports of various aspects of 
parathyroil cancer continue to appear in the literature, the 
rate and frequency of cancer of the parathyroid gland have 
remained about the same. There has been an increased 
awareness of the importance of invasion as a diagnostic 
aid, but the diagnostic criteria and surgical treatment have 
not noticezbly improved or changed. 


Nonproprietary Name and Trademark of Drug 


Mithramycin — Mithracin. 
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Discussion 


Norman THompson, MD: It is interesting that in the Mayo Clinic 
study o^ 2,013 »atients with primary hyperparathyroidism, the 
incidence ef parathyroid carcinoma was 0.6%. In my personal 
experieaee with 500 cases of primary hyperparathyroidism, there 
have been only three with carcinoma—an identical incidence of 
0.6%. O-her groups have reported an incidence as high as 5%. I 
wonder whether the higher incidence in some reports is based on 
differences in pathological interpretation. 

I agree with Dr ReMine that the surgeon is the individual most 
respons ble for recognizing this disease. The surgeon can rely to 
some degree on the pathologist after the operation, but, as Dr 
ReMine has emphasized, the diagnosis can be suspected on the 
basis of clinical findings in patients with high levels of serum 
calcium (averaging 14.5 mg/dL in his cases) in conjunction with 
gross operative findings. Our three patients all had serum caleium 
levels aveve 14 mg/dL, and one had an initial serum calcium level 
of 22 mg: dL. Therefore, the index of suspicion should be greater in 
cases of patients with high serum calcium levels. 

Dr beMine showed a beautiful photograph of the typical 
appearance of a parathyroid carcinoma. We could see that the color 
was diferent and the capsule was thicker than in an adenoma. 
Both the gross appearance and the palpatory sensation of a 
carcinoma are different compared to an adenoma. We refer to 
adenomas as bemg “sensuous” on palpation, whereas a carcinoma 
is certainly not. | 

We had one patient with a carcinoma that was misdiagnosed at 
the initial operation as a large adenoma. One year after the 
excision of a 6-em tumor, recurrent disease developed. The patient 
actually walked into the hospital with a serum calcium level of 22 
mg/dL. We reviewed the material from an outside pathological 
report, and it was suggestive of, but not clearly diagnostic of, 
parathyroid malignancy. We found small white nodules implanted 
throughout the left side of the patient’s neck and involving the 
thyroié, recurrent laryngeal nerve, esophagus, larynx and strap 
muscles. This emphasizes that if a surgeon is in the least doubt 
about the nature of a parathyroid tumor, he should not break into 
its capsule. This is the worst thing to do, as the tumor will implant 
everywhere if it is carcinoma. If the parathyroid tissue appears in 
muscle that has been locally invaded, a pathologist would not have 
a problem making the diagnosis. In other cases, however, he might 
have difficulty m making a diagnosis on the basis of the tumor 
sections alone, because the histologic features may not be diagnos- 
tic. Mitotic figures may be rare or absent in some tumors, and 
capsular invasion isn’t always present. 

I would like to ask Dr ReMine one question. He has recom- 
mended that a radical neck dissection be done in some cases, and I 
believe he implied in his paper that he would recommend this 
routinely. Is it really necessary to do this when the tumor is 
confined withim a capsule and when there is no apparent lymph 
node involvement? Jarman et al recently reported on eight cases, 
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six of which were treated by excision of the tumor only. During an 
average follow-up of four years, there were no recurrences in this 
group. The only patient in Jarman's series who did have a 
recurrence and actually died of the disease had a radical neck 
dissection done initially. Is a routine neck dissection indicated in 
all cases? à 

ALLEN M. BoyDEN, MD, Portland, Ore: An experience bearing on 
both these reports of parathyroid problems may be of interest. 

Twelve years ago I was asked to see a 60-year-old man who was 
in a semicoma with a serum calcium level of 16 mg/dL. Because of 
our inability, at that time, to alleviate hypercaleemic crisis by 
medical means, I was urged by the patient's internists to operate 
without delay. On operation, a carcinoma of the right upper 
parathyroid body was found, involving the muscle wall of the 
esophagus and the right recurrent nerve. In addition, a large 
adenoma of the right lower parathyroid was removed. 

The patient recovered, lived for 18 months, and died of myocar- 
dial infarction. When he was last seen, one year after operation, 
his serum calcium level was normal. 

Here, then, is an instance of multiple parathyroid tumors, one of 
which was malignant. : 

EDWARD PALOYAN, MD, Maywood, Ill: I would like to congratu- 
late Dr ReMine's group for this comprehensive review of parathy- 
roid carcinoma based on the Mayo Clinic’s experience of over 50 
years. Our own experience has been limited to four patients, or an 
incidence of less than 2%, who were treated over the last 15 years. 
Our experience has been similar to Dr ReMine's. 

I would like to emphasize three principles Dr ReMine outlined 
that can bear repetition. First, the operating surgeon is in the best 
situation to suspect a carcinoma during parathyroidectomy. When 
the tumor is wholly confined within a capsule and fixed to 
surrounding tissues by a very thick and tenacious fibrous reaction, 
and when a knife is needed to excise the tumor, then parathyroid 
carcinoma should be suspected. 

Second, when most endocrine pathologists examine the histo- 
logic features, they will frequently admit that the diagnosis is 
quite difficult to make and will state that they cannot diagnose a 
carcinoma of the parathyroid unless distant metastases are 
demonstrable. | 

Third, patients who die from parathyroid carcinoma usually 
succumb to complications of uncontrolled hypercalcemia. 

I would like to give an example of a patient with a carcinoma 
that was initially misdiagnosed. A 33-year-old woman who was 
treated at our institution for hyperparathyroidism was given a 
barium swallow. We should have made the diagnosis of careinoma 
preoperatively on the basis of information from the roentgeno- 
gram, which shows a sharp square and rigid indentation caused by 
a carcinoma. In contrast, deviations produced by benign tumors 
are smooth and sometimes barely visible. 

ROBERT T. TipRick, MD, Chairman: The question of the quanti- 
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tative aspect of this study is a very important one. I wondered 
about it when I saw that the investigators had rounded off 
weights to tenths of a gram, but I suppose that was for conve- 
nience in the graphic presentation. Measurements today need to 
be made with very precise hypothecary scales and should be 
accurate to milligrams, at least. 

Don PuRNELL, MD, Rochester, Minn: It is a pleasure to hear the 
recommendation that the clinician be part of the advisory team in 
the surgical treatment of patients with hyperparathyroidism. 

I will answer first the question posed by Dr Thompson. Most of 
you would agree with our colleagues in surgery that radical 
surgical treatment of parathyroid carcinoma is justified only when 
it is clear at the time of surgery that there is local invasion, 
perhaps accompanied by cervical lymph node metastases. Such 
treatment is warranted only under these cireumstances. 

Dr Paloyan has discussed an interesting case of a patient with a 
large tumor mass that was detected only after a barium swallow. 
Unfortunately, it is often the case that a parathyroid carcinoma is 
recognized only after it has become very large. This has contrib- 
uted to the poor results of surgical treatment. 

An interesting question has been raised concerning hyperfunc- 
tion of parathyroid carcinomas reported to date. I think the reason 
for this is that they are slow-growing tumors that often mimic the 
morphology of the normal gland and therefore its functional 
capability. With a large mass of hypersecreting tissue, one would 
expect to see severe hypercalcemia and other manifestations of 
hyperparathyroidism. If these were highly malignant, grade III or 
IV carcinomas, in all likelihood we would not see such hypersecre- 
tion of parathyroid hormone. 

The dismal record in the past of surgical treatment for parathy- 
roid carcinoma should be improved because of earlier recognition. 
The use of serum biochemical screening tests in medical checkups 
and at the time of admission to a hospital has resulted in the 
detection of many cases of mild hypercalcemia that are asympto- 
matic. Currently, about 70% of cases of hyperparathyroidism 
requiring operation are first discovered in this manner. We may 
hope for a higher rate of cure in the future when these tumors are 
recognized earlier in their evolution. 
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Not all palpable parathyroid tumors with elevated levels of 
serum calcium and immunoreactive parathyroid hcrmone are 
malignant. They do constitute a problem, and a radical therapeutic 
approach to each of these would not be justified. The question is: 
How does one define, at the time of surgery, which tumor requires 
such treatment? I believe the question has been addressed in the 
text of the report. : 

In the future we may be able to treat more effectively the 
patient who has not been cured of parathyroid carcinoma by initial 
surgery. Ionizing radiation and chemotherapeutic agents have not 
been proven to be of benefit. 

What is needed are adjunctive measures to inhibit either 
parathyroid hormone secretion or the effects of parathyroid 
hormone. There are many analogous situations in endocrinology, 
such as the use of propylthiouracil or radioactive iodine in Graves' 
disease, mitotane or aminoglutethimide in hyperfunctioning adre- 
nal cancer, or bromocriptine to suppress secretion of prolactin in 
the galactorrhea-amenorrhea syndrome associated with small 
pituitary microadenomas. For the past several years, Dr Goldring 
and associates at the Massachusetts General Hospital have been 
performing in vitro studies that might provide a basis for a 
therapeutic adjunct to surgery for patients with parathyroid 
carcinoma or other hypercalcemic syndromes associated with 
increased parathyroid hormone secretion. These investigators 
have developed parathyroid hormone analogs using the 3 to 34 
fragment of the molecule and some substituted analogs that have 
the capability of binding to the parathyroid hormone receptor. 
These fragments of the parathyroid hormone molecule bind to the 
receptor, but do not initiate release of cyclic adenosine monophos- 
phate (AMP). Using renal cell membrane fragments, adequate 
amounts of 3 to 34 portion of the molecule or its analog can 
suppress completely the release of cyclic AMP. If substances with 
similar action could be developed for clinical use it should be 
possible to eliminate hypercalcemia by suppression of peripheral 
parathyroid hormone effects. Inhibition of parathyroid hormone 
secretion or of its peripheral effects should provide welcome 
symptomatic relief to patients with incurable parathyraid carcino- 
ma. 
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The Continued Importance of Adrenalectomy . 


in the Treatment of Cushing's Disease 


Richard A. Prinz, MD; Marion H. Brooks, MD; Ann M. Lawrence, MD, PhD; Edward Paloyan, MD 


e Eigh:een patients with pituitary-dependent Cushing's dis- 
ease hav» been treated during a ten-year period. Eleven of these 
received a total of 14 alternative forms of therapy in an attempt to 
control the clinical manifestations of Cushing's disease prior to 
adrenalectemy. However, no substantial improvement was noted 
in these patients, who included four receiving conventional 
pituitary irradiation, five receiving cyproheptadine, two receiving 
mitotane, and one each receiving metyrapone and phenytoin. 
One patient had an attempted transsphenoidal hypophysectomy 
that could no: 5e accomplished because of hemorrhage. A 
complete rem ssion of the signs, symptoms, and laboratory 
abnormelities of Cushing's disease occurred in all 18 patients 
following bilateral adrenalectomy. There was no operative 
mortality and merbidity was minimal. This experience confirms 
that bileteral acrenalectomy is a rapid, safe, and permanent 
means oí reversing hypercortisolism and that it should remain an 
integral part o* the treatment of Cushing's disease. 

(Arch Surg *13:481-484, 1979) 


aturally occurring Cushing's syndrome can be caused 
by benign or malignant adrenal tumors that autono- 
mously secrete cortisol, nonpituitary tumors that ectopical- 
ly procuee acrenocorticotrophic hormone (ACTH), and 
hypersecretion of ACTH by the pituitary. Excess pituitary 
secretion of ACTH, which is known as Cushing's disease, is 
the mest common cause of the syndrome if exogenous 
administration of glucocorticoids is excluded. 

It is zenerally agreed that optimal therapy for Cushing’s 
syndrome sezendary to ectopic ACTH secretion or adrenal 
neoplasia is operative removal of the tumor. There is no 
such eoneensus concerning the management of Cushing’s 
disease, and proper treatment remains a subject of much 
debate. Bilateral adrenalectomy, long the cornerstone of 
therapy for pituitary-dependent Cushing’s disease, has 
recently been challenged by other therapeutic modalities. 
Transsphenoidal microsurgical hypophysectomy, pituitary 
radiation with either conventional or proton beam therapy, 
and pharmacologic agents including cyproheptadine 
hydrochlorice. phenytoin, e, mitotane, and metyrapone 
have all been proposed as possible methods of therapy for 
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Cushing's disease. Our experience with these alternative 
forms of therapy has been disappointing, whereas the 
effectiveness of bilateral adrenalectomy has been 
repeatedly demonstrated. In view of this, we believe that 
bilateral total adrenalectomy should remain an integral 
part of the treatment of Cushing's disease. 


PATIENTS AND METHODS 


This study consists of a retrospective analysis of 18 consecutive 
patients treated for Cushing's disease since 1968. There were two 
male and 16 female patients in this group. The average age of the 
patients was 27 years, with a range of 14 to 63 years. The diagnosis 
of Cushing's disease was established by the following criteria: (1) 
presence of classical signs and symptoms of Cushing's syndrome; 
(2) inappropriate elevation of the plasma cortisol level; (3) absence 
of normal diurnal variation of the plasma cortisol level; (4) 
elevation of urinary 17-hydroxycorticosteroids (17-OHCS) and 
17-ketosteroid (17-KS) levels; (5) failure to suppress urinary 
17-OHCS excretion after low-dose dexamethasone administration 
(0.5 mg orally every six hours for three days); and (6) suppression 
of the urinary 17-OHCS level with high doses of dexamethasone (2 
mg orally every six hours for three days). All 18 patients with 
Cushing’s disease underwent bilateral total adrenalectomy, which 
confirmed the diagnosis of bilateral adrenocortical hyperplasia. 
Adrenalectomy was performed transabdominally in 16 patients, 
and through bilateral flank incisions in two patients. Concomitant 
procedures were performed at the same time as adrenalectomy in 
two patients. One patient with cholelithiasis had a cholecystecto- 
my, and another patient with multiple preoperative pulmonary 
emboli had a clipping of the inferior vena cava. 

Eleven patients in this group received a total of 14 alternative 
forms of therapy in an attempt to control the clinical manifesta- 
tions of Cushing’s syndrome prior to adrenalectomy. One patient 
underwent an attempt at transsphenoidal microsurgical hypo- 
physectomy; 2 had conventional pituitary radiation; 4 received 
cyproheptadine; 1 received phenytoin; 1 was treated with mito- 
tane; 1 was treated with radiation and cyproheptadine; and 1 
received radiation, mitotane, and metyrapone. 


RESULTS 


Minimal or no improvement occurred in the 11 patients 
initially treated with alternatives to bilateral adrenalecto- 
my. The transsphenoidal hypophysectomy was terminated 
because of hemorrhage secondary to increased vascularity 
around the pituitary gland. The postoperative course of 
this patient was complicated by bacterial meningitis, 
which resolved with antibiotic therapy and supportive care. 
There was no clinical or biochemical improvement in the 
two patients treated with conventional pituitary irradia- 
tion. Plasma cortisol and urinary 17-OHCS excretion 
returned to normal for periods of one and 11 years 
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. respectively in two other patients treated with pituitary 


irradiation. Despite this apparent "cure," each patient had 
only minimal improvement in the signs and symptoms of 
Cushing's disease, and one patient even developed insulin- 
requiring diabetes. Recurrent elevations of plasma cortisol 
and urinary 17-OHCS excretion eventually occurred in both 
patients. All clinical manifestations of Cushing's disease, 
including diabetes, disappeared in these two patients 
following bilateral adrenalectomy. Two patients were 
treated with mitotane, but in both cases the medication 
was discontinued because of anorexia, nausea, and depres- 
sion. No substantial improvement was noted during the 
period of administration. No demonstrable change in clin- 
ical or biochemical status was noted in five patients treated 
with cyproheptadine or in one patient treated with pheny- 
toin. A slight but transitory decrease in the severity of 
Cushing's disease was noted in one patient given metyra- 
pone. 

Bilateral adrenalectomy was performed in all 18 patients 
with no operative mortality. Splenectomy was performed 
in two patients following intraoperative injury. Immediate 
postoperative morbidity was minimal There were no 
wound infections, but two patients had urinary tract 
infections and one had atelectasis. A pulmonary embolus 
developed in one patient two weeks after operation. This 
was the most serious complication encountered in this 
series and required readmission for anticoagulation thera- 
py. 

A complete remission of the signs, symptoms, and 
laboratory abnormalities of Cushing's syndrome occurred 
in all 18 patients following bilateral adrenalectomy. These 
patients now lead productive lives, receiving maintenance 
steroid therapy. There has been no evidence of recurrent 
Cushing's disease during a follow-up period ranging from 
six months to ten years. All nine patients who were 
hypertensive prior to adrenalectomy are now normotensive 
and no longer receive antihypertensive medication. The 
two patients who required insulin now have normal fasting 
blood glucose levels and no longer require hypoglycemic 
medication. No pituitary tumors developed after adrenal- 
ectomy, but a noticeable increase in skin pigmentation has 
occurred in one patient. 


COMMENT 


The search for an ideal form of therapy for Cushing’s 
disease has been hampered by a lack of complete under- 
standing of the pathogenesis of this illness. Harvey Cush- 
ing first postulated that the syndrome was due to the 
development of an ACTH-secreting pituitary tumor. 
Several recent studies support this concept." Tyrrell et al? 
reported that 15 of 18 patients (83%) with Cushing’s 
disease who underwent transsphenoidal hypophysectomy 
were found to have microadenomas of the pituitary 
gland. | 

Other investigators believe that Cushing's disease is the 
result of a CNS dysfunction. It has been suggested that the 
hypothalamus may lose its sensitivity to cireulating corti- 
sol and seerete excessive amounts of corticotropin-releas- 
ing faetor (CRF). This hypersecretion of CRF induces 
pituitary hyperplasia or neoplasia, with inereased produc- 
tion of ACTH. The finding of abnormal hypothalamic 
pituitary function in some patients and the observation 
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that cyproheptadine, an agent that blocks seritonin- 
mediated ACTH release, may induce a remission in Cush- 
ing’s disease support this concept.’ However, verification 
of this hypothesis must await the development of tech- 
niques to measure CRF. | 

The zvailability of-steroid hormones for replacement 
therapy has made bilateral adrenalectomy the most 
commor form of therapy for Cushing's disease. Total 
adrenalectomy rapidly reverses the effects of hypercorti- 
solism and assures permanent remission of disease with 
relatively little mortality.’ Permanent dependence on 
steroid replacement therapy and the possibility of devel- 
oping en ACTH-secreting pituitary tumor (Nelson’s 
syndrome) have prompted the search for alternative forms 
of thera»y for Cushing's disease. Despite these concerns, 
experience to date indicates that the risk of developing 
Nelson's syndrome is 10% or less" and that steroid replace- 
ment therapy poses little diffieulty for the patient or 
physician. It should also be noted that steroid replacement 
is necessary for relatively long periods in patents who 
have urdergone transsphenoidal hypophysectomy for 
treatmert of Cushing’s disease.’ 

Autotransplantation of adrenal tissue to a more accessi- 
ble site m conjunction with bilateral adrenalectomy may 
make it possible to preserve normal adrenal function and 
avoid the need for exogenous steroids. Although the adre- 
nal cortex is relatively resistant to autotransplantation, 
our studies and those of others™'’ suggest that a viable 
graft car be achieved in some patients. Development of 
methods to evaluate the secretory function of the trans- 
planted t ssue is essential to the success of this technique 
since it is important to determine when the patient can be 
safely weaned from replacement steroids. Hardy* has used 
biopsy amd histologie evaluation of the graft for this 
purpose. This technique decreases the amount of function- 
ing tissue and jeopardizes the viability of the remaining 
autograft In addition, histologic examinations may not 
adequately reflect the secretory capacity of the graft. 
Kaplan ar d Shires* have tried to determine graft viability 
by comparing plasma cortisol levels in the venous drainage 
of the gra^t with those in the systemic circulation. We have 
used isotope scanning with 6-5-'"I- iodomethyl-19-norcho- 
lesterol (NP-59) to demonstrate graft viability." Since 
this agent is taken up by adrenocortical tissue and used in 
glucocortieoid synthesis, a positive scan confirms actual 
function ef the graft. This technique also proves that 
adrenalectomy has been complete and that steroid synthe- 
sis is not occurring in adrenal remnants in the retroperi- 
toneum. Since autotransplantation is a form of subtotal 
adrenalectomy, it is possible that recurrent Cushing’s 
disease could be caused by hyperfunction of the autotrans- 
plant. We aave not encountered this problem, but should it 
occur, it would be relatively simple to remove part of the 
graft with the patient under local anesthesia. 

Improvement in microsurgical techniques has stimulated . 
interest ir transsphenoidal hypophysectomy for treat- 
ment of Cishing’s disease. In a recent study, Salassa et al: 
demonstra.ed a pituitary microadenoma in 18 of 22 
patients w th Cushing's disease by careful radiologic eval- 
uation, consisting of tomography of the sella and bilateral 
carotid arteriograms with magnification and subtraction 
techniques. A pituitary microadenoma was found at hypo- 
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' was corrected i in 16. Tyrrell et al? also reported correction - 
of hypereortisolism i in 17 of 2) consecutive patients treated 
by transsphenoidal hypophysectomy. Large venous sin- 
uses in t^e dura prevented adequate exploration of the 
pituita-y gland in two patierts, and this problem was also 
responsible for failure of trans-sphenoidal hypophysecto- 
my in our series. These impressive results have been 
achieved by Fighly skilled neurosurgeons with vast experi- 
ence in this type of mierosurgery. Whether comparable 


results *an be achieved by other neurosurgeons remains to. 


be determined. The status of pituitary and adrenal func- 
tion fol owing selective removal of microadenomas by this 
techniqae requires further study. At present, most 
patients have not been weaned from exogenous steroids, 
and long-term follow-up will be necessary to determine the 
risk of having recurrent Cushing's disease after this 
procedure. 

Externa! irradiation of the pituitary gland for this 
disease was introduced by Harvey Cushing and has been 
used with variable success. Improvements in radiation 
therapy technology and the development of the linear 
accelerator have renewed interest in this form of therapy. 
Jennings et al'* have reported that 12 of 15 children treated 
with cobalt radiotherapy were “cured” of Cushing’s 
disease. Lawrence et al obtained remission in 62% and 
substantial improvement in 16% of patients treated with 
alpha particle radiation from a linear accelerator.” Similar 
results have also been reported by Kjellberg'' at Massachu- 
setts General Hospital. Despite these favorable reports, at 
least 20% to 40% of patients with Cushing's disease fail to 
respond to p.tuitary irradiation. At present, there is no 
way to select those patients who will benefit from radia- 
tion therapy and valuable time can be lost since the 
response to treatment may not be apparent for one to two 
years. In addition, late recurrence of Cushing's disease can 
occur despite initial remissions. Two patients in our series 
failed te respond and two others had clinical progression of 
disease despite improvement in biochemical parameters. 
Careful long-term follow-up is necessary when radiation is 
used to detect therapeutic failures and late recurrence of 
disease. 

Medieal therapy has been advocated not only to reverse 
the effects of hypercortisolism before adrenalectomy but 
also as definitive therapy for Cushing's disease. Metyra- 
pone, an 1l-B hydroxylase inhibitor, acts by blocking 
cortisol synthesis. This effect is usually transitory since a 
compensatory increase in ACTH secretion will develop and 
over-ride the initial blockade. The improvement noted in 
one patient in this series was short-lived and did not 
substantially change the progression of the disease. Pheny- 
toin therapy accelerates catabolism of circulating glucocor- 
ticoids and can be helpful in diminishing the effects of 
hypercertisolism. No improvement was noted in one 
patient in this series who received phenytoin. 

Another drug, mitotane, has been used in the treatment 
of Cusking's syndrome. This agent, a derivative of the 
insectic:de DDT, causes seleetive destruction of the zona 
fascieulata and reticularis of the adrenal cortex. Thus, in 
effect, t results in a medical subtotal adrenalectomy. 
Although micotane has been used more commonly for 
functioning adrenal cortical carcinoma, some studies have 
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- disease.” The onset of action is slow, 'and adrenal function 
must be closely monitored during therapy to prevent the 
development of adrenal insufficiency. Side effects from 


mitotane are common and severe. Anorexia, vomiting, 


nausea, and mental depression proved so disabling in two 
of our patients that the therapy had to be discontinued. 

Cyproheptadine, a seritonin antagonist, has been used in 
the treatment of Cushing's disease. Rationale for this 
mode of therapy resides in the observation that seritonin 
may be the neurotransmitter in the hypothalamus that 
stimulates ACTH release. It was postulated that cyprohep- 
tadine might block the response and thereby decrease 
ACTH secretion. Krieger et al? have reported clinical and 
laboratory remissions in several patients treated with 
cyproheptadine. However, we were unable to detect any 
improvement in five of our patients during administration 
of this drug. Other investigators have likewise failed to 
induce remissions in Cushing's disease with this agent." 

The effects of prolonged hypercortisolism are life- 
threatening. Before the advent of bilateral adrenalectomy, 
more than 50% of patients with Cushing's disease died 
within five years of diagnosis." Cardiovascular disease was 
the major cause of this high mortality. Bilateral adrenalec- 
tomy corrects both hypertension and diabetes associated 
with this disease. Successful therapy should improve the 
long-term prognosis of these patients by eliminating these 
risk factors of cardiovascular disease. Montgomery and 
Welbourn’? have reported that survival rates in Cushing’s 
disease should now equal natural life expectancy. 

Our experience confirms previous reports that bilateral 
total adrenalectomy is a reliable form of therapy for 
Cushing's disease. Because adrenalectomy offers rapid, 
safe, and permanent relief of hypercortisolism, it should 
remain an integral part of the treatment of this disease. 
Hopefully, improvements in adrenal autotransplantation 
will preserve normal adrenal function and obviate the need 
for steroid replacement therapy. 
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Discussion 


RICHARD D. Ligcuty, MD, Denver: Dr Prinz has emphasized that 
surgical adrenalectomy still has an important role in the treat- 
ment of Cushing’s disease, and I completely concur. Let me give 
you two examples why. 

The first patient was a physical education instructor at a local 
university. She had won a woman’s tennis title in July. In 
September, she had to be brought into the hospital in a wheelchair, 
an example of fulminating Cushing’s disease. 

The next patient, a young girl, was 11 years old when Cushing’s 
disease developed. Eight years later, she had a normal baby. She 
has remained fertile eight years after bilateral adrenalectomy. 

With their microsurgical techniques and the transsphenoidal 
approach, neurosurgeons have shown that most patients with 
Cushing’s disease have microadenomas or macroadenomas of the 
pituitary glands. But I doubt that microsurgery of the pituitary 
gland is the final answer to the cure of Cushing’s disease. 

First, in some cases (one patient in this series), the anatomical 
variations make this approach impossible. Few neurosurgeons 
have mastered these extremely demanding techniques. Thus, 
these procedures are likely to be limited geographically, at least 
for some time. Most patients have to take steroids after transsphe- 
noidal microsurgery. Thus, this is no improvement over adrenalec- 
tomy. 

These operations may compromise fertility and other pituitary 
functions. Finally, we do not know what the recurrence rate is 
after transsphenoidal surgery. Neurosurgeons have been perform- 
ing these procedures for only four or five years. 

We have learned some valuable lessons from the neurosurgeons. 
They have reemphasized that the disease lies in the pituitary 
gland. But whether it comes from constant stimulation of the 
pituitary from the hypothalamus (corticotropin-releasing factor) 
or begins in the pituitary remains unclear. 

Another patient was a 22-year-old student nurse who had a 
bilateral adrenalectomy for rapidly progressing Cushing’s disease. 
We transplanted some of the cortical tissue into her forearm. It 
survived and functioned. Therapy with exogenous steroids was 
discontinued. However, this has not prevented her from experienc- 
ing hyperpigmentation and a pituitary lesion (Nelson’s syndrome), 
for which she is currently undergoing irradiation therapy. 
Although none of the patients in this series had Nelson’s 
syndrome, Cohen reported an incidence of 38%. In my own 
experience, three of 11 patients had this complication. 

In conclusion let me ask three questions: What is your routine 
for evaluating these patients postoperatively? Our neuroradiolo- 
gists tell me that they have been disappointed in the computerized 
axial tomography scan in detecting pituitary enlargement. I 
wonder if you have had a similar experience. 

Second, you use the abdominal approach in about 90% of your 
patients. Why do you prefer the abdominal approach? Is it to take 
care of other disease in the abdomen such as gallstones? Is it to 
look for ectopic adrenal tissue? 

Finally, among your 16 female patients, have any become 
pregnant after adrenalectomy? 

LAWRENCE W. O’NEAL, MD, St Louis: As the authors have 
indicated, there are a number of modalities that have been offered 
in the literature for treatment of Cushing’s disease, and I think we 
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able treatment modalities. - | 

Subtotal adrenalectomy, cyproheptadine, mitotane, and amino- 
glutethimile, metyrapone, phenytoin, and conventiona! pituitary 
irradiation have given only incomplete and transient remissions, 
in most ceses, and consequently, I think are now unacceptable 
methods o^ treatment. 

Among -he aeceptable methods of treatment are totzl adrenal- 
ectomy wth prompt relief of hypercorticism, or procedures 
directed at the pituitary, which are definitive. 

Of the 40 adrenalectomies that I performed for Cushing's 
discase between 1953 and 1970, nearly half have subsequently 
resulted ia the need for pituitary operations for aggressive 
pituitary tumor. 

I recogmze that this is the highest that has been acknowledged 
in the literature, much higher than almost anybody ele has 
reported. 

In a number of other cases, the hyperpigmentation that is so 
premonito-y of the aggressive pituitary tumor has appeared. 
Because cf this experience, I recently have not been doing 
adrenalectomy as the initial treatment in most cases of Cushing's 
disease, but have referred these cases for pituitary surgery. If the 
pituitary timors are small, the central and inferior portion of the 
pituitary gland ean be removed and some patients may return to 
normal endocrine status. Larger adenomas require remcval of 
more pituitary and hypopituitism may result. 

I now reserve adrenalectomy as primary treatment to young 
women who desire children. 

The authors’ conclusion that adrenalectomy relieves the hydro- 
corticism rapidly, safely, and permanently is perfectly correct, but 
when the birds come back to roost, they roost in or near the 
sella. 

DR PALCYAN: Dr Liechty had three questions. The first ore was: 
How do yoa routinely evaluate these patients’ conditions postoper- 
atively? This is done by our endocrinologists. The usual tests for 
preoperative evaluation are repeated postoperatively. Im addition, 
these patients are periodically evaluated for Nelson’s syndrome; 
this incluces conventional x-ray films of the sella turciea and 
tomograply when indicated. 

The seecnd question from Dr Liechty was: Why did we use ihe 
abdominal approach? For a number of years, we did use the 
abdominal approach for the reasons you stated, in search of ectopic 
sites, and because of the high incidence of gallstones in these 
patients, sometimes unsuspected. | 

Since the advent of the CAT scan and the beautiful delireation 
of adrenal enlargement, we have really changed our approach to 
the direct umbar route. We believe this is a far superior approach 
in most patients, because the postoperative morbidity is far less. 

The third question was: Did any of these patients have a normal 
pregnancy after adrenalectomy? The answer is yes, we have had 
one patien- who became pregnant about 18 months after adrenal- 
ectomy and was delivered of a normal baby boy. 

Of course, the question of Nelson's syndrome is paramcunt in 
everyone's mind. In our institution, when patients with Cushing's : 
disease have an abnormality of the sella, they are referred to the 
neurosurgeons for either transsphenoid or other approaches to 
hypophysee-tomy. 

Regardiag the efficacy of transsphenoidal hypophysectomy, we 
will have t» wait a number of years until long-term results can be 
compared with those of bilateral adrenalectomy. 

As was 2mphasized earlier, nearly all of the 18 patients from 
San Francesco who had transsphenoidal hypophysectomy became 
permanen ly dependent on adrenocortical steroids. 

Howeve-, as general surgeons, with bilateral adrenalectomy we 
are in a pcsition to autotransplant adrenocortical tissue in acces- 
sible sites. such as the abdominal wall. A number of eases have 
already been reported with long-term cure of the disease, with no 
dependence on adrenocortical steroids. 
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Experience With Lobular Carcinoma 


of the Breast 


Emphasis on Recent Aspects of Management 


Robert P Davis, MD; Paul F. Nora, MD; Russel G. Kooy, MD; James R. Hines, MD 


€ A total of 105 patients with 'obular carcinoma of the breast 
were seen St two hospitals between 1966 and 1978. Mammogra- 
phy was found to be of limited value in the preoperative assess- 
ment of these patients. As reported by others, there was a high 
incidence of bilateral lobular neoplasia. In the patients with 
lobular careinoma in situ for whom follow-up data were available, 
all were alive and well. In contrast to this, infiltrating lobular 
carcinoma was found to be as malignant a lesion as any other 
infiltrating 5reast cancer regardless of the operative procedure 
performed. These latter tumors were found to bind substantial 
levels of estrogen receptor proteins. From the information 
gained, it is suggested that early hormonal manipulation and/or 
chemotherapy may be advantageous in the patient with recurrent 
infiltrating obular carcinoma in particular. 

(Arch Surg 114:485-488, 1979) 


er ae. a, in 1941, Foote and Stewart' and Muir’ 
deserisec the neoplastic process of the mammary 
lobules known as lobular carcinoma in situ or lobular 
neoplasia. Sirce then, the literature on lobular carcinoma 
has detaied numerous reperts concerning bilaterality, 
multicentmcity, cumulative risk factors, and operative 
management. Recent articles** have emphasized the sensi- 
tivity of tae mammary lobules to circulating steroids and, 
in partizu ar, to estrogen. 

A retrospeetive review of patients with this diagnosis 
was uncer-aken at two Northwestern University-affiliated 
hospita& mn Chicago. Data as to preoperative diagnostic 
evaluatior, intraoperative management, and survival have 
been obta:ned. 


SUBJECTS AND METHODS 
Clinical Fopulation 


The hospital records of all patients with a diagnosis of lobular 
carcinoma of the breast at Northwestern Memorial Hospital and 
Columbus Eospital from 1966 to 1978 were reviewed. There were 
105 patients with this pathologic diagnosis. All were women 
ranging in 2ge from 29 to 83 years; the mean age was 55 years. The 
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white-black ratio was 10:1, a finding similar to the general hospital 
admissions. 

A mass was the initially occurring symptom in 100 patients. 
Pain and tenderness were present in 87%, and skin dimpling and 
nipple retraction were present in another 14%. Half of the tumors 
were discovered by the patient and half by the physician. Delays in 
diagnosis ranged from one month to five years. 

There was a positive family history of carcinoma of the breast in 
25 patients, an incidence of 24%. Thirty-four patients had been 
taking birth control pills or estrogen supplementation for the 
postmenopausal state. Sixty-nine women were in the postmeno- 
pausal category. 

Preoperative mammography had been performed in 31 patients. 
Review of these roentgenographic reports showed that eight were 
considered abnormal, nine suspicious, and 14 normal for evidence 
of malignant neoplasm (Table 1). Mammography was therefore of 
limited value in the preoperative assessment of these patients. 
The interpretation was suspicious or abnormal in more than half 
of the patients with in situ lesions whereas it was normal in almost 
one half of the patients with infiltrating cancers. 

All patients underwent excisional biopsy or needle aspiration 
before definitive surgical treatment. This treatment was individ- 
ualized by the patient's surgeon. Biopsy of the other breast, either 
at the time of the definitive treatment or some months later, was 
performed in selected cases. Estrogen receptor protein studies 
were performed in 17 patients in the later years as the test became 
more readily available. Estrogen receptor protein studies were 
performed according to the method described by Jensen et al. 
More than 250 fenta moles (fmole) of estrogen receptor protein per 
gram of tumor was considered significant in the premenopausal 
patient and more than 750 fmoles was considered significant for 
the postmenopausal patient. 

The pathologic findings in this series of 105 patients were as 
follows: (1) 26 patients had lobular carcinoma in situ in the primary 
breast; (2) 48 cases of infiltrating lobular carcinoma were encoun- 
tered; (3) 12 patients had infiltrating lobular carcinoma and 
lobular carcinoma in situ; (4) four patients had infiltrating lobular 
carcinoma and infiltrating ductal carcinoma; (5) 13 patients had 


lobular carcinoma in situ plus an infiltrating ductal carcinoma; and 


(6) two patients had the combination of a lobular carcinoma in situ 
and a tubular carcinoma. 

Nineteen patients with lobular carcinoma, either in situ or 
infiltrating, associated with another cell type of infiltrating 
breast cancer were treated with either a standard or modified 
radical mastectomy. One of these patients is alive with known 
metastatic disease, another died having had recurrent disease, and 
17 are alive without evidence of recurrent disease. The 86 patients 
with only the diagnosis of lobular carcinoma, either in situ, 
infiltrating, or both, are the subject of the following detailed 
analysis. 


Lobular Carcinoma of the Breast—Davis et al 485 


"d ard 


wb s 


E ! 


a A AT. 


» 


Table 1.—Mammography 


Primary Breast Pathologic Condition Positive Suspicious Negative Total (N = 31) 
Lobular carcinoma in situ 1 4 4 9 
Infiltrating lobular carcinoma 


5 3 3 11 
Infiltrating lobular carcinoma and lobular carcinoma in situ 1 0 2 3 
Lobular carcinoma in situ and infiltrating ductal carcinoma 1 2 5 8 






Table 2.—Patients Operated on During the Period 1966-1973 


No Evidence Alive, Recurrent Died, Recurrent 
Type of Carcinoma of Disease Disease Disease Total Lost to Follow-up 


Lobular carcinoma in situ 


5 sae Kry 5 3 
Infiltrating lobular carcinoma 7 1 3 11 2 


Infiltrating lobular carcinoma and lobular carci- 
noma in situ 





Method of Treatment carcinoma in situ, and six were found to have fibrocystic 
disease. 
Of the 86 patients included in this study, 26 had lobular 
carcinoma in situ in the primary breast. All of these patients were RESULTS OF TREATMENT 
operated on for a mass that, in most instances, contained fibrocys- Period: 1966 to 1973 


tic disease as well as the lobular carcinoma in situ. Five were 
treated with excisional biopsy alone, 14 underwent a total mastec- 


tomy, five had a modified radical mastectomy, and two had a 3 
standard radical mastectomy. There were no patients with axillary year follow-up analysis (Table 2). Of these 27, there were 


inétastaata six patients for whom no information as to survival or 
Fifteen of these patients were subjected to subsequent diagnos- recurrence could be obtained. Of the 21 patients in whom 
tic evaluation of the contralateral breast. Of the 15, eight were follow-up data were available, 15 were alive and well 
found to have another lobular carcinoma in situ while one patient without 2vidence of recurrent disease, thus giving an 
had an infiltrating lobular carcinoma. This is an incidence of uncorrected five-year survival rate of 72%. 
bilaterality in more than one half of the patients subjected to Of the patients with lobular carcinoma in situ, there 
contralateral biopsy. Of these nine patients with lobular carcinoma were nine patients whose operative procedures were 
in the contralateral breast, one was treated by excisional therapy performed during this period. Four of these patients were 
alone, six by a total mastectomy, and two by a standard radical oy . . , . 
: E : not availeble for follow-up information. Five patients were 
mastectomy. Five additional patients who underwent biopsy of $ . f ; 
alive without evidence of recurrent disease. Three had been 


the opposite breast were found to have fibrocystic disease while : : : 
one patient had sclerosing adenosis. One patient had undergonea tY eated with a total mastectomy, one with a medified 


previous mastectomy of the contralateral breast for infiltrating radical mastectomy, and one with a standard radical 


Follow-up data were available on 80 of the 86 patients in 
this series. Twenty-seven patients were eligible for five- 


ductal carcinoma. mastectomy. There were no instances of nodal disease and 
A total of 48 patients had infiltrating lobular carcinoma in the no instances of bilateral lobular neoplasia. 
primary breast. Four of these patients had such advanced disease There were 13 patients with infiltrating lobular carcino- 


that they were treated by biopsy alone. Nine patients underwent ma who were followed up for more than five years. Seven 
total mastectomy and three patients had a total mastectomy with — of the 13 5atients were alive without evidence of recurrent 
axillary dissection. Twenty patients underwent a modified radical disease. One was alive with recurrence of her pr mary 
mastectomy and 12 underwent a standard radical mastectomy. breast pathologic condition. Two died with known wide- 
There were 17 instances of positive axillary lymph nodes in the 35 spread metastatic disease One patient; died without recur. 


patients from whom nodal sampling was obtained. Nineteen | h dit; Tw 
patients underwent operative evaluation of the opposite breast. rence of her primary breast pathologie condition. Two 


There were six instances of fibrocystic disease, five lobular patients were lost to follow-up. All of the patients who 
carcinomas in situ, three infiltrating lobular carcinomas, and five were alive without evidence of recurrence of disease were 
other carcinomas of the breast of mixed cell type. More than two treated with a mastectomy: three had modified anc four 
thirds of these patients undergoing contralateral biopsy had had standard radical mastectomies. Three patients had 
malignant disease in that breast. positive rodes. There were two cases of bilateral involve- 
There were 12 patients in whom the diagnosis of infiltrating ment; in both instances lobular carcinoma in situ was 
lobular carcinoma was accompanied by a diagnosis of lobular “resent im the other breast. The overall, uncorrectec five- 
carcinoma in situ in the same breast. One patient’s advanced : > ; 3 
disease precluded further surgical therapy and she underwent year surv-val rate in this group of patients des SUAE : 
Of the five patients in whom the combination of infil- 


biopsy alone. One patient was treated by a total mastectomy. i : : Ties 
Eight patients had a modified radical mastectomy and two hada trating Icbular carcinoma and lobuiar carcinoma in situ 


standard radical mastectomy. There were two patients with Was present, three were alive without evidence of recur- 
positive axillary nodes in the ten axillary nodal specimens. Seven rence of disease for more than five years. One cied with 
patients had contralateral biopsy done, one of these having lobular recurrent disease and one died of other causes. Al: of these 
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Table 3.—Patients Operated on During the Period 1974-1978 


4l 





No Evidence 


i Pathologic Condition of Disease 


Died, Recurrent 
Disease 


Alive, Recurrent 


Disease Total (N = 59) 


Lobular carcinoma in situ 


Infiltrating lobular carcinoma 


16 ae » 17 
21 6 8 35 
6 1 8 7 


Infiltrating lobLlar carcinoma and lobular 
carcinoma in situ 


*Previous infiltrating ductal carcinoma in contralateral breast. 


Table 4.—Patients in Whom Estrogen Receptor Protein 
Studies Were Done 













Positive /No. of 





Pathologic Condition Patients Studied % Positive 
Infiltrating lobular carcinoma 10/11 90 
Infiltrating lobular carcinoma and 

lobular carc noma in situ 1/1 100 


Total 11/12 92 


patients were treated with a radical mastectomy; there 
were no instances of positive nodes and no instances of 
bilateral lobular neoplasia. 


Period: 1974 to 1978 


Of the 59 patients followed up for less than five years, 
none have been lost to follow-up (Table 3). Forty-three 
patients are alive with known recurrent disease and eight 
died with known metastatic disease. All eight of the 
patients who died had infiltrating lobular carcinoma as 
their primary pathologic finding. There seemed to be no 
significant relationship to operative procedure performed 
or nodal status in those patients with recurrent disease. 


COMMENT 


Our findings confirm the findings of others that infil- 
trating lobular carcinoma of the breast has a prognosis 
similar to invasive ductal carcinoma. This seemed to be 
true regardless of the type of surgical procedure performed 
or whether a coexistent ipsilateral or contralateral invasive 
breast malignant neoplasm was present. 

Invasive carcinoma of lobular or ductal type should have 
the kind of surgical procedure that the surgeon believes 
guarantees the maximum chance of cure with an accept- 
able eosmetie surgical deformity. We think that these 
patients should have a modified radical mastectomy. 

The small namber of patients with lobular carcinoma in 
situ followed up for five years or more showed no proved 
evidence of development of invasive breast cancer in the 
ipsilateral or contralateral breast. However, published 
reports of long-term follow-up of lobular carcinoma in situ 
show that this is a slowly developing process.^' The major 
controversy that exists is in the surgical therapy of these 
patients with lobular carcinoma in situ. Many physicians 
suggest careful periodic examinations after excisional 
biopsy," and some even suggest contralateral mirror 
image breast biopsy." Others advocate total mastectomy 
with or without low axillary dissection.'*'^ Fisher and 
Fisher'' have recommended a segmental mastectomy with 
low axillary dissection. Some middle ground, such as 
unilateral or bilateral subcutaneous mastectomy, may be 


Arch Surg—Vo 114, April 1979 


the treatment of choice. Although the breast tissue that is 
left may be the site of further tumor development, lobular 
neoplasia is least likely to develop in the area near the 
nipple. | 

The surgeons suggesting the conservative treatment 
believe that a patient with lobular carcinoma in situ should 
be informed of the risk and timing of recurrent malignant 
disease in either breast and that these patients should be 
carefully observed. If the patient prefers to remove this 
constant source of apprehension and thus avoid a possible 
fatal disease, a bilateral subcutaneous mastectomy might 
be a reasonable and cosmetically acceptable approach. 

The incidence of positive estrogen receptor protein in 
patients with infiltrating lobular carcinoma is well docu- 
mented in the review of Rosen et al* of 333 pathologic 
specimens, in which they found a 92% incidence of positive 
estrogen receptor protein in patients with invasive lobular 
carcinoma as opposed to 54% in the typical ductal carcino- 
mas. Our data would support the findings of Rosen et al 
(Table 4). Of the 11 patients with infiltrating lobular 
carcinoma, ten had positive estrogen receptor protein, an 
incidence of 90%. One patient with a combination of 
infiltrating lobular carcinoma and lobular carcinoma in 
situ had a positive estrogen receptor protein, raising our 
overall positive estrogen receptor rate to 92%. More recent- 
ly, we have performed progesterone receptor studies on 
patients with malignant breast disease and there has been 
a direct correlation with estrogen receptor studies. 

The importance of these findings is unknown, but it 
might suggest early hormonal manipulation in patients 
with infiltrating lobular carcinoma of the breast in whom 
the disease recurs. Block et al" have emphasized the 
correlation between the presence or absence of significant 
estrogen receptor protein. They state that it can be used to 
rationally select patients for future hormonal treatment. 
Furthermore, they suggest that there may be a prolonged 
disease-free interval in patients whose tumors contain 
significant estrogen receptor protein, and there is a possi- 
ble association between estrophilin content and eventual 
response to chemotherapy. Should these observations prove 
to be correct, it would suggest that patients with infiltrat- 
ing lobular carcinoma may be candidates for early hormon- 
al manipulation and/or early chemotherapy in the face of 
recurrent disease if prolonged survival and prolonged 
palliation are to be obtained. 
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Discussion 


FRANK A. FoLK, MD, Maywood, Ill: I will confine my remarks to 


two aspects. One has to do with primary surgical therapy and the ` 


other with the suggestion that estrogen receptors may be helpful 
in primary treatment. In both of these areas, I disagree with the 
authors’ conclusions. 

One of my favorite cartoons shows an operating team standing 
around a table, a few of them looking up in the air for divine 
guidance in which one of the operators is saying, "Since we know 
that 26% of all surgery is unnecessary, let’s only do 74% of this 
operation.” When we talk about breast cancer, that very frequent- 
ly gets to be the problem. 

Lobular carcinoma of the breast is a carcinoma of the breast. A 
good deal of study has to be done to follow its natural history and 
to sort out just how malignant it is and whether we can find more 
favorable prognostic indicators. It is important to recognize that if 
your pathologist thinks that this is a carcinoma, and not some 
benign variant of cystic mastopathy, it ought to be treated like a 
cancer. We are fortunate that this cancer behaves rather more 
benignly than the standard breast cancer. It progresses at a 
somewhat more indolent rate, but it is, in fact, a cancer. It does 
metastasize in some instances, and does recur, particularly with 
long follow-ups. 

I think we ought to recognize the small group of patients that 
we are talking about. Dr Nora tells me that some 10% of the 
patients in this series with breast cancer have a lobular carcinoma. 
In this study, only one fourth of that 10% have lobular carcinoma 
without infiltration; that is, only 2%% of all their patients with 
breast cancer. 

The multicentricity of this cancer is more pronounced than in 
any other type of breast cancer. For that reason, we believe that 
subcutaneous mastectomy, which does not remove all the breast 
tissue, is an inadequate operative procedure. At least, a total 
mastectomy would be required to remove all of the breast 
tissue. 

We are told to follow up such a patient very carefully with 
physical examination and mammography. The authors have just 
shown that mammography is highly unreliable in this particular 
carcinoma. It would seem reasonable to do at least a total 
mastectomy on these patients to get rid of that breast tissue and 
to have the best kind of a follow-up: that is, no breast tissue 
present on that side. 

A total mastectomy differs little either functionally or cosmeti- 
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cally from a modified radical mastectomy with a lower axillary 
dissectim. Therefore, probably a modified radical mastectomy 
with low axillary dissection ought to be used. 

Reconstructive procedure planned to follow that particular 
operation will give nearly as good a cosmetic result as an initial 
subcutaneous mastectomy with implant. 

Estrogen receptor determination is a useful guide fer subse- 
quent treatment. This is a relatively favorable group of patients 
who hav2 a slow-growing tumor and in whom estrogen receptors 
have been shown to have a somewhat better prognostic ndex. It 
would be well to withhold any palliative therapy until such time as 
palliatioa is needed. 

RoBERT T. Tiprick, MD, Chairman: Maybe in closing or in 
commen:.s by one of the other discussants it will be menticned, but 
I think -here is another important reason for having estrogen 
receptor determination at the time, and that is the pa-adox in 
relation -o premenopausal women and their greater respense rate 
to chemctherapy on a prophylactie basis. 

Dr Nova you have some questions and at least one controversy, 
at least, to close. I wonder if you would comment a little more on 
mirror image biopsy and on our last discussant who sort of left up 
in the air whether provision for estrogen receptor assay should not 
be mandatory today on all operations for cancer of the breast. 

DR Noa: I think the natural history of lobular carcinoma in situ 
has been well studied. There have been two very well done reports 
that have been published recently. Haggensen and his group had 
211 cases in which they followed up patients with lobular carcino- 
ma in situ for more than 20 years and the group from Memorial 
followed up 99 cases with biopsy alone for a somewhat similar 
period of time. We do have two groups of investigators who have 
studied tre natural history of this disease; however, they came to 
different conclusions. Unless you are willing to follow up those 
patients with lobular carcinoma in situ very closely, I would think 
that you ought to perform some type of definitive therary. 

Now, what would be good definitive therapy for lobular carcino- 
ma in sita? Some time ago, Dr Ponka presented to this association 
a more conservative approach, that is, total mastectomy rather 
than rad cal mastectomy. The reason I bring up subcutaneous 
mastectomy with reconstruction as a possible, less radical 
approach is that the patients seem to be happier with it. The 
obvious complaint about subcutaneous mastectomy is that some of 
the original breast tissue remains. However, there are cases of 
total mastectomy reported in which there have been recurrence of 
cancer in the breast, but I would agree that you probably do not 
take out as much breast tissue with subcutaneous mastectomy as 
you do w th total mastectomy. However, the main area of breast 
tissue remaining is under the nipple, which is the area in which a 
recurrence from lobular carcinoma in situ is least likely to occur. 

When mvasive lobular carcinoma is being discussed, a cifferent 
problem s being described. I think the therapy sheuld be the 
same the-apy as for invasive ductal carcinoma. 

One of the reasons there has been some confusion in the 
literature has been the result of combining lobular carcinoma in 
situ with certain cases of intraductal carcinoma in situ that 
subsequently resulted in positive nodes. Some people have placed 
these twc in situ carcinomas together under the term minimal 
breast cancer, and I think this is really a misnomer. 

In ters of estrogen receptor activity, I would agree with Dr 
Tidrick tFat in all instances of invasive carcinomas of the breast, 
estrogen -eceptor protein activity should be measured routinely. 

At this time, you cannot really do accurate estrogen receptor 
protein activity studies on lobular carcinoma in situ beeause it is a 
quantitat-ve test and, actually, you do not have enough tissue. You 
are probably really not testing the lobular carcinoma in situ as 
much as tne tissue it is encased in. 
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Peritoneovenous Shunting n tho 
Management of Malignant Ascites 


Albert K. Straus, MD, PhD; David L. Roseman, MD, MS; Thomas M. Shapiro, MD 


e The incapacitating, malignant ascites of 37 patients were 
treated with peritoneovenous shunt using the LeVeen valve. 
Palliation of aszites was achieved in 27 of 37 patients until they 
died of their underlying diseases. In ten of the 37 patients, no 
long-term pa liation was accomplished. Complications relating 
to the shunt procedure were ncted in six patients. No evidence of 
abnorma! malignant dissemination was noted. We concluded 
that the peritoreovenous shunt can be used with relative safety 
to manage progressive malignant ascites. 

(Arch Surg 114:489-491, 1979) 


he marazement of incapacitating abdominal ascites 

due to malignant disease has long been a vexing 
problem with a heretofore poor solution. Reports in the 
literature are replete with marginal results. Medical 
management has included fluid restriction, diuretics, and 
installation o£ various sclerosing agents, all in conjunction 
with ascitic paracentesis.” These techniques at best have 
met with limited success and have failed to render 
adequate palliation of ascites to this unfortunate group of 
patients.’ 

Surgical attempts at relieving malignant ascites include 
ascitic drainage into the bladder as described by Mulva- 
ney.' The relief of malignant ascites with a peritoneoatrial 
shunt apparatus incorporating a Holter valve was recorded 
by Polleck in four of eight patients.’ 

Reeently, the successful surgical therapy of cirrhotic 
ascites with the peritoneovenous shunt apparatus incorpo- 
rating the LeVeen valve has been established."* The 
component that makes this an effective conduit for trans- 
porting peritoneal fluid into the central vascular pool is a 
pressure-sensitive, one-way valve that permits flow when 
intraperitoneal pressure exceeds central venous pressure 
by 3 te 5 cm of water pressure.’ Its application to the 


management of malignant ascites has been only tangen- 


tially reported.’* 
SUBJECTS AND METHOD 


At Rush-Presbyterian-St Luke's Medical Center, Chicago, eval- 
uation of the peritoneoveneus shunt in the management of 
malignant eseites was begun in 1976. Thirty-seven patients have 
had attempted palliation of malignant ascites using the LeVeen 
peritoneoveneus shunt. All patients had documented intra-abdom- 
inal neoplasie with concomitant ascites. All had medically uncon- 





Accepted for publication Dee 29, 1978. 

From the Department of General Surgery, Rush-Presbyterian-St Luke’s 
Medical Center. Rush University Medical School, Chicago. 

Read before the 86th annual meeting of the Western Surgical Associa- 
tion, Scottsdale, Ariz, Nov 14, 1978. 

Reprint requests to Rush-Presbyterian-St Luke’s Medical Center, 1725 W 
Harrison St, Chicago, IL 60612 (Dr Straus). 


Arch Surg—Vol 114, April 1979 


trollable ascites that had failed to respond to the traditional 
treatment of fluid restriction, diuretics, and repeated paracente- 
sis, as evidenced by rapidly reaccumulating symptomatic ascites. 
Symptomatic ascites was characterized by abdominal distention 
and fullness, nausea, loss of appetite, and frequently by dyspnea. 
From these patients, who were not helped by conventional medical 
therapy, an informed consent was obtained for placement of the 
peritoneovenous shunt, including our explanation regarding the 
possible further dissemination of the malignant disease. 

Preparation for the procedure included careful medical evalua- 
tion and routine laboratory evaluation. A diagnostic paracentesis 
without reinfusion of ascitic fluid was done. Weight, girth, and 
cáreful clinical assessment of the abdomen were noted. Central 
venous monitoring and antibiotic therapy were initiated preoper- 
atively. The operative placement of the peritoneovenous shunt 
apparatus is a relatively simple procedure rarely lasting longer 
than 45 minutes. It is carried out under local infiltration anesthe- 
sia that is supplemented with sedation of 5 to 10 mg of intrave- 
nously administered diazepam. Details of the technique of perito- 
neovenous shunt placement for cirrhotic ascites have been well 
described.” The technique used for these patients with malig- 
nant ascites was modified in that a transrectus approach was used. 
Postoperative management included routine supportive care, 72- 
hour antibiotie coverage, and careful monitoring of central venous 
pressure, ascitie hemodilution, signs of fluid overload with appro- 
priate administration of diuretics, weight, girth, and assessment 
of abdominal examination. Use of elastic abdominal binder and of 
negative pressure breathing exercises were begun. The uncompli- 
cated case of peritoneovenous shunt placement required a period 
of hospitalization of four to five days. 


RESULTS 


Thirty-seven patients suffering from incapacitating 
malignant ascites were referred to Rush-Presbyterian-St 
Luke’s Medical Center for attempted surgical palliation of 
the malignant ascites by peritoneovenous shunting. The 
origin of malignant ascites in these patients is given in the 
Table. 

Of the 37 patients in whom shunt placement was 
attempted, in two the procedure was abandoned because 
the intra-abdominal ascitic pool was multiloculated and no 
large pool could be found in which to place the intraperi- 
toneal portion of the shunt. Both of these patients had 
ovarian carcinoma with prior abdominal surgical proce- 
dures and they died four and nine weeks later, respectively, 
without complications ascribed to attempted shunt place- 
ment. In 35 (95%) of 37 patients, the shunt was placed. In 
four cases (11%), there was no evidence of shunt function. 
In 31 cases (84%), there was evidence of initial shunt 
function with initial palliation of the malignant ascites. In 
four of the 31 patients who initially showed shunt function, 
there was obvious cessation of shunt function with reaccu- 
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Cause of Malignant Ascites in 37 Patients 


No. of Patients (%) 
Ovarian carcinoma 13(35) 


Endometrial carcinoma 4(12) 
Colonic carcinoma 3 (8) 
Gastric carcinoma 3 (8) 
Breast carcinoma 3 (8) 
Pancreatic carcinoma 2 (5) 
Undetermined anaplastic carcinoma 2 (5) 
Miscellaneous* 7(19) 


*Miscellaneous causes included hepatoma, melanoma, leiomyosarcoma 
of the uterus, carcinoma of the bladder, lymphoma, mesothelial cell tumor, 


and carcinoma of the gallbladder. 


37 PATIENTS (lO0O%) 


2 (5%) 
SHUNTS NOT PLACED 35 (95%) 


ECC PLACED 
4 (11%) ou 


NO FUNCTION 31 (84%) 


MET FUNCTION 
4 (1196) AS 


SHORT TERM FUNCTION 
(«3 MONTHS) WITH CESSATION 
OF FUNCTION 


27 (73%) 


LONG TERM FUNCTION 
OR UNTIL DEATH 


Fig 1.—Results of peritoneovenous shunting in 37 patients with 
malignant ascites. 


mulation of symptomatic, tense ascites in less than three 
months. This cessation of shunt function occurred at two, 
four, six, and nine weeks, respectively. Twenty-seven (73%) 
of the 37 patients treated with peritoneovenous shunting 
for malignant ascites achieved long-term palliation of 
either longer than three months or until dying of their 
underlying malignant disease. These results are shown in 
Fig 1. The notably short-term survival of these 37 patients 
with malignant ascites is shown in Fig 2. The median term 
of survival was eight weeks and the mean term of survival 
was 12 weeks. Survival was unaltered by function or 
nonfunction of the peritoneovenous shunt. When the peri- 
toneovenous shunt function was present, palliation was 
characterized by absence of symptomatic ascites with 
associated nausea, distention, fullness, and dyspnea, and 
the absence of need for the percutaneous paracentesis of 
ascitic fluid. 

In the 31 patients in whom initial shunt function was 
established, the mean duration of shunt function was 10.6 
weeks, whereas the mean term of survival from shunt 
placement until death was 11.6 weeks. In this group of 31 
patients in whom initial shunt function was established, 15 
shunts functioned longer than two months, 11 longer than 
three months, and ten longer than four months. 


COMMENT 


Grossly bloody ascitic fluid present on diagnostic para- 
centesis seemed to correlate with unsuccessful shunt func- 
tion. In ten of 37 patients, there was no shunt function or 
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Fig 2.—Survival of 37 patients after peritoneovenous shunting for 
malignant ascites. 


only short-term function. Of these ten, two had no shunt 
placed and one of these two had bloody ascites. In four, 
there was no initial shunt function and three of these four 
had grossly bloody ascites. In four, there was initial 
short-term function of two, five, seven, and nine weeks, 
and in this group, three of the four had grossly bloody 
ascites. In only one of the eight patients with grossly 
bloody ascitic fluid noted on diagnostic tap did the shunt 
function with long-term palliation of the malignant 
ascites. In this patient, the shunt functioned fcr seven 
months but clotted three months prior to the patient’s 
death. It is our belief that grossly bloody ascitic fluid 
makes successful palliation by peritoneovenous shunting 
unlikely and is presently considered a contraindication to 
this procedure. E 
A nonspecifie febrile reaction has been reported in 
cirrhotic ascitic peritoneovenous shunting^* and was here 
noted with malignant ascitic shunting also. Of the 31 
patients in whom shunt function was established, 22 (71%) 
had a febrile response of 38.3 to 38.4 °C for two to four 
days. None of the six patients without shunt function 
showed a febrile response. This febrile response, when 
present, seems to be a good indication of shunt function. 
Nine of the 37 patients died in less than one month. In 
six, the cause of death was explained on the basis of the 
underlying malignant disease and seemed totally unre- 
lated to the shunting procedure. Of the remaining three, 
one patient died of pulmonary emboli, one patient died of 
bronchopneumonia, increasing pleural effusion, and ques- 
tionable pulmonary edema, and one patient with Hodgkin’s 
disease and portal hypertension died of hepatic failure and 
a combination of disseminated intravascular coagulopathy 
and gastrointestinal bleeding. These complications have 
been reported with peritoneovenous shunting and these 
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procedures could have contributed to these deaths." — 2 


In three of the 37 patients, surgical complications were 
encountered. In one, there was subcutaneous extravasation 
of ascitic duid that eventually resolved spontaneously. In 
one, Escherickia coli septicemia ensued that was success- 
fully managed with antibiotic therapy. In one, a cerebro- 
vascular aecicent occurred 24 hours postoperatively that 
resolved with minimal residual deficit. Its occurrence was 
thought te be unrelated to shunt placement. In all three 
patients witk somplications, shunt function was main- 
tained. No peritoneovenous shunts required removal or 
secondary operation. No shunts were revised. Postmortem 
examination im nine of the cases failed to show vena caval, 
right heart, or pulmonary artery implants or unusual 


metastatie dissemination. 
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Discussion 


ROBERT Tiprm@K, MD, Toledo, Ohio (chairman): This is an 
interesting and eontroversial subject. It violated what we thought 
was the rule about the use of the LeVeen shunt, and maybe it has 
not made any adverse difference. 

Is it worth it? The authors certainly have not shown that this 
procedure prolonzed life in these patients. Is it worth it in terms of 
increased com-ort? 

RosERT W. G:LLESPIE, MD, Lincoln, Neb: Our experience has 
been much like that of the authors. I think that shunting does 
improve the quality of life for the very miserable group of patients 
with malignart ascites. 

I would direct your attention to a technique to identify the 
function of the shunt. This is a zechnique described by Gordon of 
Galveston, Tex 4 Nucl Med Allied Sci 18:29-30, 1977), which uses 
an intraperitoneal injection of radioactive technetium. One would 
expect that, ir the absence of a venous access, this isotope would 
remain in the peritoneal cavity for at least two hours before 
migration through the diaphragmatic lymphaties would take 
place. 

In actuality. with the patency of a shunt, the isotope is picked up 
and is then concentrated in the liver, and the areas of metastasis 
can be very clearly identified. Repeating this study in a patient 
with breast carcinoma and hepatic metastasis not only showed six 
months later the patency of the shunt but the growth of the 
metastatie disease in the peritcneum and the liver. Despite this, 
the patient is »rjoying a relatively good life, is ambulatory, and is 
ablé to eare for her family. 

Dr Trprick: What about the use of the Doppler instrument? 
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rmine if the shunt is working? 

PauL H. JoRDAN, JR, MD, Houston: I want to ask a question 
because the authors mentioned that infection was never à reason 
for having to take out the shunt. I have a patient in whom 
septicemia developed six months after installation of a shunt. The 
peritoneal fluid is sterile. | 

The infectious disease specialists say that if a ventrieuloatrial 
shunt is installed, the disease cannot be cured until the shunt is 
taken out, and they are anxious for me to take the peritoneal shunt 
out. I would like to ask the authors if they could enlighten us about 
what to do if a shunt is potentially infected. 

DR TipRICK: One thing you can do is change the valve. You do not 
have to remove the two catheters. I have done this in one 
instance. 

FREDERICK M. OWENS, JR, MD, St Paul: The Doppler instrument 
is very éffective in determining the function of the shunt. It 
certainly should be tried. 

Dr Tiprick: We use the Doppler instrument constantly. When 
patients come back as outpatients, we examine the shunt with the 
Doppler instrument and it has been effective in the majority of 
instances. As far as Dr Gillespie's use of the radioisotope is 
concerned, I thought there was a simpler method than this. After 
the shunt is inserted, we put a small needle in the distal limb, 
inject a small amount of radiopaque dye, and check it. The image 
amplifier or portable x-ray machine can be used in the operating 
room before the patient is removed because, as you know, cathe- 
ters occasionally have an unpleasant way of going up the internal 
jugular vein instead of down into the superior vena cava. It also 
shows if the shunt is patent and working. 

Dr Srraus: I would like to emphasize that this report only 
relates to patients treated for palliation of malignant ascites, and 
we ourselves put the shunt apparatus of the venous limb in the 
internal jugular vein, where there was not much question as to 
which direction it was going. It was secured in place. 

We have not used the Doppler instrument although it is reported 
to be very effective in determining shunt patency. We have not 
used the technetium isotope scans, nor have we used the injection 
directly with a small needle into the limb other than one occasion 
when the shunt showed patency. The fact of the matter is that in 
the patients we were dealing with, shunt function was immediate- 
ly discernible at surgery by observing the siliconized rubber limbs 
of the valve mechanism and conduit to see if there was a flow in 
the siliconized rubber tubing. We usually put the abdominal 
portion in first and leave the conduit open to see the fluid rushing 
out with an inspiration, in effect knowing then that the intra- 
abdominal portion is functioning properly. Then we put it in the 
vena cava and look at the mechanism to see if there is a particulate 
flow in the silastic tubing. 

Furthermore, let me try and answer the question of Dr Jordan’s 
about septicemia. We had one patient in whom the area around the 
housing of the valve became inflamed. The portion of the upper 
abdomen where the valve mechanism was became red and sore and 
blood cultures grew out E coli from the patient's blood stream. We 
did not remove the shunt and we treated the patient with 
antibiotics. The shunt mechanism was left in place and functioned 
for a two-month period of time before the patient died. 

The complications of the shunt mechanism in patients with 
malignant ascites seems to be much less frequent than when it is 
placed for cirrhotic ascites. The problems with coagulopathy and 
related diseases that have been so commonly reported with the 
eirrhotie ascites do not seem to play a very important role in the 
treatment of malignant ascites. 

The LeVeen peritoneal venous shunt is effective in palliative 
decompression of malignant ascites with good functional results 
and acceptable morbidity. Its limitation is imposed by the 
extremely short life expectancy of people suffering from this 
condition. 
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Failure of Cimetidine Prophylaxis 


in the Critically Ill 


Louis F. Martin, MD; Dianne K. Staloch, RN ; David A. Simonowitz, MD; E. Patchen Dellinger, MD; Martin H. Max, MD 


€ Stress ulcers with subsequent hemorrhage are a well- 
recognized cause of morbidity and mortality in patients hospital- 
ized for other serious illnesses. In 39 critically ill patients, 
cimetidine was used as a prophylaxis against stress ulcers with 
the intent to keep the gastric pH level above 4. In 11 of the 39 
patients, cimetidine alone did not effect consistent elevation of 
the gastric pH level above 4. Of the 11 patients, nine had positive 
blood cultures or clinical infection and five also developed renal 
failure. Five comatose patients never had pH greater than 4 on 
cimetidine alone. The mortality for those whose conditions failed 
to respond to cimetidine was five times greater than for those 
whose conditions responded to cimetidine. These data imply 
that a high-risk group of patients can be identified whose 
conditions may not respond to cimetidine treatment and whose 
gastric pH must be regularly monitored. 

(Arch Surg 114:492-496, 1979) 


he development of intensive care units and advances 

in supportive care have led to the prolongation of life 
in the critically ill, a patient population with unique 
problems that require special attention. The development 
of aeute erosive gastritis or stress ulcers with associated 
hemorrhage has been shown to occur after burns, head 
injuries,** operation," and trauma"; with respiratory 
failure, hypotension, sepsis, jaundice, +" and hepatic fail- 
ure'**: and in critically ill patients who are treated with 
divers drugs and toxins.'*?! 

À variety of therapeutic regimens have been advocated 
for control and prevention of stress ulcers. Histamine 
H,-receptor antagonists have been shown by some investi- 
gators'**7?** to successfully reduce the incidence of bleed- 
ing from stress ulcers. 

After using cimetidine prophylactically for stress ulcers 
in the critically ill, we were impressed with the frequency 
of inadequate gastric pH control when cimetidine was used 
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alone, although cimetidine did control and prevent gastric 
hemorrhage. To confirm the failure of cimetidine to control 
gastric pH and to identify the reasons for its failure, we 
reviewec the charts of 39 patients admitted to our inten- 
Sive care unit. 


PATIENTS AND METHODS 


The study involved 39 patients admitted consecutively to the 
Harborview Surgical Intensive Care-Trauma Center, Seattle, by 
one surgical service between November 1977 and March 1978. 
Twenty-six of these patients were admitted directly from the 
emergency room with massive trauma. Patients who received 
fluids or food by mouth were excluded from the study 

The positioning of a nasogastric tube in the stemach was 
confirmed by an abdominal roentgenogram, and the gastric 
contents were completely aspirated. The pH of the intragastric 
content was measured with pH-sensitive paper, and a zuaiac test 
was performed. The initial cimetidine dosage was 30€ mg given 
intravenously every six hours. Each patient's nasogastr c tube was 
placed on low intermittent suction. 

At hour'y intervals, a sample of gastric content was collected for 
pH testing and a repeat guaiac test. If the pH of the gastric 
contents was not greater than 4 one hour after each of the first 
two doses of cimetidine, or if the pH fell below 4 for more than six 
hours, the dosage of cimetidine was increased to 400 mg every six 
hours. If the revised dose schedule was not effective in maintain- 
ing the pH at greater than 4 after two successive intravenous 
doses, the cimetidine treatment was considered a failure. A 
mixture of magnesium hydroxide and aluminum hydroxide gel 
(Maalox) was then added through the nasogastric tube at hourly 
intervals. An initial dose of 30 mL was given as a bolus tarough the 
nasogastric tube, which was never clamped. If the pH was less 
than 4 after 30 minutes, the dose was doubled hourly until the pH 
was maintained above 4. If diarrhea developed, Maalox and 
aluminum hydroxide were given alternately at hourly intervals. 

Gastroirtestinal bleeding was defined as occurring when the 
nasogastric aspirate was 4+ positive (or grossly bloody) on three 
consecutive determinations over a 12-hour period; if red blood was 
returned through the nasogastrie tube and did not im mediately 
clear with a 500-mL lavage of normal saline solution; or if melena 
developed after the initiation of therapy. 

Before entering the study, all patients had blood samples drawn 
for determining electrolyte, caleium, magnesium, and creatinine 
levels. Patients with a serum creatinine level greater than 2 
mg/dL received cimetidine at 12-hour intervals. Repeat blood 
samples were drawn as clinically indicated. j 

For patients who required parenteral nutrition, the administra- 
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Table 1.—Patient’s Illnesses 


Diagnostic Categcry Criteria* 










Abdominal injury Positive laparotomy subsequent to trau- 
ma; gastrointestinal bleeding 
Cardiac injury Contusion proven by CPK.t enzyme 






changes; arrhythmia after hypoten- 
sion; penetrating trauma 


Respiratory ‘allure Pao,/FIO.t < 200 torr 


Sepsis Positive blood culture 


Head njury Decreased level of consciousness after 
trauma for => 12 hours 


Orthopedic njury Fracture of long bones or pelvis 


Alcohalism or drug ad- History and clinical impression 
diction 
Vascular injury 














Major venous or arterial disruption 
proven angiographically or intraoper- 
atively 


Renal failure Creatinine level > 4 mg/dL 
Solid tumors Histologically proven malignancies 


*All patents nad at east one period of more than 15 minutes when 
systolic blood pressure was less than 100 mm Hg. 

Creatine phosphokinase. 

{Arterial oxygen pressure with forced inspiratory oxygen. 






tion of a solution coataining equal amounts of 5.5% crystalline 
amino aeid solution (FreA mine II) and a 50% dextrose solution was 
initiated. Electrdlytes, vitamins, and other additives were added to 
this basie solution as needed. 

The major illnesses that contributed to the patients' admission 
to the intensive care vnit were classified into ten categories (Table 
1). That part of the study involving an individual patient was 
terminated when the patient was discharged from the intensive 
care unit. 


RESULTS 


The cenditions ef 28 of the 39 patients in the study, 
or 72%, respomded as expected to the cimetidine treat- 
ment. Eleven of the 39 patients, or 28%, met the cri- 
teria for inclusion in the cimetidine failure group. The 
conditions of all pazients in this group responded to hourly 
doses of 30 to 90 mL of Maalox given in addition to the 
eimetidine. Che average age of the patients in the two 
groups was similar (Table 2). All patients in the cimetidine 
failure group vere men. The length of stay in the intensive 
care unit and the number of patients who received total 
parenteral nutritien generally reflected the severity of 
illness. 

Only hree patieats, or 11%, who were in the cimetidine 
success group died. Five patients, or 45%, in the cimetidine 
failure group died. Two of the three deaths in the success 
group were cue to complications resulting from the initial 
operative procedure. The third patient died of anemia 
secondary to acute trauma after refusing transfusion. 
These patients all Fad brief periods of acute illness, and the 
causes @f death were beyond the control of the surgical 
team. In contrast, zhe patients who died in the cimetidine 
failure greur had more prolonged, complicated courses with 
multiple operative »rocedures and multiple organ failure. 

None of the patients in the cimetidine success group had 
gastroimtestinal (GI) bleeding of consequence once therapy 
was initiatec, ever though three patients had been admit- 
ted wit: upper GI bleeding. The conditions of all three 
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Table 2.—Cimetidine Efficacy and Patient Population 


Success Group Failure Group 
(N = 28) (N = 11) 


Average age, yr 49.7 53 


M/F 18/10 11/0 

Av length of stay in in- 
tensive care unit, days 

Deaths 

Total parenteral nutrition 

Gastrointestinal bleed- 
ingt 0 


*Range, days. 

TOnly one patient required transfusion. 

iFour of the six patients had bleeding associated with diffuse clotting 
abnormalities only in the terminal stages of their illnesses. 


5.6 (1-26)* 
3 (11%) 
5 (18%) 


13 (5-44)* 
5 (45%) 
11 (100%) 


6 (55%) 


Table 3.—Cimetidine Efficacy and Organ System Injuries 


Failures, 

No. (96) 

(N = 11) 
8 (72) 
9 (82) 
7 (64) 
4 (36) 
6 (55) 


Successes, 
No. (%) 
(N = 28) 
13 (46) 
10 (36) 
11 (39) 

1-63) 
6 (21) 
12 (43) 3 (27) 
6 (21) 4 (36) 
2( 7) 1( 9) 
1( 3) 5 (45) 
2 ( 7) 1( 9) 


Diagnostic Category 
Abdominal trauma 
Cardiac disease 
Pulmonary disease 


Sepsis 

Head injury 
Orthopedic injury 
Drug abuse 
Vascular injury 
Renal failure 
Cancer 


patients responded to a combination of iced saline lavage 
and cimetidine therapy. In two of these patients, both 
chronie aleoholies, variceal bleeding was disclosed endo- 
scopically. The other patient had had several episodes of 
bleeding, the sites of which were never located despite 
repeated vigorous diagnostic attempts. 

After initiation of therapy, only one patient in the 
cimetidine failure group had recurrent bleeding episodes 
requiring transfusions. The bleeding site in each instance, 
as shown by endoscopy, was an ulcer in the distal esopha- 
gus. The bleeding always occurred when the patient was 
thrombocytopenic. On aspiration of gastric contents at 
endoscopy, the pH level was always measured at greater 
than 5. The patient was treated with platelet transfusions 
and a Maalox drip from a tube placed above the ulcer. He 
died of multiple organ failure after 44 days in the intensive 
care unit. Four other patients also had episodes of upper GI 
bleeding. These episodes were terminal events accompa- 
nied by thrombocytopenia and diffuse clotting abnormali- 
ties. A 9-year-old boy with a gunshot wound in the head 
had multiple guaiac-positive nasogastric aspirates, but 
these occurred only when the pH of his gastric content was 
less than 4. Cimetidine treatment initially failed in this 
patient also, and a regimen of antacids was started. 
Administration of antacids was discontinued, however, 
because of regurgitation and aspiration. The bleeding 
stopped when the pH of the patient’s gastric content was 
kept consistently above 4 by increasing the cimetidine 
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Table 4.—Cimetidine Efficacy and Organ System Injury 






Success Failure 
No. of Diagnostic Group Group 
Categories per Patient (N = 28) (N = 11) 
1 8 0 
2 10 2 
Av No. of diagnostic catego- 
ries per patient 2.2 4.5 


dosage to 400 mg every four hours. Other evidence indi- 
cated that the child had a central vagal injury as a result of 
the gunshot wound. 

Table 3 compares the total number of patients in each of 
the categories of organ system injury in the two response 
groups. Table 4 divides the patients into groups by the 
number of diagnostic categories per patient. Patients in 
the cimetidine failure group had a higher average number 


of diagnosed conditions (4.5) than patients in the cimeti- 


dine success group (2.2). Failure occurred more often in 
those patients with multisystem trauma. 

No complications from cimetidine therapy were seen in 
any of the patients. The one case of gross regurgitation 
was the only major complication of antacid therapy. In no 
case was major diarrhea allowed to develop, and elevated 
serum magnesium or calcium levels were not noted. 


COMMENT 


Classic Curling’s or Cushing’s ulcers are lesions that are 
deep to the muscularis mucosae and resemble a peptic 
ulcer." Endoscopic studies have shown that 75% to 100% of 
patients severely injured as the result of burns, head 
injury, or trauma have superficial uleerations.*^" Most 
patients have both gastrie and duodenal ulcerations, 
although gastrie disease is more common. Gastric lesions 
occur predominately in the fundus and the body of the 
stomach. Antral disease is less apparent and improves 
more rapidly. Rarely do these lesions cause life-threaten- 
ing hemorrhage. 

Although the mechanism of stress ulcer formation and 
subsequent hemorrhage is not completely understood, the 
four most important factors are: (1) the presence of 
acid,95*2-5 (2) increased mucosal permeability," (3) 
decreased or abnormal production of mucus by the muco- 
sa,/^**-* and (4) altered mucosal blood flow.T 

A wide variety of therapeutic regimens have been 
advocated for control of bleeding from stress ulcers. 
Recently, attempts have been made to develop prophylactic 
regimens to prevent acute, stress-related GI bleeding. All 
regimens have been designed to diminish gastric acid 
production by the gastric mucosa or to neutralize the acid 
that is produced. 

Most experience to date with prophylaxis has been with 
antacids. Two recent randomized, prospective clinical trials 
demonstrated that antacids can reduce the incidence of 


*References 14, 19, 20, 28, 29, 31-33, 35-41. 
tReferences 13, 14, 25-28, 34, 38, 41, 44-46. 
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acute GI bleeding.*'** In a study of cases from a burn unit, 
29% of the patients who did not receive antacids required 
more than 3 units of blood in 24 hours, whereas only 4% of 
the patients receiving antacids required similar volumes of 
blood replacement." In a study of cases from a surgical 
intensive care unit, the incidence of bleeding was 24% in 
patients not treated with antacids, and only 3.9% in 
patients treated with antacids.** 

Data from experiments involving a variety of laboratory 
animals kave shown that the histamine H.-receptor block- 
ers also might aet to decrease the incidence of stress 
ulcers.^* MacDougall et al' compared the prophylactic 
effectiveness of cimetidine and antacids in patients with 
hepatic failure. Only one of 26 patients (4%) treated with 
either metiamide or cimetidine bled, compared to three of 
13 patients (28%) who were treated with antacids. Howev- 
er, the antacid used was aluminum hydroxide, which has a 
lower buffering capacity than several other commonly used 
antacids.” Furthermore, in the 13 patients receiving antac- 
ids, such small doses were used that the pH was not kept 
above 5. (Of the multiple samples of intragastric content 
obtained in these cases, 65% recorded below pH 5.) Most 
authors feel that for an antacid to be considered effective, 
the gastric pH must be kept above 5.^7* rsa" 

In our study, cimetidine alone was not effective in 
minimizing acid secretion in almost one third of patients 
under stress. Eleven of 39 patients, or 28%, maintained 
significant acid production in spite of cimetidine thera- 
py. 

We identified several factors associated with this fail- 
ure. Five of the 11 patients in the cimetidine failure group 
never had a gastric pH greater than 4 while taking 
cimetidine alone. All five patients were comatose during 
their entire stay in the intensive care unit. Three of the 
five died within 12 days after admission. The remaining 
two patients were under 25 years of age and remained 
comatose for more than one month. It seems clear that 
patients with intracranial lesions have a higher gastric acid 
output than other critically ill patients. Skillman et al" 
found that after the administration of histamine, both 
basal anë maximal acid outputs in patients who have 
undergone intracranial operations are nearly equivalent to 
the corresponding outputs in patients with perforated 
duodenal ulcers. Watts and Clark* reported maximal gas- 
trie acid outputs in patients with severe head injuries. 

In the other six patients whose conditions failed to 
respond to cimetidine, suppression of acid was initially 
adequate; but in five of the six patients, the pH of the 
gastric contents fell below 4 within 24 hours after paren- 
teral nutrition was started. Usually the more seriously 
injured patients received total parenteral nutrition. 
However, Isenberg and Maxwell? noted that gastric acid 
secretion increased in response to intravenous infusions of 
amino acids and that this response is not related to gastrin 
release. Because this was a retrospective study, there was 
not sufficient documentation to determine whether the 
failure of cimetidine prophylaxis in these patients was due 
to total parenteral nutrition stimulating gastric acid secre- 
tion or whether it was due to factors such as sepsis, renal 
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failure, or cther coexisting conditions. Further definition 
of exactly how total parenteral nutrition affects the gastric 
secretory mecharisms and how cimetidine alters this 
response is needed. 

Sepsis and rena. failure were found almost exclusively in 
patierts whose cenditions did not respond to cimetidine 
prophylaxis. nly one patient in the cimetidine success 
group had e:taer sepsis or renal failure, and both conditions 
develcped after prolonged clamping of the patient's aorta. 
Even -hough a stringent definition of sepsis was used, 36% 
of the patien:s in whom cimetidine failed could be defined 
as septie. If ell infectious complications are included, nine 
of the 11 patents in whom cimetidine failed had culture- 
proven infections requiring antibiotics. The cimetidine 
failure group alse had a large number of patients with 
renal failure Foar of the five patients in whom renal 
failure develeped died. The fifth patient had preexisting 
renal failure that became worse during periods of sepsis. 
This is also when he required antacids. 

Polk and Shieids" have suggested that remote organ 
failure frequently indicates the presence of otherwise 
occult. imtra-ebdominal infection in trauma patients and 
postoperative patents. Renal failure or pulmonary failure 
or both were reversed in three patients after intra- 
abdominal abscesses were drained. Altemeier et al^ noted 
that cne third of 54 patients with sepsis confirmed by a 
positive blood culture had serious GI bleeding. Other 
investigators have noted the association between sepsis 
and stress beedmg.'^^ Four of the five patients who 
died in the cimetidine failure group had uncontrolled sepsis 
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at the time of death. In the fifth patient, sepsis was 
suspected but was never confirmed by positive blood 
eulture. No autopsy was performed. These data suggest 
that failure of cimetidine to control gastric pH might be 
yet another indicator of remote or local sepsis. The mecha- 
nism by which infection causes distant organ failure still 
remains to be identified. 

Thus, it seems possible to identify a high-risk group of 
patients whose conditions fail to respond to cimetidine 
treatment. This group would include comatose patients, 
patients with four or more organ system injuries, patients 
receiving total parenteral nutrition, patients with renal 
failure, and patients with sepsis. These patients need 
regular monitoring of gastric pH. 

Evidence indicates that when the pH of the gastrie 
content is kept above 4.0, significant gastrointestinal 
bleeding is largely inhibited. However, it is also becoming 
more obvious that decreased gastric pH and the develop- 
ment of stress ulcers is a physiologie response that may be 
valuable to the clinician as an early sign of organ failure. 
Although it is important to treat increased acidity as a 
means of reducing morbidity from GI hemorrhage, it is 
more important to identify causes of the increased gastric 
acid secretion. Failure of cimetidine prophylaxis may be an 
indicator of local or remote sepsis and should prompt an 
intensive search to locate the focus. 


Nonproprietary Name and Trademark of Drug 


Cimetidine— Tagamet. 
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Discussion 


ROBERT J. BAKER, MD, Chicago: I would like to point out several 
aspects of this study that I think require emphasis. 

This is a complex and poorly understood problem. Those of us 
interested in trauma and who deal with critically ill patients, 
especially patients with sepsis, have come to recognize that stress 
ulcers probably are caused in part by gastric hypersecretion or by 
back diffusion of hydrogen ion through the gastric mucosa. 
However, it is not possible to ignore the issues of proteolytic peptic 
activity in the stomach and bile reflux. One or both of these factors 
can cause mucosal breakdown and progressive destruction of the 
gastric mucosa. Hemorrhage or, rarely, perforation then results. 

The role of cimetidine in diminishing gastric secretion and the 
subsequent lessening of the incidence of ulceration is well known. 
A study at the University of Illinois was recently undertaken, in 
which a group of nine patients who had been admitted with 
extensive trauma, and whose wounds then became septic, were 
compared to a control group of patients without sepsis. 

These nine patients were given prophylactic cimetidine at 
six-hour intervals in 300-mg doses, just as was advocated by the 
authors. Determination of milliequivalents of hydrogen ion 
secreted per hour and glass electrode measurement of pH demon- 
strated marked reduction of hydrogen ion secretion and a signifi- 
cantly higher pH in patients with sepsis than in patients without 
sepsis, who were not given cimetidine. Seven of the nine patients 
were operated on and had no evidence of gastrointestinal bleeding 
or stress ulceration. It would appear from similar studies that it is 
desirable to maintain a pH of 5 in patients with extensive soft 
tissue trauma. 

We undertook this study in an attempt to correlate the chroma- 
tographic plasma analysis of cimetidine levels with gastric secre- 
tion. We found that plasma levels do not correlate well with 
titrable acid levels, which suggests that dosages of cimetidine 
greater than 300 mg every six hours will not further diminish acid 
secretion. Becausé of the small number of patients involved in our 


study, more extensive studies will be required to support this 


contention. 

I would like to ask the authors whether the increased doses of 
cimetidine that they used might not have had a protective effect 
by somehow “strengthening” the gastric mucosal barrier against 
hydrogen ion back diffusion, rather than by decreasing acid 
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secretion. This concept is referred to frequently in the surgical 
literature, and cimetidine apparently does prevent such hydrogen 
ion back diffusion, although the precise mechanism has not been 
elucidated. I am somewhat skeptical of the validity of this 
concept. 

Two of our nine patients had consistently high bile concentra- 
tions in the gastric aspirate, and very low acid levels anc bleeding 
ensued. Endoscopy in both patients showed multiple punctate 
erosions in the stomach that were actively bleeding. Irfusion of 
antacids through a gastric tube led to cessation of bleeding. 

Would yeu comment on whether you tested gastric specimens 
for bile, and whether appreciable bile reflux was noted with the 
bleeding in those patients for whom higher dosages of c metidine 
were necessary? 

DR SCHILLING: This is one of the first studies of the inluence of 
cimetidine on posttraumatic upper GI bleeding, and the patients 
we treated nad a variety of injuries and diseases. I don't -hink any 
specific conelusions can be drawn from this small series o? patients 
except that they reflect the spectrum of patients in an intensive 
care unit. Further, I think it is remarkable that there was no major 
bleeding im these 39 patients. Thus, the combination of the 
judicious use of cimetidine and Maalox was successful. I can't 
imagine these 39 patients doing as well, say, ten years ago. Of 
course, there were other factors involved in their management: 
control of blood gases, control of oxygen levels, control of the PCo.. 
Renal function was monitored and controlled. Certain of the blood 
fraction determinations were used. 

It is worthy of speculation that if amino acids cause ar. increase 
in acid secretion, would lipids cause the reverse? j 

In response to the question, does an increased dosage of 
cimetidine prevent hydrochlorie acid secretion and back diffusion, 
I doubt if i: does, but I can't answer it specifically. 

There were no tests for bile, and there was no evidence of major 
bleeding when higher doses of cimetidine were used. However, 
there was some evidence of minor bleeding, which was easily 
controlled. Here lies an important observation of the study: 
bleeding was controlled without a massive bleed. A prospective 
study using different groups and modalities would be helpful in 
delineating the ultimate effectiveness of cimetidine in -his prob- 
lem. 
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Early Positive End-Expiratory Pressure in 


the Adult Respiratory Distress Syndrome 


John A. Weigelt, MD; Richard A. Mitchell, MD; William H. Snyder III, MD 


e This prospec ive study was designed to determine the effect 
of positive end-expiratory pressure (PEEP) instituted early in the 
course of adult respiratory distress syndrome (ARDS). Seventy- 
nine (7%) of 1,200 patients admitted to the surgical intensive 
care unit were se ected because of a high probability that ARDS 
would cevelop, amd were randomized into two treatment groups. 
Of the 79 patients. 45 were immediately treated with 5 cm H.O of 
end-expiratory pressure (early PEEP group), and 34 received 
PEEP only when severe hypoxemia developed (late PEEP group). 
The incidence of ARDS was significantly lower in the early PEEP 
group than in the ate PEEP group (20% vs 53%; P — .002). Fewer 
pulmonary deaths occurred in this group (11% vs 29%; P = .02), 
and these was less pulmonary morbidity. This study supports the 
efficacv of early ow-level PEEP in the treatment of patients for 
whom there is a sigh probability that ARDS will develop. 

(Arch Surg 114:497-501, 1979) 


ositive end-expiratory pressure (PEEP) reliably im- 

proves oxygenation in patients with adult respiratory 
distress syndrome (ARDS). Despite this beneficial effect, 
progressive respiratory failure often ensues. The use of 
PEEP early in the disease course has been proposed to 
prevert or moGfy the severity of subsequent pulmonary 
deterieration. This prospective randomized study was 
designed to determine the effect of early therapeutic 
PEEP on the imcidence and severity of ARDS. 


3ATIENTS AND METHODS 
Patient Selection 


The patients inthe study were selected from 1,200 admissions to 
the surziezl intemsive care units at Parkland Memorial Hospital, 
Dallas, between July 1976 and November 1977. One hundred 
thirtr-?ve patients were selected and assigned by day of admis- 
sion to group 1 (erly PEEP) or group 2 (late PEEP). The selection 
criteria were de-igned to identify patients at risk for serious 
pulmorary problems prior to the actual onset of these problems. 
One set of criteria applied predominantly to patients whose 
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conditions were unstable, as defined below, and who also had 
intra-abdominal sepsis or abdominal trauma requiring laparoto- 
my, or who had multiple system trauma. Unstable conditions in 
these patients were defined as shock (systolie pressure less than 90 
mm Hg for more than 30 minutes), deteriorating oxygenation, or 
if vigorous fluid resuscitation was required, entailing either (a) 
more than 7% body weight gain, or (b) more than 6 L of erystalloid 
solution in six hours, or (c) more than 6 units of blood in six hours. 
A second set of criteria for inclusion in this study of patients at 
high risk for ARDS applied to patients requiring continuous 
ventilation for aspiration of gastric contents, for thoracic trauma 
together with other system trauma, or for blunt abdominal 
trauma. These criteria are based on published observations of 
disease states associated with ARDS,' currently accepted etiologic 
considerations,^? and previous investigations at our institution.' 

Fifty-six of the initial 135 patients were excluded from the final 
data tabulation. The reasons for these exclusions were insufficient 
qualifying data, initial critical hypoxemia [Pao. < 60 torr, with 
forced inspiratory oxygen pressure (FIO.;) of 40% (Pao,"* < 60 
torr)], and the physician’s choice not to adhere to the protocol. Of 
the remaining 79 patients, 45 were in group 1 (early PEEP) and 34 
were in group 2 (late PEEP). All references to arterial oxygen 
pressure in this report indicate measurements performed on 
intubated and mechanically ventilated patients. 


Patient Management 


Patients in group 1 (early PEEP) were immediately treated 
with 5 em H,O PEEP; patients in group 2 (late PEEP) were placed 
on PEEP only when it was required to correct potentially lethal 
hypoxemia (Pao."* < 60 torr). The remainder of the therapy was 
standardized as completely as possible. Pulmonary hygiene was 
emphasized and was accomplished by routine sterile endotracheal 
suction, frequent position changes, and physiotherapy. Volume 
ventilators were used with an initial tidal volume of approximate- 
ly 15 ec/kg. Subsequent tidal volume changes were based on the 
daily construction of a compliance curve. The amount of PEEP was 
adjusted in small (2- to 3-cm H.O) increments to maintain the Pao, 
at 60 to 70 torr with an FIO, less than 0.5 and was gradually 
discontinued when the Pao,’ was greater than 100 to 120 torr. 

Flow-direeted pulmonary artery catheters, usually with ther- 
modilution cardiac output capability, were placed in essentially all 
patients. Pulse, blood pressure, pulmonary artery pressures, and 
cardiac output determinations were made prior to beginning or 
increasing PEEP and were repeated after one hour and thereafter 


. as clinically indicated. Cardiac outputs were performed using the 


thermodilution and cardiogreen dye dilution techniques. Pulmo- 
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nary venoarterial shunts were calculated with the Berggren 
equation. Accurate fluid administration was based on pulmonary 
wedge pressure measurements, body weights, and intake-output 
records. Crystalloid resuscitation was standard. Colloid, in the 
form of fresh frozen plasma, whole blood, or packed RBCs, was 
given only to provide coagulation factors or RBC mass as indi- 
cated. Loop diureties were used when the results of clinical or 
laboratory tests indicated sodium retention. Steroid therapy was 
used only in the emergent management of septic shock. 


Definitions and Data Evaluation 


A broad spectrum of pulmonary impairment occurs in critically 
ill surgical patients. Some degree of compromise occurs in essen- 
tially all such patients. The evaluation of the efficacy of early 
PEEP requires that this spectrum and its specific subgroups be 
defined. We have divided this continuum into three ranges: 
normal response (least severe impairment), pulmonary dysfunc- 
tion, and ARDS. The latter two are the subdivisions of therapeutic 
importance and can be empirically defined using the following 
three criteria: (1) exclusion of specific causes of respiratory 
deterioration, (2) more than 96 hours of constant ventilation, and 
(3) at least one of the following: Pao.'" less than 250 torr, 
pulmonary venoarterial shunt greater than 25%, and a chest 
roentgenogram showing diffuse interstitial edema. An illness 
involving only one factor listed in (3) is considered to be pulmonary 
dysfunction; if more than one factor is involved, the illness is 
considered to be ARDS. Obviously, the diagnosis is made retro- 
spectively, but only objective definitions provide a basis for the 
meaningful evaluation of results. | 

Pulmonary morbidity was defined by the duration of ventila- 
tion, PEEP, and intensive care unit stay required, and by the 
incidence of complications of ventilation therapy. A mortality was 
classified as pulmonary if it occurred as a direct result of 
progressive hypoxemia or overwhelming sepsis. 

The patient groups (early PEEP vs late PEEP) were compared 
for the incidence of pulmonary dysfunction, ARDS, pulmonary 
morbidity factors, and pulmonary deaths. Statistical analysis was 
accomplished using the one-tailed Fischer exact test. 


RESULTS 
Characterization of Patient Population 


Table 1 gives a profile of the major features of illness 
and pulmonary deterioration of the 79 patients in the 
study. Mean values for the lowest Pao." (70 + 21 torr) and 
the highest venoarterial shunt (28%) define these patients 
as critically ill. This is further supported by the overall 
mortality of 42%, the pulmonary mortality of 19%, and the 
incidence of serious pulmonary deterioration of 64%. 

Data confirming the similarity of the two study groups 
are presented in Table 2. The median age of the patients in 
the two groups is essentially identical. An unexplained 
preponderance of men occurred in the late PEEP group. 
The similarity in the frequency of major etiologic or 
predisposing factors is pertinent. The slightly larger 
proportion of sepsis-related pulmonary disease in the late 
PEEP group is not a statistically significant difference. 


Validation of Disease Definitions 


Support for the validity of the definitions of the subdivi- 
sions in degree of pulmonary deterioration is presented in 
Tables 3 and 4. The more common determinations used to 
quantitate pulmonary deterioration are compared to the 
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severity subdivisions in Table 3. The values presented are 
the mean of the most severe determinations in each 
patient in each category. The relationship of mortality to 
the severity classification is presented in Table 4. The 
clearest distinction shown here is between the patients 
classified as having pulmonary dysfunction and ARDS. 
The tenfold difference in the frequency of pulmonary 
mortality is notable. The pulmonary deaths in the patients 
classified as having a normal pulmonary response were all 
due to fairly typical lobar pneumonia and not to progres- 
sive interstitial disease. 


The Effect of Early PEEP on Pulmonary Deterioration 


The effect of early PEEP on the degree of pulmonary 
deterioratim is given in Table 5 using the proposed 
definitions of pulmonary dysfunction and ARDS. The 
overall incidence of serious pulmonary deterioration is 
almost iden-ical in both groups. The decreased incidence of 
ARDS in th» early PEEP group (20%) as opposed to the late 
PEEP group (53%) is significant (P — .002). Conversely, 
the increased incidence of pulmonary dysfunction in the 


Table 1.—Patients at High Risk for ARDS* 


Clinical Features 
and Mor-ality; Values 


Mean lowest Pao.°*, torr 70 + 21 
Mean highest shunt, 96 28 


Incidence, 96 
ARDS 


Pulmonary dysfunction 30 
Normal 35 
2 


Total mortelity, 96 4 
Pulmonary mortality, 96 19 


*Adult respiratory distress syndrome. 
tN = 79. 


Table 2.—Profile of Study Groups 


Early PEEP* Late PEEP* 
No. of patients 45 34 
Median age yr ae 45 


Etiologic factors 
Septic? 
Nonseptici 






















15 (3396) 
30 (6796) 


14 (4196) 
20 (5996) 














*Positive enc-expiratory pressure. 


TIncludes pulmonary and extrapulmonary sepsis. 
Factors include trauma, aspiration, and multiple transfusions. 





Table 3.—Cardiopulmonary Measurements vs Degree 
of Pulmonary Deterioration* 












Pulmonary : 
Normal Dysfunction ARDS; 


Pao.^*, torr 82 75 55 
Pao,'°, torr 270 239 153 
Compliance 41 38 37 


- *Numbers in table represent mean of most extreme values. 
TAdult respiratory distress syndrome. 
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Table 4.—Mortality vs 
Deg»ee of Pulmonary Deterioration 


No. (96) of Patients 


——70(ÓÀ 





Pulmonary 
Normal Dysfunction ARDS* 
(N = 28) (N = 24) (N = 27) 


















Morality 8 (28) 6 (25) 18 (66) 





Pusmonary mortality 3t (10) 1 (4) 11 (41) 
*Adet resp ratory @istress syndrome. 
1Pneumonia. 









Tae 5.—Effect of Early PEEP* on 
Pulmonary Deterioration 






Early PEEP Late PEEP 
No. (96) No. (96) 





P Valuet 







Pulmonary deter»-ration 
ARDSt 


Pulmonary dystunction 20 (44) 4 (12) <.002 
Total 29 (64) 22 (65) >.5 







9 (20) 18 (53) <.002 









*Positive end-expiratory pressure. 
Fischer exact test 
tAdwit respiratory sistress syndrome. 











Table 6.—Effect of Early vs Late PEEP* on 
Pulmonary Deterioration 





Early PEEP Late PEEP 
Pa3-^*, torr 74 (35-143)t 66 (30-119) 


Pa2-'^, torr 231 (55-400) 204 (44-390) 


Shunt, 96 25 (15-47) 31 (15-68) 
Compliance 39 (20-66) 40 (11-60) 


*Posiive emd-expiratory pressure. 
TNumbers in parentheses represent range. 





patients treated with early PEEP is similarly significant 
(P < .002). 

Another approach to comparing the degree of pulmonary 
deter eration in “he two groups is presented in Table 6. 
Four ef the more common determinations used to quanti- 
tate the degree cf pulmonary compromise are tabulated. 
The most abnormal result of each measurement in each 
patient was recorded, and the mean and ranges are listed. 
Consiierable overlap exists, but the mean values for all 
‘determimations except compliance are less abnormal for 
the early PEEP patients. 


The Effect of Early PEEP on Mortality 


Three aspects ef mortality were evaluated and statisti- 
cally compared between the two study groups using the 
Fischer exact test (Table 7). The crude mortality is lower in 
the early PEEP group (35% vs 50%) although this differ- 
ence 3oes not quite meet the requirements for statistical 
significance. Pulmonary mortality specifically reflects the 
influence o? early PEEP, since the primary effect of early 
PEEP is to reduce the severity of pulmonary deterioration. 
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Table 7.—Effect of Early vs Late PEEP* 





Early PEEP Late PEEP 
No. (%) No. (%) 


Crude mortality 16 (35) 17 (50) .06 
Pulmonary mortality 5 (11) 10 (29) .02 
ARDS} mortality 6 (66) 12 (66) gu 


P Valuet 


*Positive end-expiratory pressure. 
TFischer exact test. 
tAdult respiratory distress syndrome. 









Table 8.—Effect of Early vs 
Late PEEP* on Morbidity 





Mean 
ee 


Early PEEP Late PEEP 


Total No. of survivors 29 17 


Days receiving ventilation 7 (2-19)? 10 (2-30) 


Days in intensive care unit 9 (2-24) 15 (3-45) 


Days of PEEP treatment 5 (0.5-14) 8 (2-26) 











*Positive end-expiratory pressure. 
TNumbers in parentheses represent range. 


The pulmonary mortality in patients treated with early 
PEEP was 11%, as compared to 29% in the late PEEP group 
(P = .02). The third aspect evaluated was mortality in 
patients with ARDS. Six of nine patients (66%) with ARDS 
in the early PEEP group died, as did 12 of 18 patients (66%) 
in the late PEEP group. 


The Effect of Early PEEP on Morbidity 


The effect of early PEEP on morbidity is more difficult 
to document objectively but does appear to be beneficial. 
The criteria used to express morbidity are the duration of 
ventilation, PEEP, and intensive care required, and the 
direct complications of therapy. A comparision of the mean 
and range of these modalities in the survivors in the two 
groups is presented in Table 8. Although much overlap in 
the ranges exists, the mean values are considerably less for 
the patients treated with early PEEP. 

Major complications of ventilatory therapy occurred in 
five patients (11%) in the early PEEP group and four 
patients (12%) in the late PEEP group. The specific 
complications included pneumothorax and tracheoesopha- 


geal and bronchopleural fistula. All developed in patients . 


receiving more than 7 cm H-O PEEP. Hypotension due to a 
decreased cardiac output as a result of PEEP occurred in 
only one patient being treated with 5 em H,O or less. This 
patient had a 25% fall in cardiac output after the institu- 
tion of 5 em H,O PEEP. His pulmonary wedge pressure 
was zero at this time, suggesting hypovolemia. This was 
corrected with erystalloid infusion, and the subsequent 
reinstitution of 5 cem H,O PEEP was well tolerated. 


COMMENT 


Acute progressive pulmonary disease has received 
increasing emphasis as a major determinant of survival in 
critically ill patients. Predisposing factors are recognized, 
although the precise etiology of the process is not known. 
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ALL POSTOPERATIVE AND 
ACUTELY ILL SURGICAL PATIENTS 


Normal Pulmonary 


Pulmonary Deterioration 
Response 


Specific Cardiothoracic 
Problem 


Pulmonary Parenchymal 
Impairment 


Pulmonary Dysfunction ARDS 





Spectrum of pulmonary response in surgical patients. 


Consequently, clinical management has necessarily been 
directed toward modifying known predisposing factors 
and supporting vital functions. 

Positive end-expiratory pressure has been a common and 
useful adjunet in the ventilatory management of these 
patients since Ashbaugh and co-workers’ initial description 
of the procedure.’ Hypoxemia has usually been considered 
the primary indication for initiating PEEP. Several inves- 
tigators, representing a large clinical experience, have 
reported the success achieved with a variety of ventilatory 
and mechanical methods.** 

The theoretical basis for the use of PEEP in respiratory 
distress syndrome is to increase, or prevent further reduc- 
tion in, the functional residual capacity. This should 
prevent or reverse progressive microatelectasis and there- 
by improve ventilation-perfusion relationships. Pulmonary 
venoarterial shunting should therefore decrease, and the 
alveolar to arterial oxygen gradient should lessen. Much 
clinical and experimental data support that these effects 
do occur in subjects with ARDS.'"' Unfortunately, the 
progressive course of the established disease is often not 
affected by PEEP instituted for severe hypoxemia. 

Several clinical and experimental studies support the use 
of PEEP as prophylaxis for respiratory distress syn- 
drome.'*'* Our major objection to the previously reported 
clinieal data is that the disease processes treated have been 
incompletely defined. In addition, the population groups 
included have not been as well delineated as the critically ill 
patients in our study, who had a typically high incidence of 
this disease. It is our contention that the relative infre- 
quence of the syndrome and the variations in its severity 
necessitate a more complete classification and precise 
definitions to validate the efficacy of prophylaxis. For this 
reason, the concept of a spectrum of pulmonary response to 
a systemic insult is included in our data (Figure). In 
addition, we have empirically subdivided the syndrome to 
clarify the results obtained. The evaluation of PEEP 
instituted early in the course of the disease requires 
guidelines for the selection of appropriate patients. Such 
criteria have been empirically developed and were 
presented earlier in our report. Although admittedly inex- 
act, the utility and validity of these criteria are supported 
by the observation that in two thirds of the patients, 
serious pulmonary disease developed. 
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Appropriate ventilatory assistance, intense pulmonary 
hygiene, eccurate fluid balance, and the aggressive thera- 
py for sepsis are the mainstays of prophylaxis and therapy 
for patients with pulmonary deterioration. The current 
data support the efficacy of early PEEP in reducing the 
severity Cf pulmonary deterioration (Table 5). The inci- 
dence of significant deterioration was not altered, but a 
less severe form of the disease developed in the majority of 
patients treated with early PEEP (P < .002). Conversely, 
severe disease developed in the majority of the patients 
with pulmonary deterioration not treated with early PEEP 
(P < .002) : 

The miller degree of pulmonary deterioration occurring 
in the pat ents treated with early PEEP resulted in fewer 
pulmonarr deaths (P — .02), as outlined in Table 7. The 
effect on overall mortality is apparent (35% vs 50%), 
although -his difference did not quite achieve s:atistical 
significance. 

Complications resulting from the early institution of low 
level PEEP were minor and infrequent in these patients. 
Depression of cardiac output following the institution of 5 
em H.O FEEP occurred in one patient, who was subse- 
quently found to be hypovolemic. No instance of barotrau- 
ma was doeumented in the patients treated with less than 7 
cm H,O PEEP. Routine invasive monitoring was used in 
these patents, and direct observation established the 
safety of asing 5 cem H,O PEEP. This is consistent with 
reports tFat low levels of PEEP are well tolerated in 
normovolemic patients.'*'* Intense hemodynamic monitor- 
ing of unstable patients is necessary with the use of even 
low levels of PEEP. 

If ARD3 develops despite the early institution of low 
levels of PEEP, the outlook remains poor; the mortality for 
patients whose conditions met the criteria for ARDS was 
66% in both groups. This emphasizes that early PEEP is 
adjunctive therapy and incompletely successful, and that it- 
alters the degree of deterioration and the incidence of 
ARDS rataer than preventing its occurrence. 
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Discussion 


JERRY M. Sneck, MD, Albuquerque, NM: To me, the major value 
and legitimacy of this prospective study of early PEEP relates to 
the careful selection of the candidates for this treatment. The 
authors’ criteria have evolved from very perceptive thought and a 
lot of werk. In addition, they showed some wisdom in avoiding the 
word “prophylactic” as a descriptive term for what we know is 
really early tnerapy 

Those ef us who take care of severely traumatized patients and 
patients wita sepes have been looking for this prospective 
randemized study o early PEEP. Most of us have only recently 
stumbled on this concept. 

I do have one question for the authors, however. Once ARDS did 
develop, why was the mortality identical in both groups of 
patients? Dic early PEEP not soften the impact of that horrible 
complication: - 

Roser? F. WiLsos, MD, Detroit: I agree with the main points 
presented in tnis paper. It is vitally important to consider the 
patient's elirical status as well as the levels of blood gases in 
assessing the possible need for ventilatory assistance or PEEP. 
However, if the clinical situation suggests that ARDS is likely to 
develop, one should not wait Zor blood gas deterioration before 
providing ventilatory assistanee. 

I firmly believe that early PEEP is of value in treating critically 
ill or injured patients, and I will usually add 5 to 10 em H.O PEEP 
to any individual placed on a ventilator, unless he is hypovolemic or 
has moderate to severe chronie obstructive pulmonary disease. If 
PEEP is to be used properly, careful hemodynamic monitoring is 
essential. Cardiac eutput may fall preciptously if the patient is 
hypovelemic. By the time the blood pressure falls, the cardiac 
output usually as fallen by at least 25% to 33%. Messrs Hechtman 
from Boston ard Mansoori from our laboratories have shown that 
PEEP tends to raise left atrial filling pressures in experimental 
animals while redueing cardiac output and blood pressure. This 
tendeney must be watched for closely. 

Some cf the areas where I disagree with the authors include the 
amount of PEEP ased, the measurements used to follow the 
patient's progress, and the authors' preference for removing 
PEEP early during weaning. Not infrequently the optimal amount 
of PEEP, as determined by serial caleulations of shunts and 
oxygen transport, is greater than 5 to 10 em H.O. Evaluation of 
pulmonary funetionin ARDS should be by physiologie shunting or, 
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preferably, by the shunt index. The shunt index is the percentage 

of physiologie shunting divided by the cardiac index. I would have 
liked to see these numbers for each group prior to treatment and 

at various stages to really see the advantage of prophylactic 

PEEP. Oxygen transport, which is arterial oxygen content multi- 

plied by cardiac output, is important because PEEP not infre- 

quently causes the cardiac output to fall much more than the 

arterial oxygen content increases. If cardiac output falls and the 

shunt is still high, fluid or inotropic drugs should be given to 
restore the cardiac output. 

Death due to pulmonary causes alone is unusual. Most of these 
patients die of multiple organ failure, usually due to or associated 
with sepsis. 

In weaning of patients from the ventilator, I prefer to have the 
patients on intermittent mandatory ventilation (IMV) and reduce 
the FIO, and rate of IMV first, finally progressing to sigh- 
weaning in problem cases. I tend to keep 5 em H.O PEEP on until 
just prior to extubation. 

Davip C. ASHBAUGH, MD, Boise, Idaho: I wish to congratulate 
the authors on what I know is a very difficult subject to study, as I, 
too, have labored for many years in those somewhat tangled 
vineyards. To obtain data such as they did from a group of 
patients who are critically ill, whose conditions change rapidly, and 
for whom therapies are constantly changing is indeed admir- 
able. 

We know that ARDS can be a devastating disease. The fact that 
the patients who did have ARDS had such a high mortality is 
evidence of this. I think that the investigators' figures are quite 
accurate and probably do reflect the general trend in ARDS. 
Therefore, it is important that we look for ways of preventing the 
more severe forms of ARDS. Mortality from this illness is still 
high, no matter what we do. 

Positive end-expiratory pressure has been a very interesting 
adjunet to this. Many functions have been accredited to PEEP, but 
basically it maintains the functional residual capacity, and thereby 


keeps more alveoli open. Essentially, it buys you time to treat the 


underlying causes and to keep the patients alive until they can get 
well. 

DR SNYDER: I would like to thank the discussants for their 
comments and will attempt to answer the questions posed. 

Dr Shuck, I think the high mortality in patients with ARDS just 
emphasizes that PEEP is not a panacea. We have probably sorted 
out the patients with the most severe form of this disease. The use 
of PEEP appears to lessen the magnitude of the response, or 
virulence of the disease, in the remainder of the patients. Those 
patients with severe interstitial disease, however we define the 
clinieal entity of ARDS, have a very high mortality. Given the 
definition that we used, a mortality of 66% is probably consistent 
with most reported series. Our main contention is that the early 
institution of PEEP significantly reduces the incidence of florid 
pulmonary failure. 

Dr Wilson, we have the shunt data in abundance, but the mean 
values did not enhance the data description and the scatter was 
broad. My recollection is that the average shunt in the patients we 
classified as having ARDS was in the neighborhood of 45% to 50%. 
It was lower than this in those we classified as having pulmonary 
dysfunction. As you recall from our definition, a shunt below 25% 
was not sufficient to qualify a patient for the diagnosis of 
pulmonary dysfunction or ARDS. The correlation between shunt 
and the Pao. on an intake of 100% oxygen does not appear to be 
linear, and this index of ability to oxygenate was useful in 
defining the presence and extent of pulmonary interstitial 
disease. 

Thank you, Dr Ashbaugh, for your kind comments and support 
of this concept. 
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A. Rahim Moossa, MD, FRCS, FACS 


* Over an eight-year period, 24 patients were referred follow- 
ing laparotomy at various community hospitals where their 
conditions had been diagnosed as “incurable pancreatic 
cancer." Seventeen of these patients’ conditions were reeval- 
uated and they underwent exploratory surgery again. In two 
patients, no cancer was found in spite of multiple biopsies. Nine 
patients underwent total pancreatectomy with no operative 
deaths, and two of them had localized primary ampullary cancer. 
Eleven of these 17 patients have survived 1% to six years. We 
conclude that reoperation in selected cases in which the condi- 
tion was diagnosed as “inoperable pancreatic cancer" can have 
an appreciable salvage rate. We suggest that pancreatic explo- 
ration with a view to resection should be performed only in 
specialty centers where there is interest and expertise in the 
problem. 

(Arch Surg 114:502-504, 1979) 


f ds correct philosophy and approach in the manage- 
ment of patients with conditions suggestive of 
pancreatic cancer are currently under discussion. Most 
authorities would agree that early diagnosis followed by an 
adequate resection remain the only chance of effecting a 
cure from this disease. If resection does not cure, it 
provides the best palliation both in terms of longevity and 
symptom-free interval.' Whether such operations can be 
adequately handled by most general surgeons remains a 
matter of debate. In 1968, Howard,‘ supported by Jordan, 
stated that “centralization” is essential to avoid the often 
reported high mortality and morbidity and that the opera- 
tion should be concentrated in the hands of a few experi- 
enced surgeons. On the other hand, Bloom and Steer? have 
maintained that pancreatic resections can be safely 
performed by any surgeon who is technically competent to 
perform complicated operations. Over the past ten years, 
the controversy has been further heightened by the advent 
of sophisticated methods of investigating the pancreas 
that can provide the surgeon with vital preoperative 
information to obviate the need for prolonged diagnostic 
maneuvers on the operating table. To what extent 
surgeons who perform operations on the pancreas should 
use these backup preoperative evaluations is at present 
another debatable issue. This report deals with a personal 
series of 24 patients who were referred from various 
community hospitals after an initial laparotomy when 
“incurable pancreatic cancer” was diagnosed. 


PATIENTS AND METHODS 


Between 1970 and 1977, 24 patients, aged 35 to 77 years (mean 
age, 59 years), underwent initial laparotomy for the following 
main symptoms: weight loss greater than 10% of normal body 
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weight, 2( patients; obstructive jaundice, 16 patients; and abdom- 
inal pain, 18 patients. 


Initial Evaluation 


In 15 o^ the 24 patients, no attempt was made te obtain a 
definite preoperative diagnosis. Ultrasonography was performed 
in five pat-ents, computerized tomography (CT) in three, arteriog- 
raphy in ene, and transhepatic cholangiogram in two patients. 
Endoscopi* retrograde cholangiopancreatography was unsuccess- 
fully attenpted in one patient. 


Initial Laparotomy 


The records indicate that the initial laparotomy was not 
adequately performed in at least ten patients who all underwent 
exploratory procedures through a "mini-lap" right subcostal inci- 
sion. Pancreatic biopsy was performed in eight of 24 patents, with 
resulting pancreatic fistula in two of them. In another two of the 
eight patients, the pancreatic biopsy specimen was misinter- 
preted, pamcreatitis being read as indicative of pancreatic carcino- 
ma. Lymph node biopsy was performed in two patients, with 
normal findings on the specimens. Biopsy of liver metastases was 
correctly performed and specimens interpreted in four patients. 
Sixteen of che 24 patients underwent internal biliary drainage and 
one patien- had external biliary diversion. Gastrojejunostomy was 
performed in four patients. 

Eleven ef the 16 jaundiced patients had a laparotomy for 
“obstructive jaundice” without any diagnostic attempt being 
made to identify the site and cause of the obstruction. Three of 
these 16 patients had concomitant gallstones and pancreatic 
cancer. Two of the 18 patients who had pain had gallstones 
associated with chronic pancreatitis that was interpreted on 
biopsy speeimen as pancreatic cancer. 


Reevaluation and Reoperation 


Seven of the 24 patients were refused reoperation, the reason 
being that three of them were frail and elderly and that the 
remaining four had biopsy specimen-proved metastatic disease. It 
was thougH that all seven patients had received adequate surgical 
palliation. The mean survival of these seven patients was 5% 
months with a range of two to seven months. 

Seventeen patients were fully reevaluated and underwent 
repeated exploratory surgery. The mean duration of time between 
the first and the second operation was 2% months, the range being 
from six weeks to nine months. All 17 patients underwent 
ultrasonography, celiac and superior mesenteric arteriography, 
and endoscepic retrograde cannulation of the papilla (ERCP) with 
aspiration cytology. Thirteen of the 17 patients also had CT scans 
of the pancreas. Findings from aspiration cytology were normal in 
11 patients and arteriography delineated an anomalous origin of 
the right h2patic artery from the superior mesenteric artery in 
four of the 17 patients. Liver scan did not show evidence of 
metastatic disease in any of the patients. 

At repea-ed exploratory surgery, three patients were found to 
have metastatic pancreatic cancer. The mean survival was less 
than seven nonths, with a range of four to 11 months. Three more 
patients had locally unresectable pancreatic cancer. The mean 
survival was less than 12 months, with a range of ten to 13 months. 
Gastrojejurostomy was performed in one of these three patients 
for duodenal obstruction, and biliary bypass was revised in 
another wh» was still jaundiced after a cholecystoduodenostomy. 
This was converted into a choledochojejunostomy Roux-en-Y 
operation. all three patients received a combination of radiation 
therapy anc chemotherapy postoperatively. 

Nine patents underwent total pancreatectomy with regional 
lymphadenectomy. A segment of portal vein was resected with 
end-to-end anastomosis in one case. There was no operative death. 
Intraoperatve hemorrhage, which exceeded 5 units of blood, 
occurred in seven patients. This continued postoperative y in four 
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Surgical pathologic examination of the resected specimens 
showed amptllary cancer witheut any nodal involvement in two of 
the nime pa-ients. They are both alive at 3% and 4% years, 


respectively, after eir operations, Two of the seven patients with 
telle ponereuze canoe? led from métastáis ue and 11 


months pestoperati-ely. Three more patients died from unrelated 
causes at 2, 5, and 3 years, respectively. One patient had proved 
primary cancer of me lung, and the other two died of myocardial 
infarction. On auteosy no evidence of residual pancreatic cancer 
was seen in amy o° the cases. Two of the patients are alive and 
disease free at 2! and 4% years, respectively. 

Repeated 2xploracory surgery failed to indicate any evidence of 
pancreatic cancer ia two patients in spite of extensive mobiliza- 
tion, visualization, »alpation, and biopsy of the whole pancreas. 
The original hiopsy slides were also reviewed and confirmed the 
diagnosis of chronie pancreatitis. Both patients are alive and well 
at 3% and 5!$ years respectively. 


COMMENT 


This series is small and may not be representative of the 
standards of pamereatic surgery at a national or interna- 
tional level. Nevertheless, it illustrates some major issues 
that are pertinert to both the patient and the pancreatic 
surgeon. Complicated medicolegal problems are now facing 
the two patients who did not have pancreatic cancer and 
their initial surgeons and pathologists who diagnosed the 
disease. It is also noteworthy that only six of the 24 
patients were actually referred by their initial surgeons for 
further evaluatien and treatment. The remainder were 
referred by rela-ives or friends. Ten of the 24 patients 
underwent expleratory surgery through a mini-lap right 
subeestal :neision that was obviously not adequate for 
proper visualizat.on and palpation of the pancreas. 

It is questionable whether any patient with obstructive 
jaundice should undergo exploratory surgery without a 
serious attempt deing made to obtain an exact preopera- 
tive diagnosis. The relative values of all new diagnostic 
methods forinvestigating the pancreas and biliary tree are 
now established* Ultrasonography or CT scan delineates 
the size ard the ocation of pancreatic masses.‘ The ERCP 
with aspiration eytology is the most likely test to provide a 
definitive diagnssis of periampullary cancer.’ In our hands, 
abnormal -ytologic findings are obtained in more than 95% 
of ampullery tumors and 78% of cancers in the head of the 
pancreas. A5normal cytolegic findings obviate the need for 
a time-consuming biopsy on the operating table, and the 
surgeom car devote all his time to assessing the resectabil- 
ity ef the panereatic mass. The role of angiography in 
outlining the major anomalies of the foregut vasculature 
has already beer emphasized." In two of the nine patients 
who umderwent pancreatic resection, the right hepatic 
artery orizinated from the superior mesenteric artery and 
could easily have been damaged in the course of the 
disseetion. It is worth noting that three patients harbored 
both gallstones and pancreatic cancer. The clinical picture 
in all three cases warranted further evaluation of the 
biliary tree anc pancreas prior to laparotomy. Although 
there is ro operative mortality in this small reoperation 
series, the operating time and technical difficulties were 
substantially imereased. The incidence of intraoperative 
and posteperatwe hemorrhage was unduly high for the 
group. 
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| We believe that all unresectable and/or metastatic 
. tumors of the pancreas should be diagnosed by appropriate 


biopsy and frozen-section histology before the patient 
leaves the operating room even if the job is time consum- 
ing. This removes all possible doubt—an important point 


When palliative procedure restores the patient to near 
normal health for several months, and doubt ls raised ag to 


the true diagnosis. Known abnormal biopsy findings after 
a thorough exploration will then prevent an unnecessary 
“second look” laparotomy. Biopsy and frozen-section his- 
tology may be made of peripancreatic lymph nodes if 
unresectability and/or the presence of liver metastasis has 
been established. The presence of an abnormal regional 


lymph node per se is not an absolute criteria of unresecta- - 


bility. The five-year survivor in this group had metastatic 
cancer in one of 57 lymph nodes and died free of the 
disease. All unresectable masses should be outlined with 
silver clips to delineate a possible radiation port. A gastro- 
jejunostomy should be performed at the time of internal 
biliary drainage in those patients with impending duoden- 
al obstruction. 

This small series supports our previous contention with 
larger numbers that the only adequate surgical treatment 


for pancreatic cancer is a total pancreatectomy with 


regional lymphadenectomy.*^ It is of note that one patient 
died at six years with primary cancer of the lung and two 
died of myocardial infarction. All three patients were 
heavy cigarette smokers. The relationship between ciga- 
rette smoking, pancreatic cancer, and lung cancer is 
currently becoming an established fact.’ 

Pancreatic surgery has now reached a high degree of 
sophistication and specialization. Adequate preoperative 
information is mandatory if the surgeon is to perform the 
best and most expedient operation. As early as 1946, 
Whipple’ abandoned the two-stage operation for cancer of 
the head of the pancreas. The advent of antibioties, 
vitamin K, transfusion of blood, and coagulation factors 
have all rendered the one-stage resection safer and more 
preferable. It is not often stressed that the second-stage 
operation is usually more difficult technically and more 
hazardous to the patient. Three of the nine patients who 
underwent total pancreatectomy bled massively postopera- 
tively and two had to undergo repeated exploratory 
surgery. 

Since there are 22,000 new cases of pancreatic cancer 
diagnosed each year in the United States, it is clear that 
not all of them ean have exploratory surgery primarily at a 
specialty center. The best temporizing procedure for the 
inexperienced surgeon is to perform a simple cholecystos- 
tomy without any unnecessary dissection and to transfer 
the patient for definitive treatment at an appropriate 
center where there is interest and expertise in the problem. 
There is still the occasional indication for a two-stage 
resection, namely, a very ill patient with highly elevated 
bilirubin levels, sepsis, or hepatorenal or severe cardiopul- 
monary disease.’ 

It is highly appropriate to end this presentation by 
quoting Kenneth Warren": "Exploration for diagnosis by 
surgeons incompetent to carry out definitive pancreatic 
surgery is not appreciated for the futile gesture that it 
is—an exercise that usually accomplishes little but makes 
diagnosis at second operation almost impossible, inereases 
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Discussion 


"WILLIAM H. REMiNE, MD, Rochester, Minn: This is an important 
article from the standpoint of protecting the patient from the 
onslaught of unnecessary procedures where they interfere with a 
curative procedure at some later date. 

About a third of the patients that we see with cancer of the 
panereas have been operated on, and various types of bypass 
procedures have been performed. I admit that it is a controversial 


. subject. In the literature today, you find good articles going all the 
= way from palliative procedures to ultraradical procedures of the 


Fortner variety, and then in between there are those who believe 
in doing Whipple’s operations and total pancreatectomies. You can 
back up whatever you want to do with some article from the 
literature, but you certainly do not do the patient a favor by 
interfering with the entire operative field by attempting to do a 


— halfway procedure. 


One ean tell what the surgeon had in mind by the incision that 


— hemakes and where he puts the patient on the operating list. If he 


puts the operation on at four o'clock in the afternoon, you know he 
is not planning to do a resection. Also, if he makes a tiny incision 
someplace where he is not going to have adequate access to the 
pancreas, you know he is not planning to do anything there either. 
I certainly agree with Dr Moossa that these operations should be 


< done by those surgeons who are interested in them and who are 


willing to work and develop some expertise in the area. We get a 
chance to do resection in about one in ten cases at our institution. 
Some are referred in. Some come in as his did by patient- 
to-patient referral. A definite diagnosis is absolutely essential as 


he pointed out, and the operability is often a reflection of the 
-  surgeon's enthusiasm for the procedure. 

— We have to be candid about this. Total pancreatectomy at this 
. point in time is found to be a reasonable operation, and I was 
delighted to see that he has done nine of those without any 


mortality in this difficult group of patients that have already 
undergone exploratory surgery. 

We have been enthusiastic about total pancreatectomy. We have 
118 total pancreatectomies now that we have done for all types of 
lesions, some of those even for extensive pancreatitis with excru- 
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ciating paia. We have been able to reduce our operative mortality 


Af D tae mare fece years, We thik dhat hie teni 


approach and ean offer the patient at least some longevity. We 
have increzsed our three-year survival rate by about 50%. 

We do taink that toal pancreatectomy is a good alternative 
when doing a Whipple procedure for a duodenal lesion or an 
ampullary Psion if it is not going to work, and one can tell by the 
way the sutures are placed whether they are going to hold or not. 
We recommend that you go ahead and take the rest of the body 
and tail out It makes it a simpler procedure, and it is safer for the 
patient. 

RoBERT J BAKER, MD, Chicago: Every resident, as we all know, 
wants to perform the "Cadillac" of abdominal operations, pancrea- 
toduodenectomy for cancer. Unfortunately, it frequently turns out 
that for the-esident, it is not really a Cadillac he is trying to drive, 
it is a Formala I racing car. I do not think there are any ef us who 
have not found that a Whipple operation, especially at reoperation, 
ean be an extremely demanding operation for even the most 
experienced To afford a resident the opportunity to perform one, 
or perhaps wo, of these procedures during his entire residency 
may not serve him well several years later when he has his next 
exposure to an acceptable candidate. Dr Moossa's presentation 
emphasized -he necessity for the occasional operator to realize that 
a pancreatoeuodenectomy is indeed demanding, and therefore, it 
may be in tke patient's best interest to relieve the jaundice, with 
plans to refer the patient to a major center as soon as possible. 

Interestingly, his manuscript advocated cholecystostomy for 
this purpose We have had little predictable success in decompres- 
sing the bilizry tree in far advanced lesions either by cholecystos- 
tomy or chdecystojejunostomy. I would inquire of Dr Moossa 
whether it would not be better for us to advise our colleagues who 
do not plan * proceed with the Whipple operation to decompress 
the common bile duct rather than to rely on the gallbladder and 
cystic duct to relieve the jaundice? Although simpler, use of the 
gallbladder 5 not as effective. 

I envy the author's ability to obtain preoperative ERCP with 
accurate cytelogic studies in so many patients in this series. We 
have an actve group of endoscopists, all gastroenterelogists, 
performing tnis procedure. Unfortunately, they have seldom been 
able to cannvlate the pancreatic duct in patients with pancreatic 
cancer althovgh these patients were candidates for panmcreato- 
duodenectoms. The advantage of cytology and a specific preoper- 
ative microscopic diagnosis is considerable. Since that is the case, I 
would like to ask Dr Moossa what his approach is to the intraoper- 
ative diagnoss of a mass in the head of the pancreas, espeeially in 
a patient previously operated on where the differential diagnosis 
between localized pancreatitis and cancer can be a most challeng- 
ing problem. 

DR Moossa Cholecystostomy is advised as a temporizing prece- 
dure in patierts with a widely patent cystic duct. If the cystie duct 
is obstructed or if the patient has concomitant gallstones, the 
biliary tree sould be decompressed by placing a T tube in the 
common bile duct. Whatever the method of biliary decompression, 
the main thirz is not to perform any unnecessary dissection. It is 
the halfhearted dissections, the inadequate Kocher maneuver, and 
the various fatile palpations and manipulations that make life 
difficult the second time around. Our main problem at reoperation 
is hemorrhage. 

With regard to diagnosis, we are spoiled because we have two 
real artists m Dr Blackstone, who is a superb endoscopist/ 
cannulator, and Mr Cockerham, who is probably the best and most 
experienced upper gastrointestinal cytologist in the country. In 
those few cases when we do not have preoperative abnormal 
cytologie fincings, I assess the situation simply on clinical 
grounds. If tae mass can be circumscribed and conditicns are 
favorable, I proceed with a resection since this is the best biopsy. 
All unresectable masses have an adequate biopsy done before the 
patient's incison is closed. 


Reoperation for Pancreatic Cancer—Moossa 
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* Eighty-three infants and children underwent surgical correc- 
tion of gastroesophageal reflux (GER) from 1973 to 1978. Fifty- 
four patients had coexistent brain damage (most commonly due 
to cerebral pelsy), eght were previously treated for esophageal 
atresia, and four had gastroschisis or omphalocele repair. 
Clinica! presentation included failure to thrive in 64 patients, 
vomiting in 59, and securrent bouts of aspiration pneumonitis in 
43. Barium roertgenography showed GER in 61 patients, where- 
as additional :ests (particularly pH monitoring) were required for 
detection of GER in 22 patients. After failure of medical manage- 
ment, transabdominal Nissen fundoplication was performed in 
80 cases and a Hill repair in three cases. The surgical mortality 
was zere, but there were five late deaths. Results were consid- 
ered excellent in 54 patients, good in 22 patients, and poor in 
seven. Ten of 12 parients with preoperative stricture responded 
to dilation after fundoplication. Nissen fundoplication was a safe 
and effective antireflux procedure in 76 of the 83 cases. 

(Arch Surg 114:5C5-510, 1979) 


omiting in imfants is a common, often benign, and 

frequeatly self-limited problem. In infants and chil- 
dren with vcmiting related to gastroesophageal reflux 
(GER), however, tae clinical syndrome may extend beyond 
the harmless “buring” that almost all infants experience 
to a patholegic disorder that can result in devastating 
complications and death. Although vomiting is the hall- 
mark of GER, meny patients have more indirect clinical 
findings sueh as malnutrition and growth retardation, 
recurrent beuts of aspiration pneumonitis, or dysphagia 
and anemia related to esophagitis and stricture. In recent 
years, much atten-ion has focused on the accurate identifi- 
cation ef patients with severe dysfunction of the lower 
esophageal sphincter and GER. This report describes our 
experienee with the diagnosis and management of 83 
infants and children with severe GER that required oper- 
ative intervention 
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SUBJECTS AND METHODS 


Eighty-three patients with GER underwent surgical treatment 
at the James Whitcomb Riley Hospital for Children at the Indiana 
University Medical Center, Indianapolis, during a five-year period 
beginning in July 1973. Fifty patients were male and 33 were 
female. Age at operation ranged from 6 days to 17 years, with 29 
patients (35%) being younger than 18 months of age (Fig 1). The 
symptoms included failure to thrive in 64 patients (78%), vomiting 
in 59 (71%), and recurrent bouts of aspiration pneumonitis in 43 
(52%). Twelve patients (14%) had strictures, whereas 14 (17%) were 
anemie at the time of diagnosis (Fig 2). Gastroesophageal reflux 
occurred in 54 patients with brain damage and this represented 
65% of the total group. Among the brain-damaged patients, 
cerebral palsy was the preponderant condition; however, GER also 
occurred in patients with brain tumor, chromosomal anomalies, 
and postmeningitic states. Gastroesophageal reflux followed oper- 
ative repair of esophageal atresia and tracheoesophageal fistula in 
eight patients, ventral abdominal wall defects (gastroschisis or 
omphalocele) in four patients, and achalasia of the esophagus in 
one patient. 

All patients had one or more thorough upper gastrointestinal 
(GI) barium roentgenograms, and GER was shown by this mean in 
61 cases (73%). In the remaining 22 patients, detection of GER 
required additional studies, including endoscopy, esophageal func- 
tion testing (lower esophageal sphineter manometry and intralu- 
minal pH measurements), or a four- and 24-hour *"Tec gastric 
scintiscan. 

Nonoperative management was initiated at the time of diagno- 
sis in each instance. Infants were treated by erect positioning and 
thickened feedings, whereas older children were provided with 
"shock blocks" for the head of the bed and were counseled against 
assuming recumbency after eating. Antacids were given for 
esophagitis. Duration of medical treatment ranged from six days 
(in a newborn with severe massive reflux and a large hiatal hernia) 
to six years (in one patient with cerebral palsy who had received 
long-term treatment with antacid and iron at another institution). 
Patients who did not evidence weight gain, cessation of vomiting, 
and clearing of pneumonitis after a vigorous two-week in-hospital 
regimen underwent surgical procedure. 

Eighty patients underwent transabdominal 360° fundoplication 
as described by Nissen.'* The operation was performed through an 
upper midline incision, with the left hepatic triangular ligament 
divided for exposure of the esophagogastric junction. The vagus 
nerves were identified and preserved, and the greater curvature of 
the stomach was mobilized by careful ligation and division of the 
vasa brevia. The left gastric vessels remained intact. Nonabsorb- 
able suture material was used for the fundoplication (No. 3-0 silk 
or synthetic material). Intraoperative retrograde or antegrade 
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Fig 1.—Age distribution of patients treated operatively for gastroeso- 
phageal reflux. Twenty-nine patients (35%) were less than 18 months 


old. 
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Growth Vomit, Pneum. Anemia Stricture 
Failure 


Fig 2.—Initially occurring symptoms in 83 patients who 
ultimately required operation. Failure to thrive, vomiting, 
and aspiration pneumonia were predominant findings. 





Fig 3.—Nissen fundoplication performed in 80 patierts. Esophageal dilator was 
kept in place at time of operation to reduce obstructwe complications. 


dilation was performed with Tucker dilators on patients with 
stricture before plication was performed but after the esophagus 
had been exposed. All fundoplications were performed over a 
dilator in the esophagus (28 to 30 F in infants and 32 to 34 F in 
older patients) to avoid excessive narrowing of the lumen and 
subsequent “gas-bloat” syndrome. Three infants (with stomachs 
considered too small for plication purposes) underwent median 
arcuate ligament repair as described by Hill.‘ Four patients had 
achalasia of the esophagus, three patients underwent concomitant 
esophagomyotomy, and one patient underwent fundoplication 
because of postesophagomyotomy reflux. Gastrostomy was 
performed as an adjunctive procedure in patients with brain 
damage and in those with associated stricture. Gastrostomy had 
previously been used in the eight patients with esophageal atresia 
and tracheoesophageal fistula. 

Patients were routinely followed up through regular clinic visits 
with thorough physical examination, questioning as to symptoms, 
and completion of weight-height grids on each patient. Barium 
roentgenograms were taken again during the first postoperative 
year and thereafter as indicated by the presence of symptoms. 


RESULTS 


The operative mortality was zero. Major morbidity 
included reoperation for small-bowel obstruction in six 
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patients and for gastrostomy leak in two. Six patients had 
intestinal obstructions, with one suffering from adhesions, 
two from volvulus, and three from intussusception. Four 
patients had wound infections, two patients had gastrosto- 
my leaks and two patients had plication breakdowns. 
Operative results were assessed over a mean follow-up 
period of 22 months (range, five to 60 months) and were 
graded as "excellent," "good," or "poor." Fifty-four 
patients had excellent results characterized by eomplete 
cessation of vomiting and pneumonitis, neither reflux nor 
stricture appearing on postoperative barium studies, and 
restoration of normal growth and development. Twenty- 
two patients had good results, including those with slower 
improvement in growth and development, ten cf the 12 
patients with preoperative stricture (who required postop- 
erative di ations but were otherwise improved), and eight 
patients who were asymptomatie but had evidence of 
minimal reflux on postoperative contrast roentgenogra- 
phy. Thos» with poor results included five late deaths and 
two patients with frank recurrence of GER. One additional 
patient had recurrence of GER after a Hill repair." The late 
deaths oceurred in desperately ill patients with multiple- 
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Fig 4.—Positive "T^ gastric scintiscan in infant with gastroeso- 
phageal reflux GEĦ. Increased isotopic activity is easily noted in 
esophagus four hors after intragastric insertion. This test was 
positive in less thar 50% of al! patients with GER. 


system disease, in*luding brain damage and chronic respi- 
ratory distress, ard were not related to complications of 
the surgical proceeure. The two recurrences were in brain- 
damaged chidrer with preoperative stricture who had 
breakdewn af the fundoplications, probably related to 
overzealous postoperative dilations. One of these patients 
responded to a second fundoplication, whereas the other 
failed a second &tempt az fundoplication, as well as a 
subsequent stricture resection, esophagogastrostomy, and 
intrathoracic dlication. This latter patient, a 5-year-old girl 
with severe c2reb al palsy, was hospitalized for long-term 


pulmonary eare. 
COMMENT 


The clinieal tread of failure to thrive, vomiting, and 
recurrent bovts of aspiration pneumonitis should alert the 
pediatric climciar to the possible existence of significant 
gastroesephazeal reflux. Once this diagnosis has been 
considered, reflux can be confirmed in about two thirds of 
the cases by earefiul upper GI barium roentgenography. It 
is importan- to alert the radiologist in advance of the study 
that GER is a Gagnostic consideration, so he can use 
compression maneuvers during fluoroscopy and cinestud- 
ies, if necessary, to show reflux. Late roentgenograms 
should be obtainec to search for barium in the tracheobron- 
chia] tree. Jehnsen and ce-workers' have reported that 
tests fer reflux in nfants may show an increased incidence 
of false-posit ve results if performed within the two-hour 
peried after a feeding, as normal infants may reflux 
during this postp andial period. 

While bariam mentgenozgraphy has been the mainstay 
in the diagacsis cf GER, it must be emphasized that this 
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test, even when expertly performed, is not completely 
reliable. In patients with suggestive clinical symptomatol- 
ogy and a negative or equivocal contrast examination, 
additional diagnostic studies should be performed. This is 
especially true of infants and children in the groups 
identified and being at increased risk for development of 
GER (ie, brain damage, esophageal atresia, ventral abdom- 
inal wall defects, etc). The diagnostic accuracies of barium 
roentgenography, esophageal manometry, intraluminal pH 
measurement (Tuttle test), and “Tc gastric scintiscan in 
19 patients believed to have GER prospectively evaluated 
(a subgroup of the 83 patients in the present report) 
follow: 


Test No. of Patients (%) 
Barium esophagram 8/19(42.1) 
Manometry, lower 9/18(50.0) 
esophageal sphincter (LES) 
< 15mm HG 
Gastric scintiscan, "Tec 9/19(41.3) 
Tuttle test, pH < 4 19/19(100.0) 


The Tuttle test (pH — 4) seems to be the most sensitive 
detector of GER, whereas endoscopy is more specific for 
documenting esophagitis than a contrast study. Despite 
encouraging reports concerning *’"Te gastric scintiscan in 
adults, this technique seems to hold no advantage over 
existing methods of diagnosis in the pediatric age group 
(Fig 4). Less than 50% of all GER patients had a positive 
scintiscan. 

Most patients receive a trial of medical management 
after diagnosis of GER. In infants, such therapy is 
frequently successful. Randolph et al? have estimated that 
8576 of the group of infants with GER will undergo 
spontaneous remission by the age of 18 months and 
nonoperative therapy may be helpful in tiding them over 
until this time. Conversely, the other 15% of this group 
frequently suffer from a fulminant form of the disease and 
simply will not gain weight on any medical regimen. In 
these patients, many of whom have coexistent diseases and 
increased caloric requirements, an extensive trial of medi- 
cal therapy is unwarranted since effective surgical treat- 
ment exists. The potential long-term developmental conse- 
quences of protein-calorie malnutrition and growth retar- 
dation in infancy supports this opinion. The approach to 
each patient must be carefully individualized, but our 
experience has been that infants who do not respond to 
in-hospital medical management rarely respond at all. 
Euler and Ament^ have suggested that manometry may 
aid in the determination of which patients will respond to 
medical management, whereas Hill and co-workers’ have 
advocated 24-hour pH monitoring. At present, the latter 
examination coupled with evaluation of clinical signs 
remains the best guide for determining which patients 
require surgical therapy. 

Older children whose problems are related to symptoms 
of heartburn or dysphagia may be given a longer trial of 
nonoperative management, provided that a stricture is 
absent. Strieture is an advanced finding and is nearly an 
absolute indication that surgical correction of GER is 
needed. In general, we have also found that patients of all 
ages with brain damage respond poorly to medical regi- 
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Brain Damage and GER 


This report emphasizes the association between brain 
damage and GER, first noted by Abrahams and Burkitt* 
and later by Holmes." In reported series of patients with 
GER requiring operative correction,''^'' the incidence of 
associated CNS disorders has varied from 14% to 60%, in 
comparison to the 65% incidence (54/83) reported here. In 
recognition of this association, every patient with brain 
damage who is admitted to our institution for feeding 
gastrostomy is carefully evaluated for GER. Many such 
patients have GER and their condition is worsened by 
feedings through a gastrostomy in the presence of an 
incompetent lower esophageal sphincter. In our experi- 
ence, aspiration pneumonitis in patients with brain 
damage has more often been due to GER than to swallow- 
ing discoordination and frequently responds to fundoplica- 
tion. Some may question the value of correcting GER in 
brain-damaged patients, many of whom live in a chronical- 
ly debilitated state in mental institutions. We have found, 
however, that fundoplication often leads to dramatic 
weight gain and improvement in the general well-being 
and quality of life of these unfortunate people. This has 
reduced expenses incurred for repeated transfers to inten- 
sive care facilities for treatment of pneumonitis, stricture, 
and bleeding esophagitis, and has simplified their care. 

A wide variety of operations has been used to treat 
GER in infants and children, with generally good 
results.**'"^ This nonspecificity may be related to the 
high spontaneous remission rate in patients who survive 
infaney or to differences in definition of the pathologic 
entity being treated. Some authors have stressed anatom- 
ical considerations (hiatal hernia, thoracic stomach, “up- 
side-down” stomach, etc), whereas others have emphasized 
the physiologic malfunction of the LES. Johnson et al' 
found no important differences in LES pressures 
measured among control subjects, preoperative patients, 
and postoperative patients with good clinical results. In 19 
of our patients who underwent prospective manometry, 
the mean preoperative LES pressure was much lower than 
the mean for control subjects, although many of the 
patients with GER had LES pressures within the normal 
range (> 15 mmHg). 

We regard acid reflux to be the factor that causes 
symptoms and complications in these patients and there- 
fore favor surgical techniques specifically designed to 
prevent it. Simple hiatal herniorrhaphy would not have 
benefited most of the patients in this study as only eight of 
them (10%) has this anatomic finding. Hiatal hernia, 
therefore, is only a clue to the possible existence of GER 
and certainly is not an invariable coexistent finding. 

The Nissen fundoplication is a well-conceived operation 
that yields excellent and reproducible results with regard 
to raising LES pressure and relieving the symptoms and 
complications of GER in both adults" and children." 
Possible objections to routine use of fundoplication in 
infants and children include loss of the ability to vomit, the 
gas-bloat syndrome, and the alleged technical complexity 
of the operation. Only one of our 83 patients has been 
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bothered by either of the first two complieations although 


we have searched diligently for them at follow-up. 
Performing the plication over a dilator placed in the 
esophagus may help prevent the excessive const-iction of 
the lumen that could lead to these problems. With regard to 
technical complexity, we have performed 82 Nissen opera- 
tions in 30 infants and children (including two reopera- 
tions) without a death. Operative morbidity has been 
relatively low, and many of the complications seen were 
small-bowel obstructive phenomena related to laparotomy 
rather than to the specific procedure. 

Randoloh and co-workers? have suggested that subtle 
gastric ottlet obstruction may be responsible for GER, and 
therefore recommended pyloroplasty in association with 
antireflu» procedures in pediatric cases. Another possible 
explanation for the postoperative gastric outlet obstruc- 
tion seen in some patients treated for GER is operative 
trauma tc or edema around the vagus nerves. We have not 
included >yloroplasty or pyloromyotomy in the zntireflux 
procedures performed in patients with GER, yet the 
incidence of postoperative gastric emptying problems has 
been small. Three patients (4%) experienced delzyed gas- 
tric emptying postoperatively, and all responded -o nonop- 
erative treatment with bethanecol, a parasympathomimet- 
ie drug. Kt is of interest that Shermeta and colleagues" 
have noted increased LES pressures and decreasel GER in 
infants treated with bethanecholchloride. The rature of 
the inter-elationship between delayed gastric emptying 
and GER remains obscure. 


GER and Stricture 


Ten of 12 patients in the present series w th GER 
complicated by stricture responded to fundoplication with 
intraoperative dilation followed by a limited number of 
postoperative dilations. The two failures in this group 
involved breakdown of the fundic wrap, probably related to 


overly vigorous postoperative dilations. For this reason, we 


recommerd that strictures be dilated under general anes- 
thesia with the esophagus exposed prior to performing the 
fundoplication. Postoperative dilations, if required, should 
be done gently and with the patient under gene-al anes- 
thesia, using a string guide brought out thrcugh the 
gastrostomy. Instances of recurrence of GER due -o break- 
down of -he plication after dilations may respend to a 
second fundoplication, as in one of our patients. 
Disordered distal esophageal motility was observed by 
Orringer and associates'® in 21 of 22 patients carefully 
studied fer years after successful repair of esophageal 
atresia and tracheoesophageal fistula. Reports by Pieretti 
et al^ and Ashcraft et al^ confirm the high incidence of 
GER afte repair of esophageal atresia. Gastroesophageal 
reflux sheuld be suspected in instances of persistent 
postanastemotic stricture unresponsive to repeazed dila- 
tions. Altaough many of these patients with GER will 
respond t» nonsurgical management, approxima:ely 1046 
require ar antireflux procedure. Eight patients with esoph- 
ageal atresia in this report required surgical therapy for 
GER. These cases represent 9% of the 95 patients treated 
for esophzgeal atresia at our institution during the same 
time permd studied. Our experience parallels that of 
Pieretti e- al^ in that all of our patients with GER after 
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repair of esophageal atresiz responded well to fundoplica- 
tion. 

Four patiemts ia this series had achalasia. One patient 
had had a transthoracic esophagomyotomy and then 
required fundoplieation for postoperative GER associated 
with hiatal hernia Three patients had concomitant esopha- 
gomyetomy end “undoplicetion as part of a prospective 
trial to determin if fundoplication should routinely be 
added to escphagomyotomy performed in infants and 
children via tae transabdominal route. 

The associetion between congenital ventral abdominal 
wall defects and GER has nct been emphasized before. The 
four patients who had GER after repair of gastroschisis or 
omphalocele thrived after fundoplication. They repre- 
sented 8% o? the 69 patients treated for congenital abdom- 
inal wall defects at our institution during the period 
studied. An operation should be performed relatively soon 
when severe GER is identided and medical management 
fails in these patients, so as to avoid needless further 
prolongation of hespital stay. Gastroesophageal reflux in 
patients with abdominal wall defects may be related to 
increased intra-abdominal pressure caused by reduction of 
herniated abd»miral contents into a diminutive peritoneal 
cavity. This may lead to a change in the angle of His at the 
esophagogastrie junction ard might also explain cases of 
GER oeeasicnally noted among patients with eventration 
of the diaphragm, abdominal tumors, or liver disease with 
ascites and inereased intra-abdominal pressure. Wernly et 
al” reported that an increase in intra-abdominal pressure 
was the cause of 4®% of reflux episodes in a group of adults 
studied with tocodynamometer techniques. These authors, 
however, did mpl cate other mechanisms, including tran- 
sient relaxation of the musc-e tone in the distal esophagus, 


as important facters. 
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Discussion 


RoBERT T. Soper, MD, Iowa City: Our experience at the Univer- 
sity of Iowa with gastroesophageal reflux in infants and children 
is very comparable to Dr Schatzlein's report. I will highlight a few 
points and ask a few questions. 

I think we are all impressed with the relationship between brain 
damage and malnutrition in children with severe gastroesophag- 
eal reflux in that it constitutes the most common sign and 
associated abnormality in this series. In view of the established 
relationship between nutrition and the laying down of white 
matter in the brain during the first year or two of life, I would like 
to ask Dr Grosfeld what contribution he believes the malnutrition 
caused by the reflux made to the brain damage suffered by these 
children. 

The paper gave us two predisposing congenital anomalies that 
are often forerunners of gastroesophageal reflux, ie, esophageal 
atresia and abdominal wall defects. To these I would like to add 
congenital diaphragmatic hernia, which has also an important 
association with subsequent gastroesophageal reflux. Dr Grosfeld, 
is this your experience as well? 

In diagnosing GER our radiologist uses a compression technique 
that I think has not been publicized very well. He fills the stomach 
with contrast material and then lays his lead-shielded thumb on 
the midpoint of the stomach. By moving the thumb proximally, he 
can accentuate and bring out GER, and by moving it distally he 
can pinpoint and diagnose the gastric outlet obstructions that 
sometimes precede and cause GER, and that themselves require 
correction. I would like to ask if this sort of compression technique 


- was used in the patients discussed in this presentation? 


In terms of the indieations for operation, most series would 
suggest three months of conservative nonsurgical treatment prior 
to fundoplication; about 85% of patients respond to these 
measures, leaving only about 1596 of all the children who require 
operation. I would like to ask what percentage of Dr Grosfeld's 
patients with GER do these 83 patients operated on represent, and 
does he believe a two-week in-hospital treatment trial program of 
nonsurgical treatment is adequate? 

In terms of the operative details, does Dr Grosfeld do a routine 
gastrostomy? We used to, but now that we have a better under- 
standing of the gas-bloat syndrome, which indeed is related to the 
size of the obdurator over which plieation is performed, we do not 
use gastrostomy routinely. 

We also test our valve intraoperatively to ascertain its effective- 
ness in preventing reflux by distending the stomach with air while 
compressing the pyloric channel. This gives us an immediate test 
as to the efficacy of the antireflux valve. 

HERNAN M. Reyes, MD, Chicago: Although our experience is 
limited, we have had similar results in the management of infants 
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and children with pathologie GER. My discussion will copter: on the 


use of pH monitoring of the lower esophagus as a diagnostic tool in 
the evaluation of these symptomatic patients. 

Two years ago, Dr J. Laurance Hill presented our initial 
experience with 24-hour pH monitoring of the distal esophagus in 
children. Scoring was patterned after that described by DeMees- 
ter for adults. In that article, we found abnormal refluxes that 
correlated well with the symptoms and endoscopic findings. We 
have continued to use this diagnostic tool in the patients we have 
subsequently examined and treated, and our experience confirms 
the following observations. 

(1) Patients with abnormal scores indicating a considerable 
number of prolonged refluxes, as shown by pH measurements of 
less than 4 in the lower esophagus, correlated well with the degree 
of esophagitis on endoscopy. 

(2) In these patients, the more important finding was the 
presence of multiple prolonged refluxes of longer than five 
minutes. In some patients, the onset of reflux as indicated by pH 
measurements precipitated coughing spells and asthma-like symp- 
toms. In others, it precipitated restlessness. Both of these symp- 
toms disappeared as soon as the pH returned to a reading of 5. 

(3) We are confident that pH monitoring can identify the 
infant or child with abnormal GER who risks development of a 
serious complication such as anemia, severe esophagitis, aspiration 
pneumonitis, malnutrition, or esophageal stricture developing. On 
the basis of pH monitoring, we believe that the presence of 
abnormal findings should warrant an antireflux operation imme- 
diately in symptomatic infants and children. As Dr Soper has said 
in his discussion, we do not routinely perform a gastrostomy. This 
is only performed in patients in whom esophageal stricture exists. 
This is used for retrograde dilations. We also routinely insert a 
Maloney dilator into the esophagus prior to fundoplication as an 
intraluminal splint to avoid a tight fundoplication with its compli- 
cations. 

Lucius D. HiL, III, MD, Seattle: Dr Dennis Christy of our 
group, a pediatrie gastroenterologist, has used the same array of 
tests that the authors have shown. It was noteworthy that the 
authors included pneumonia in 52% of their patients as an 
indieation for surgery. Dr Christy has been particularly interested 
in this. He has demonstrated that the technetium scan will show 
that these children not only reflux technetium into the esophagus 
but they very clearly reflux it up the esophagus into the trachea 
and into the lungs, confirming that these patients do aspirate 
frequently. 

Dr Christy has also worked with the group at the Children's 
Orthopedie Hospital in Seattle and has developed a technique to 
measure the sphincter pressure during operation. At the recent 
meeting of the Academy of Pediatric Surgery, he presented the 
first 15 patients in whom intraoperative measurement of the 
sphincter pressure was used. He believes that this gives physicians 
added data concerning what is being done in surgery. I would like 
to ask the authors if they have considered using this. 

I would also like to point out that the group in Santiago, Chile, is 
reporting a large series of infants and children in whom posterior 
gastropexy has been used, believing that the posterior gastropexy 
avoids a blind wrap-around and the gas-bloat syndrome. We have 
used posterior gastropexy in a small number of children, particu- 
larly those with stricture, and find that it holds up well over the 
years. 

I note that the authors had 7% recurrence of gastroesophageal 
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reflux. It would be interesting to see if the measurement of the 
sphincter pressure at the time of operation would help to eliminate 
this. 

CYRIL CesTELLO, MD, St Louis: I have been impressec in recent 
years since we have been doing gastric emptying studies on 
patients w:th peptic disease, including esophageal reflux esopha- 
gitis, that n a very high incidence, these people have hypertrophic 
pyloric stenosis or some type of stricture that we believe perhaps is 
etiological. I wonder if in his series of patients Dr Schatzlein could 
tell us about gastric emptying or whether any special studies have 
been done to perhaps correlate this coincidence. 

DR GROSFELD: I will try to answer some of the questions that 
were raised by our discussants. Most of the patients in this review 
were sick children. It is important to discern between the infant 
who occasienally vomits and the sick baby who fails to thrive. More 
than 75% ef these patients failed to thrive and 50% had chronic 
respiratory problems. Brain damage is a serious problem and, as 
Dr Soper alluded, many of these infants perhaps become brain 
damaged cue to early protein-calorie malnutrition. 

Animal studies have shown that the last trimester of pregnancy 
and the first nine months of extrauterine life are the key growth 
phases. It is during this period of time that an increased DNA 
turnover is observed reflecting new nuclei being formed. There- 
fore, it is a period of cellular hyperplasia. After about nine months 
of age, the DNA turnover decreases, indicating a cellular hyper- 
trophy phase and an increase in the size of the cells already 
present. While I cannot give exact data, I am sure that malnutri- 
tion does rlay a significant role in brain damage in infancy. 

Less then 20% of the overall group had surgical therapy. The 
normal ba»y with benign chalasia who is growing well doesn't 
need an operation. If you treat him conservatively, he will usually 
outgrow hs reflux. The baby who fails to thrive has a pernicious 
disease related to gastroesophageal reflux and must be identified 
and treated early, as Dr Reyes has mentioned. 

Most brain-damaged patients will not be helped by medical 
therapy. If these patients are sent to a nursing home, they 
invariably are readmitted with severe pneumonia, esophagitis, 
and strict ure. They should undergo early operation. Infants who 
fail home -herapy should have an intensive two-week in-hospital 
treatment program prior to operation. 

In regad to the questions raised concerning gasirie outlet 
obstruction, it is well known that 15% or 20% of all babies with 
pylorie stenosis have great reflux that usually disappears after 
pyloromyotomy. Only one of our patients (a 14-month-eld infant) 
had a precious history of pyloric stenosis. Although the gastric 
outlet is evaluated quite carefully during preoperative contrast 
studies, three postoperative patients had gastrie outlet problems. 
All responded to bethanechol chloride therapy. 

We have not used intraoperative testing by either manometrics 
or by air nsufflation. They seem useful, and perhaps we should 
use these techniques. Regarding the use of gastrostomy, this 
procedure is performed in most brain-damaged patients, usually 
for feeding purposes. 

Reflux siould be suspected in patients with esophageal atresia 
who have e resistant stricture. The stricture will not impreve when 
continuoudy bathed with gastric acid. Resistant strictures usually 
respond te dilation after an antireflux procedure. The gastric 
scintiscan is carried out after four and 24 hours to observe for both 
reflux and tracheobronchial aspiration. 
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Evaluation of Intragastric pH in 


Acutely Ill Patients 


Virginia Herrmann, MD, Donald L. Kaminski, MD 


e The effect of various modalities on maintaining a high 
intragastric pH in acutely ill patients was evaluated. Twelve 
patients with one or more organ system failures had the effect of 
nasogastric suction, intragastric antacid instillation, and intrave- 
nous cimetidine adm nistration on intragastric pH determined by 
an indwelling, intragastric pH probe. Each therapeutic modality 
was administered for 12 hours and the order of performance 
randomized. Nasogastric suction was associated with a constant 
intragastric pH of < 2.0. Mean intragastric pH with cimetidine 
administration was significantly higher than with antacid admin- 
istration and consistently > 5.0. If low intragastric pH represents 
susceptibility to acu mucosal lesions, cimetidine therapy was 
more effective ‘han antacids in the doses and frequency of 
administration used im this study in maintaining a high intragas- 
tric pH, and it may be effective in preventing stress ulcer 
formation. 

(Arch Surg 113:511-514, 1979) 


ee pln erosions vith bleeding, commonly referred to as 
stress uceration, in acutely il or traumatized 
patients, continue: to be associated with significant 
mortality.’ A though the etiology of these ulcers is directly 
related to high con:entration of hydrogen ion in the fluid 
in eontact with the mucosal cells, ischemia of the gastric 
mucosa has also be»n shown to be an important factor." 

Antacids have been used previously for the maintenance 
of a high intragastric pH and the prevention of stress 
ulceration in acutely ill patients.''^ The treatment of 
duodenal ulceration has been recently enhanced* by the 
discovery of histamine H, receptor antagonist by Black 
and his associates’ in 1972. Histamine H, receptor antago- 
nists have been shcwn to competitively inhibit histamine- 
stimulated hydrogen ion secretion* as well as basal-, meal-, 
pentagastrin-, and insulin-stimulated gastric acid secre- 
tion.” 

This study evaluates intragastric pH in acutely ill 
patients and the various treatment modalities currently 
used to prevent stress-induced gastric mucosal lesions. 
Specifically, antacid therapy was compared with intrave- 
nous (IV) eimesidire therapy in its effectiveness in achiev- 
ing and maintaining high intragastric pH. 


PATIENTS AND METHODS 


Twelve conseaitive patients admitted with one or more organ 
system failures to the surgical intensive care unit at St Louis 
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University Hospitals participated in this study. When patients 
were conscious, the tests to be done were described and agreed on. 


. When the patient's consent was unobtainable, informed consent 


was obtained from the nearest relative. There were eight men and 
four women, who ranged in age from 23 to 74 years. All had more 
than one acute organ system failure associated with multiple 
trauma or sepsis (Table). All 12 had severe respiratory insufficien- 
cy or adult respiratory distress syndrome, which required mechan- 
ical ventilatory support. All cases of sepsis were confirmed with 
positive blood cultures. A majority of the patients with renal 
failure underwent hemodialysis. All 12 patients were studied in 
the immediate postraumatic or postoperative period, and only one 
patient had a history of peptic ulcer disease. Three patients had a 
notable hypotensive episode prior to the study. 

All patients were evaluated by placing an intraluminal glass pH 
electrode into the fundus of the stomach. In addition, all were 
intubated with a nasogastric tube, and the position of both the pH 
probe and nasogastric tube was confirmed by radiologic examina- 
tion. An appropriate reference electrode was placed on the 
patient’s forearm. The pH probe was calibrated with standard 
buffers with a pH of 4.0, 7.0, and 10.0 and was connected to a pH 
meter and recorder. A continuous record of intragastric pH was 
obtained for 36 hours. Points at ten-minute intervals from each 
patient were then selected by a chart plotter and were fed into a 
computer with a data Berea bank for determination of mean 
+ SEM pH. 

Three different modalities were evaluated in each of the 
patients. Each treatment modality was monitored for a 12-hour 
period, and the order of treatments randomized. The control group 
was managed with continuous nasogastric suction, with irrigation 
of the nasogastric tube with 30 mL of 0.15M NaCl solution every 
two hours. In the second group, the nasogastric tube was placed on 
continuous suction and 30 mL of an appropriate antacid prepara- 
tion (Maalox, Amphojel) was instilled every two hours, and the 
tube was then clamped for 30 minutes. Patients in the third 
treatment modality received 300 mg of cimetidine intravenously 
every six hours with irrigation of the nasogastric tube with 30 mL 
of saline solution every two hours and the tube was subsequently 
placed on continuous suction. The dosage interval of cimetidine 
was adjusted according to the patient’s serum creatinine level. 

Significance of the difference between mean values was deter- 
mined by the Student's t test for unpaired values. As used in the 
text, "significant" indicates P < .05. 


RESULTS 


The mean pH in the control group with continuous 
nasogastric suction was 1.62 + 0.02 (Fig 1), and in all 
patients, the pH was consistently below 2.0. Patients who 
received antacid therapy had a mean intragastric pH of 
4.8 + 0.04, and in no patient was the intragastric pH 
maintained at a level greater than 5.0 (Fig 2). Intravenous 
cimetidine therapy produced a mean peak increase in 
intragastric pH, two hours after administration, of 
6.8 + 0.06 with a mean pH for 12 hours of 5.89 + 0.06 (Fig 
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3), which was significantly higher than that produced by 
antacid therapy or nasogastric suction. 

Figure 4 compares the mean pH of all three treatment 
groups. Only when cimetidine was administered was the 
intragastric pH maintained at a level greater than 5.5. 

Although the methodology used produces a readily 
appreciated value (pH) that can be applied to standard 
statistical methods, some investigators have questioned 
whether pH values can be used in standard arithmetic 
manipulations." Lennard-Jones and Babouris' have 
described three methods of directly manipulating pH 
values to afford statistical comparison. 

As pH represents the logarithmic scale of hydrogen ion 
activity, standard arithmetic manipulation may not be 
appropriate. A mean value can be obtained by dividing the 
sum of a number of pH values by the number of samples 
(Fig 4) that can be conveniently applied to statistical 
analysis; however, it does not represent mean acidity 
because it does not consider the logarithmic nature of the 
pH scale.” 

Moore” has produced a convenient method of converting 
pH values for statistical manipulation to hydrogen ion 
concentration ([H+]) that can then be converted back to 
“mean pH” values. 


Clinical Profile of Patients Undergoing 
Continuous Monitoring of Intragastric pH 


Patient 
Clinical 


Condition 10: 711.12 


Respiratory 


Failure Nue GRO Fo oc-L GB £4 t£. o 


CNS injury, 
failure 


Cardiovascu- 
lar failure 


Hepatic fail- 
ure 


CONTROL GROUP 


CONTINUOUS NG SUCTION IRRIGATION WITH NS EVERY 2 HOURS 


INTRAGASTRIC pH 





HOURS 


Fig 1.—Effect of nasogastric (NG) suction on intragastric pH. In 
this and in Fig 2 and 3, each point represents the mean +SEM of 
12 values obtained from continuous pH monitoring in 12 patients 
with one or more organ system failures. NS indicates normal 
saline solution. | 
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When converted to [H`], the mean value with nasogastric 
suction is 29.8 mEq/L whereas the [H-] with antacid 
instillation is approximately 15.8 »Eq/L and with cimetid- 
ine therapy it is approximately 1.2 uEq/L. We are uncer- 
tain as to the appropriateness of the application of these 
techniques in lieu of the high probability that the bare 
intraluminal glass electrode measures mucosal pH rather 
than fluid pH." 

Only one patient in this series had evidence of gastroin- 
testinal bleeding and that occurred when cimetidine ther- 
apy was discontinued and resolved on reinstitution of 
therapy with the drug. 


COMMENT 


Three practical methods of estimating gastric acid secre- 
tion in acutely ill patients currently exist. Gastric acid can 
be aspirated from the stomach either continuously over 
varying periods of time for quantitative analysis by elec- 
trochemical titration" or intermittently by determination 
of the pH colorimetrically or electrochemically in small, 
frequently aspirated samples.''^ Although not applied 
frequently, the "pH stat" method described by Fordtran 
and Wakh" would seem to be highly applicable. Finally, 
use of an indwelling stomach pH probe can be used to 
measure indirectly hydrogen ion secretion. The value of 
pH determination in monitoring therapy in various gastric 
diseases has recently been reviewed." 

Several technical problems exist with the use of the 
intragastric pH electrode. Of obvious concern is the differ- 
ence between the measurement of pH or hydrogen ion 
content in gastric secretion with aspiration techniques or 
the pH stat method in comparison with the mucosal pH 
measured with a bare intragastric electrode. By placing a 
guard or shield on the bare electrode, it can be converted 
into an instrument to méasure gastric fluid pH rather than 
mucosal pH'*:""; however, some investigators believe that a 
shield interferes with the accuracy of the measurement. 

Statistieal manipulation of gross pH values is also a 
significant technical problem. However, as pointed out by 
others, if comparisons are between similar sites and gastric 
function is related to a logarithmic function of hydrogen 


ANTACID GROUP 


ANTACID 30mLEVERY 2 HRS. 


INTRAGASTRIC pH 





HOURS 


Fig 2.—Effect on intragastric pH of 30 mL of antacid solution 
administered into the stomach every two hours. 
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Fig 3.—Effect of cimetidine on intragastric pH. 


ion concentraticn, evaluation of mean + SEM pH may be 
the most satisfactory expression available.” Also, electrode 
placement in the stomach is inconstant and the pH in the 
antrum may difer from the pH in the fundus.: | 

Irrespective ef the technieal problems of measuring 
intragastric pH the results of this study suggest that a 
higher pH is maintained in the stomach by inhibition of 
gastric hydrogen iom secretion by cimetidine administra- 
tion than by neutralization of hydrogen ion with antacids 
or by removal of hydrogen ion through nasogastric aspira- 
tion. If stress uxer formation and gastritis are hydrogen 
ion dependen- then cimetidine may be beneficial in 
preventing stress uleer formation. 

As decreased mucosal blood flow is also a factor in 
stress-induced acute mucosal lesions, recent studies 
demonstrating that cimetidine prevented the reduction in 


. gastric mueoszl blood flow during shock suggest a second 


factor that may be important in the prevention of stress- 
induced acute mucosal lesions by cimetidine.’ 

While eimetid ne may be important in the prevention of 
bleeding mucosal lesions in acutely ill patients, little 
informatiom exists with regard to possible adverse side 
effects of the drug. Of particular importance in acutely ill 
patients is the importance of H, receptors in the immune 
and bacteriologi* defense systems?" and possible adverse 
effects of cimetidine on neutrophil populations." Also, the 
effects of E, receptor antagonists on renal function need 
to be further considered.” 

Cimetidine was significantly more efficient in maintain- 
ing high imtragastric pH levels than was antacid therapy in 
the doses used inthis study (Fig 4). The simple, therapeutic 
maneuver of instillation of antacids into the stomach 
through a nasogastric tube was, however, considerably 
more effective than nasogastric suction alone. Presently, 
in our institution, drug costs for cimetidine therapy are 
twice as great per 24 hours as antacid therapy. Cimetidine 
therapy requires less nursing personnel time and has the 
advantage of allowing for uninterrupted nasogastric 
decompression ir ill patients. In lieu of the higher pH in 
the stomach wita cimetidine therapy than with antacid 
therapy, the deta presented here suggest it may be the 
method of choice in maintaining a high intragastric pH in 
acutely ill patien-s. 
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Fig 4.—Composite representation of mean intragastric pH 
produced by three modalities evaluated. 


In randomized, controlled trials, antacid therapy with 
administration of neutralizing agents to maintain the pH 
of gastric contents at a level greater than 7.0 in burn 
patients‘ and greater than 3.5 in critically ill patients? was 
found to be more effective than nasogastrie suction in 
preventing acute gastroduodenal ulceration and bleeding. 
In one study, 25% of the patients treated with antacid 


therapy had complieations associated with the therapy. 


Two prospective trials that compared cimetidine therapy 
with antacid therapy in preventing stress ulcer bleeding in 
renal transplant patients? and patients with hepatic fail- 
ure” concluded that inhibition of hydrogen ion secretion by 
cimetidine was more effective than neutralization by 
antacids. The controlled data thus far available suggest 
that antacid therapy is better than nasogastric suction in 
controlling stress ulcer bleeding in acutely ill patients 
whereas cimetidine may be more effective than antacid 
therapy. 


Nonproprietary Names and Trademarks of Drugs 


Cimetidine— Tagamet. 
Pentagastrin—Peptavlon. 
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Discussion 


FLETCHER A. MILLER, MD, St Paul: I think that surgeons have 
been using intraluminal pH probes quite extensively in the past, 
as evidenced by some of the discussions already presented, in the 
esophagus as a means of evaluating reflux. However, they have 
been a little more reluctant to use it in the gastric environment to 
evaluate gastric function, so I think that the authors are to be 
strongly congratulated in bringing this to us as a possible tool of 
the future in more extensive evaluation of gastric pathology. 

My own evaluation would lead me to agree wholeheartedly that 
the use of the conventional antacids other than the histamine 
blockers could be predicted as was shown here with the pH probe 
as not effective for use over an extensive period of time. However, 
my use of cimetidine has been a little more empirical. I see the 
bleeding patient postoperatively. I give them cimetidine and see if 
it will stop. 

. I have had one instance, of course, with the patient with severe 
gastritis in whom it didn't stop with the use of cimetidine. 

I would like, therefore, to ask the authors the following four 
questions that were not alluded to in either the diseussion or the 
article: (1) Will variations in the described dosage schedule be 
necessary to control the gastric pH in some instances? In other 
words, I conventionally use 300 mg, every six hours. Maybe I need 
to increase the time interval or increase the dosage as shown by 
your pH probe. (2) Is the prophylactic use of the drug better than 
its use on a PRN basis after the hemorrhage is already started? (3) 
Are there instances in which the patients are resistant to the use 
of cimetidine as a pH-raising modality? (4) Will the control of pH 
always eontrol or prevent hemorrhagic gastritis in a seriously ill 
patient? 

CHARLES E. Lucas, MD, Detroit: In terms of trying to maintain 
antacid control of the stomach, Dr Skillman has advocated that 
large doses of antacid be maintained in the stomach for a long 
period of time. You kept the antacids in the stomach for 30 
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minutes. I wonder if that degree of alkalinization of the antrum is 
associate 1 with increased gastrin release. My own personel bias is 
to use approximately 30 mL of an antacid preparation (Maalox) 
when the pH is low and to leave that antacid in there ^or about 30 
seconds end not alkalinize the antrum for a prolonged period of 
time. i 

In the patients with renal failure, were you able -zo show 
increasec gastrin levels since the kidneys are one of the sites for 
gastrin metabolism? Also, did you show that there was a relation- 
ship between TPN and acid secretion? Finally, what are your 
objectives in terms of pH management? Certainly, mosz people 
believe tħat ulcers are related to acid peptic digestion and pepsin 
exerts its greatest activity at the pH of 2 to 4. Would iz not be 
adequate to keep the pH at 4 to 5 rather than trying tc keep it at 7 
or greater? _ 

DR Kaminski: This study was done in a very practical sense to 
answer = specific question in treating with various mechanisms 
acutely il patients to alter their intragastric pH. What was the 
method that was most efficient? | 

In hav ng previous experience with pH probes, we decided that 
the pH probe was an adequate method to study this prob em. The 
data that we presented indicate that we can most eTiciently 
control pH by the use of IV cimetidine. There are many problems 
associated with its empirical use. As Dr Herrmann points out, we 
don't understand many of the other H, receptor mechanisms that 
we are affecting when we administer cimetidine. Also, antacid 
therapy, more frequently or in larger amounts, may be equally 
efficient. 

. Cost ic an important component of the problem. In our present 
environment, it costs us twice as much to use cimetidine zs it does 
to treat a patient with antacid therapy. Dr Lucas’ questions as to 
how effiaent does the substance need to be and to what rH do we 
need to raise the intragastric contents before we can prevent 
uleers are very pertinent. 

In relation to Dr Miller's question, the use of 300 mg of 
cimetidiae every six hours seemed to us to produce no failure of 
the drug at the end of the six-hour period. We did not evaluate 
longer irtervals of time, and it is possible that in some individuals 
the pH eould be maintained with drug administration ‘ess than 
every si hours. We found no patient who was resistant to 
cimetidine administration nor did we find any patient who was 
resistan- to antacid administration. 

The onset of hemorrhage in a patient who has an intragastric 
pH probe in their stomach immediately eliminates the possibility 
of accucate measurement of gastric hydrogen ion secretion 
because the pH of the blood will buffer the intragastric pH 
significantly and make it much more basic. We have no experience 
in the tse of the intragastric pH probe presently to measure 
intragastric pH in patients who were bleeding. The reason again 
that we do not is because the blood in the stomach alters the 
accuracy of the pH probe, complicating the evaluation of thera- 
py. 

In answer to Dr Lucas’ question, we did not measur2 gastrin 
levels im this study. I would assume it would be difficult to 
demonstrate significant alterations in serum gastrin levels asso- 
ciated with antacid administration into the stomach. 

In summary, we tried to evaluate the best form of therapy in 
controllmg intragastric pH. Is it better to suck it out, to neutralize 
it, or to inhibit its secretion? Sucking it out certainly is inefficient. 
Neutralzation produces data that are significantly lower with 
regards to mean pH values than does inhibition with e metidine 
therapy But I am not certain that at the present time, because of 
relative-costs and possible complications, which we are unaware of 
with regard to side effects of cimetidine, antacid therapy is not an 
equally good form of therapy in controlling intragast-ic pH in 
acutely ill patients. 
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Reassessment of Simple Cholecystostomy 


Ernest E. Moore, MD; Glenn L. Kelly, MD; Tim Driver, MD; Ben Eiseman, MD 


è Cholecystcs:omy was performed on 22 patients with acute 
cholecystitis after partial (13) or complete (9) removal of gall- 
bladder stones. One patient hac complementary common-duct 
drainage. Early mortality occurred in two patients. Three patients 
with associated cholangitis but intraoperative reflux of cystic- 
duct bile were alHreated by cholecystostomy alone and survived. 
For the poor-risk patient with cholecystitis, cholecystostomy is 
effective. When there is associated cholangitis and documented 
cystic-duct pateacy, cholecystostomy is also sufficient. When 
accompanying cnolangitis is associated with cystic-duct occlu- 
sion, choledochetomy and T tube drainage should be added. 

(Arch Surg 114:515-518, 1979) 


holecystostemy is an accepted compromise procedure 
for the peor-risk patient with acute calculous chole- 
cystitis who fails to respond to nonoperative manage- 
ment.’ *® Peti-, in 1784, aspirated the inflamed gallbladder 
adherent to the abdominal wall," but Bobbs performed the 
first, as “ar as we know, actual cholecystostomy in 1867.'* 
The technique is now well standardized.'? There is contro- 
versy, however, as to just how much surgery should be done 
under such 2mergeney conditions, particularly in the 
presence ef associated cholangitis. The following options 
are available amd variously advocated: (1) cholecystostomy 
alone; (2) eholecystostomy plus removal of easily accessible 
stones ir the gallbladder; (3) cholecystostomy plus compul- 
sive removal of all stones in the gallbladder; (4) operative 
determination of cystic-duct patency and presence of 
common-duet stones; (5) cholecystostomy plus T tube 
drainage of the common duct; (6) cholecystostomy plus 
common-cuct exploration with removal of accessible stones 
and T tube drainage. No one surgeon commonly performs 
many cholecystostomies. When he does, his dilemma is 
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whether to perform the quickest, least traumatic procedure 
on a critically ill patient or to embark on a more complex, 
time-consuming procedure that guarantees a completely 
clear avenue between the liver and duodenum (Table 1). 

The purpose of this study is to review the clinical 
experience with cholecystostomy at four Denver hospitals 
in an attempt to define a rational approach to this clinical 
dilemma especially in conjunetion with current antibiotic 
therapy and improved ability to manage sepsis. 


SUBJECTS AND METHODS 
Clinical Experience 


Twenty-two patients underwent cholecystostomy for acute 
caleulous cholecystitis from January 1971 to December 1977 at 
Denver General Hospital, General Rose Memorial Hospital, 
Swedish Medical Center, and Porter Memorial Hospital, Denver. 
The 13 women and nine men ranged in age from 34 to 94 years; 19 
(86%) of these patients were older than 65 years of age. 

All the patients’ conditions were suggestive of acute cholecysti- 
tis, four were thought to have associated cholangitis, and two of 
these had overt sepsis at the time of operation. The majority of 
these patients received ampicillin sodium or cephalothin sodium 
and an aminoglycoside preoperatively. 


Operative Findings 


At operation, all patients had acute cholecystitis with associated 
cholelithiasis. Eight (86%) had additional common-duct calculi 
demonstrated by intraoperative or postoperative cholangiogra- 
phy. Of these, four (18%) had clinical and operative evidence of 
cholangitis. 

Six patients (27%) had purulent bile in the gallbladder. Of these, 
two had stones only in the gallbladder and four had additional 
common-duct stones with suppurative cholangitis. Four patients 
had free, intraoperative reflux of bile through the cystic duct. All 
of this group had common-duct as well as gallbladder stones. 

Additional findings included acute pancreatitis in two patients, 
one of whom had common-duct stones, and adenocarcinoma of the 
gallbladder in two other patients (Fig 1). 


Operative Procedure 


All 22 patients had cholecystostomy, one with local anesthesia 
and the remaining 21 with general anesthesia. In those 21 patients 


Table 1.—Surgical Procedures Available for the Poor-Risk Patient With Acute Calculous Cholecystitis 


Procedures Advantages Disadvantages 


Simplest technically, least traumatic, may be done with 
local anesthesia 


Cholecystostomy 





Cholecystostomy with stone 
removal 


Cholecystog-a»5hy 


T tube 


ration of cystic-duct patency 


mon-duct status 


T tube with stcne removal 
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Better chance of gallbladder decompression and resto- 
Optimal assessment of cystic-duct patency and com- 


Adequate common-duct decompression 


Optimal common-duct decompression, definitive pro- 
cedure 


May not decompress gallbladder or common duct, 
not definitive procedure, residual calculi may ob- 
struct cystic duct or enter common duct 


May perforate gallbladder 





Time-consuming, may not demonstrate common 
duct 


Requires general or spinal anesthesia and further 
dissection in inflamed tissue 


Time-consuming, may injure common duct or adja- 
cent structures 
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ndergoing cholecystostomy alone, 
bladder stones and 13 had incomplete removal. One of the latter 
group had an intraoperative cholecystogram that confirmed 
cystic-duct patency. The remaining patient with cholangitis had 
complementary common-duct exploration, incomplete removal of 
choledocholiths, and placement of a T tube in addition to cholecys- 


tostomy and complete removal of stones from the gallbladder. 


Mortality 


Two patients (9%) died within 30 days of surgery. A 94-vear-old 
woman died of sepsis during cholecystostomy, and a 90-vear-old 
man died of extensive metastatic gallbladder carcinoma on the 
sixth postoperative day. The only other death came at eight weeks 
after surgery in a 77-year-old woman with metastatic gallbladder 
carcinoma. No patient died of sepsis in the postoperative period. 


RESULTS 


In the group of eight patients having cholecystostomy 
alone with complete removal of gallstones, there was no 
mortality. None of these patients required urgent reopera- 
tion although one had associated common-duct stones. The 
patient undergoing complementary common-duct explora- 
tion also recovered uneventfully. 

Thirteen patients underwent simple cholecystostomy 
with removal only of easily accessible stones in the gall- 
bladder. As previously mentioned, one died of intraopera- 
tive sepsis and another postoperatively of metastatic carci- 
noma. Of the remaining 11 patients, none had persistent 
sepsis or required a second urgent operation despite resid- 
ual stones in the gallbladder. Six of these patients also had 
known, associated common-duct stones, but these had no 
adverse effect on convalescence once the gallbladder was 
decompressed. Thus, the technique of gallbladder drainage 
alone was adequate in all 11 patients. 

The four patients with suppurative cholangitis survived 
without the need for early reoperation; three of these 
patients were managed with cholecystostomy alone and 
the fourth underwent additional common-duct T tube 
drainage. 

Complete long-term follow-up was not available in this 
series. One to three weeks after their original surgery, 15 
patients underwent cholecystography with cystic-duct 
patency being confirmed in 12 instances. Five patients 
subsequently are known to have undergone elective chole- 
cystectomy two to six months after cholecystostomy, and 
three of these required simultaneous common-duct explo- 
ration. 


COMMENT 


Cholecystostomy is an accepted, temporary, lifesaving, 
compromise procedure for the patient who is unrespensive 
to intensive medical therapy. Questions for the surgeon 
at the time of operation include: Is it necessary to remove 
all stones from the gallbladder? Is it necessary to remove 
accompanying common-duct stones? What should be done 
if cholangitis accompanies acute cholecystitis? 


Gallbladder Stones 


Gingrich et al* obtained postoperative cholangiograms in 
61 survivors of emergency cholecystostomy. He found that 
54% had retained stones in either the gallbladder (8%), 
cystic duet (138%), or common duct (33%). None of these 
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eight had removal of all gall- 


Acute Calculous Cholecystitis 


8 COMMON DUCT STONES 


14 NO COMMON DUCT STONES 


2 empyema of gallbladder 4 cholangitis 


1 acute pancreatitis 1 acute pancreatitis 


1 carcinoma gallbladder l carcinoma gallbladder 





Fig 1.—Disease processes associated with acute calculous chole- 
cystitis in the poor-risk patient. 


patients required early reoperation for biliary sepsis. In 
the present series, 13 patients (59%) underwent cholecys- 
tostomy with incomplete removal of stones from the 
gallbladder but none had continued sepsis or increased 
morbidity. Such previous data as well as our own strongly 
suggest that there was no compulsive need for removal of 
all gallbladder stones. 


Common-Duct Stones 


The surgeon who plans a quick, simple cholecystostomy 
as a temporary, lifesaving procedure dreads becoming 
embroiled in palpating, dissecting, exploring, cleansing, 
and draining an inflamed, pus-filled, dilated, edematous 
common duct that is packed with stones. It defies the basic 
strategy of simple cholecystostomy. 

There seems little argument that this frustrating exer- 
cise is unnecessary merely because common-duct stones 
are present. Bülow et al' described 92 patients with 
suppurative cholecystitis, 20 of whom were treated by 
cholecystostomy alone. None of the four deaths after 
cholecystostomy were related to retained common-duct 
stones. Four of the 16 survivors were eventually shown to 
have associated common-duct stones but did not necessi- 
tate early reoperation. In the series by Gingrich et a ,? one 
third of :he patients with cholecystostomy who survived 
had residual common-duct caleuli but tolerated ther well 
during the recovery period. In our present series, all seven 
patients (3396) with subsequently documented common- 
duct stones were afforded lifesaving relief by cholecystos- 
tomy alone without having to embark on the unsavory 
course of trying to retrieve residual common-duct calculi. 


Cholangitis Accompanying Cholecystitis 


The prognosis is bad with whatever treatment when 
suppurative cholangitis complicates acute cholecystitis in 
the elderly. Nonoperative management is uniformly fatal. 
Hinchey and Couper" had six deaths (27%) among their 22 
patients managed surgically. Dow and Lindenauer^ 
reported a 50% operative mortality in their eight patients, 
and Ostermiller et al“ noted an 87% operative mortality in 
eight patients. 

Glenn’ lost five of ten patients (50%) when he employed 
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T tube common-duet drainage plus diolesi Gagie j 


and Frey had deaths in all three of their reported cases 
treated by cholecystostomy alone, and Gingrich et al lost 
six of ten (60%) so managed (Table 2). 

In the present series, we had four patients (18%) with 
suppurative ebolangitis and common-duct stones. They 
averaged 53 years of age and all had acute fever, chills, and 
jaundice. All had purulent bile at operation and distal 
commen-duct stones by postoperative cholecystography. 
Three patien:s were treated with cholecystostomy alone 
and incomplete removal of stones in the gallbladder. The 
fourth patien: umderwent cholecystostomy and had 
complementary common-duct exploration with incomplete 
removal of stenes and T tube drainage. All of these 
patients survived and required no early reoperation. Of 
great importance at the time of laparotomy was the 
observation that the three patients undergoing cholecys- 
tostonry alone each had free reflux of bile from the cystic 
duct. 

For suppurative cholecystitis alone, tube cholecystosto- 
my prcvides rapid, total drainage of the local inflammatory 
process. Once suppuration and the threat of biliary leakage 
are controlled, then decision for or against interval chole- 
cystectomy ean be weighed. 

The rea! problem occurs with concomitant suppurative 
cholanzitis. It has been suggested previously that opera- 
tive demonstration of cystic-duct patency is mandatory if 
choleeystostomr is to guarantee adequate common-duct 
decomoression. Duct patency can be assured by operative 
cholecystography or visible reflux of common-duct bile. 











Table 2.—Results of Cholecystostomy 


Cholecystostomy Cholecystostomy Drainage for 
for Acute for Cholecystitis Cholecystitis and 
Source, yr Cholecystitis Mortality, % and Cholangitis Mortality, % Cholangitis Mortality, % 
Gingrich et aL* 1952- 

1957 80 16 10 60 0 
Gagiz and Frey“ 

1956-: 971 19 16 100 0 
Bulow et al,’ 7954- 

1974 20 20 0 0 id 
Glenn,” 1932-1975 243 8 0 10 50 
Denver, current series 

1991-1977 
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the gallbladder can be relied on to permit an oecluding 
cystic-duct stone to fall away when inflammation subsides 
and that cystic-duct patency is not essential. Clinieal 
success in this setting would then depend on the regularity, 
rate, and degree of cystic-duct recanalization. 

Bülow et al' noted intraoperative reflux of clear bile 
from the cystic duct in only two of 20 patients with 
cholecystostomy, but postoperatively confirmed cystic-duct 
patency in 16 of 17 cholecystograms. Our experience 
reflects that of Bülow and associates. At operation, only 
five patients had bile reflux or roentgenographic patency 
of the cystic duct, yet one to three weeks later, 12 of 15 
patients had patent cystic ducts as evidenced by cholecys- 
tography. Combining our own data with that of Bulow et 
al, 28 of 32 (87.5%) cystic ducts are shown to have eventual- 
ly recanalized after cholecystostomy. However, serial 
cholecystograms were not available to determine how 
rapidly this phenomenon occurs. Similarly, postoperative 
cholecystostomy bile drainage rates have not been record- 
ed to document the adequacy of common-duct decompres- 
sion via this technique. 

Contrary to our advice, the majority of surgical opinions 
favor the addition of T tube drainage of the common duct 
to cholecystostomy when suppurative cholangitis compli- 
cates acute cholecystitis even in the poor-risk patient. 
Hinchey and Couper, Gagic and Frey; and Dunphy" all 
advocate this approach. Only reluctant endorsement’ has 
been expressed for cholecystostomy alone even when there 
is documented cystic-duct patency. Our own experience 





Cholecystostomy and 
Common-Bile-Duct 



















Clear bile—» remove available stones in 
G.B., tube cholecystostom 


Acute calculous 
Cholecystitis, aspirate 
poor risk patient P jallbladder 


cystic duct 


tube 
patent —* cholecystostom 


purulent bile—»[ remove all stones in 
G.B., cholecystograph 





obstructed cholecystostomy, 
cystic duct > T-tube in C.B.D. 


Fig Z —Approaczh te the poor-risk patient with acute calculous cholecystitis. GB indicates gallbladder; CBD, common bile duct. 
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with three such patients suggests that under these condi- 
tions there is more to be gained than lost by a simple, quick 
cholecystostomy. | 

Based on the data presented herein, for the occasional 
desperately ill patient with proved gallstones who is failing 
despite all nonoperative therapy, we recommend the 
following approach (Fig 2). Exposure of the gallbladder is 
performed under local or light general anesthesia through 
a limited subcostal incision. After the presence of gall- 
stones and acute cholecystitis are confirmed, the gallblad- 
der contents should be aspirated through a trochar placed 
through the fundus. Easily accessible gallbladder stones 
are removed and tube cholecystostomy is completed. A 
biopsy should be done of accessible tissue suggestive of 
malignancy. 

If aecompanying cholangitis is clinically suggested, 
evidence of cystic-duct patency should be sought by visual- 
izing reflux of common-duct bile or tube cholecystography. 
If patency is confirmed, cholecystostomy is adequate. 

If the cystie duct is obstructed, there is debatable but 
probably sufficient reason to add T tube drainage for the 
common duct in addition to cholecystostomy. Insertion of 
the largest possible T tube may allow later fluoroscopic 
catheter removal of retained common-duct stones. 
Although there is room for argument whether choledochot- 
omy and T tube drainage should be added, it certainly has 
historical advocates. 


Nonproprietary Names and Trademarks of Drugs 


Ampicillin sodium—Alpen-N, Amcill-S, Omnipen-N, Penbritin-S, 
Polycillin-N, Principen/N. 
Cephalothin sodium—Keflin. 
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Discussion 


ALLEN M. BoypDeEN, MD, Portland, Ore: Unfortunately, cholecys- 
tostomy has come to be maligned by many surgeons, end its 
performance is often regarded as an admission of defeat or of 
surgical inadequacy. Residents who are not aware of the indica- 
tions for drainage of the gallbladder come to believe that it is 
unmanly to resort to it. I would urge all of you to be certain that 
every resident reads this article. 

A number of years ago, Dr Gingrich, one of our residents at the 
University of Oregon, reviewed our ten-year experience with 
cholecystostomy. He found that when done as a backout after 
exploration through a big incision and cholecystectomy or choledo- 
chostomy seemed unwise, an unacceptably high mettality 
resulted. 

On the other hand, when cholecystostomy was done as a planned 
procedure, often under local anesthesia through a small subcostal 
incision, the mortality was greatly reduced. Reasonable efforts 
should be made to remove the obstructing stone that bloeks the 
cystic duct. When this can be accomplished, as Dr Mocre has 
emphasized, many of these aged patients will not require “urther 
surgery. I would urge the use of a large tube to permit the removal 
of small stones left behind. 

I am concerned at the suggestion that true septic cholangitis ean 
be treated adequately by cholecystostomy. This condition is usual- 
ly quite typieal preoperatively, the differential diagnosis from 
acute cholecystitis being possible in most instances. I believe that 
most of us would proceed to common-duct drainage in such cases. 
The cystic duet will seldom provide adequate drainage. In our 
study, cholecystostomy under these conditions carried a 60% 
mortality. 

I would like to ask Dr Moore to elaborate on the incidence of 
planned eholecystostomy in his series. Did a lowered mortality 
result in such cases? 

PAUL H. JoRDaN, JR, MD, Houston: I would like to ask the 
authors a question because it seems to me there is possibly one 
other option that wasn't discussed. In the management of these 
elderly, desperately ill patients with septic cholangitis, an option 
with which I have absolutely no experience but with which I have 
been impressed by the results of Mr Peter Cotton in England is the 
use of the papillotomy with the endoscope. Do a sphincterotomy 
and let the common duct drain; get the patient in a little better 
condition before you operate to perform a definitive procedure. I 
would like to ask the authors if they have considered this, and what 
they think about it. 

DAvip SrMoNowITZ, MD, Seattle: How many patients recuired a 
second operation? What was the mortality and the morb dity of 
the second operation? 

Dr Moore: In answer to Dr Boyden's question, approx.mately 
two thirds of these patients underwent a planned cholecystostomy. 
Unfortunately, a considerable number of these procedures were 
performed under general anesthesia and with the use cf extensive 
incisions. The message from Dr Boyden and his associates in their 
report in 1968 deserves further emphasis. To derive beneit from 
this compromise procedure, it should be planned in advance and 
performed under local anesthesia, with a limited ineision. If a 
more extensive dissection is warranted, for the reasons outlined in 
the presentation, then general anesthesia can be indueed and the 
incision enlarged. 

In response to Dr Jordan's comment, we have had no experience 
with the popular European technique of endoscopic papi lotomy. 
The technique sounds attractive, but I can offer no further 
discussion. 

Dr Simonowitz, we have a limited follow-up of only six months 
in the majority of these patients. During this time per od, five 
underwent elective cholecystectomy, and three of these »atients 
required common-duct exploration. There was no operative 
mortality. 
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biliary Decompression in 


Hilar Obstruction 


Round Ligament Approach 


Stephen E. Dudley, MD; Anthony J. Edis, MD; Martin A. Adson, MD 


è In some patients with biliary obstruction, access to the 
hepatic hilus is hindered by extensive tumor or by dense 
vascular scar tissue. In such patients, the biliary tract may be 
decompressed via the left hepatic duct away from the affected 
hilus. Access to the left hepatic duct in the left intersegmental 
plane is gained by divicing the round ligament, freeing it from the 
undersurface of the liver, and following it to its junction with the 
left portal vein. The left hepatic cuct, which lies superior to the 
vein, is exposed 5y dividing the liver overlying the round liga- 
ment in the relatively avascular plane between the lateral and the 
medial segments of the left hepatic lobe. Decompression can be 
effected by simple tube drainage or, if the duct is large enough, 
by Roux-en-Y hepaticcjejunostomy. 

(Arch Surg 114519-522, 1979) 


M braa of ebstructive jaundice may involve the 
extremes of surgical challenge, satisfaction, and 
frustration. Tae surgeon and his patient are gratified 
when tidy extirpation of a stricture or tumor can be 
followed by precise anastomotic restoration of biliary- 
intestinal continuity However, both surgeon and patient 
may suffer whenever the location or nature of the obstruc- 
tion precludes this iceal. 

Usually, the common hepatic duct or its bifurcation is 
accessible for deeompression in the hepatic hilus. At times, 
however, safe access to these ducts is hindered by exten- 
sive tumor or by vascular collateral vessels associated with 
portal hypertension.' In this cireumstance, the convention- 
al hilar approaeh may involve unacceptable risks and 
limitations. Fortunately, there is a simple and safe solution 
to the problem: the biliary traet may be decompressed via 
the left hepatic duet within the liver-away from the 
affected hilus. 
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This so-called round ligament approach was described by 
Soupault and Couinaud’ in 1957. Although used commonly 
by European surgeons, this procedure has been generally 
unrecognized by American surgeons, although the French 
surgeons Bismuth and Corlette* described their experience 
in the American literature in 1975. Knowledge of this 
procedure is essential for safe, proper management of 
some types of obstructive jaundice. 


METHOD 


The operative technique is based on anatomic factors related to 
the fetal circulation. The umbilical vein of the fetus drains 
placental blood into the left branch of the portal vein. After birth, 
the obliterated umbilical vein, that is, the round ligament of the 
liver, may be followed within the liver substance to its junction 
with the left branch of the portal vein. Fortunately, the left 
hepatie duct is nearby and it can be exposed by dissection within a 
relatively avascular parenchymal plane—the intersegmental plane 
between the medial and lateral segments of the left hepatic lobe 
(Fig 1). 

The left hepatic duct may be approached in a stepwise fashion 
(Fig 2). The round ligament is divided, freed from its attachments 
outside the liver, and pulled downward and posteriorly. The bridge 
of liver tissue overlying the umbilical fissure then is divided by 
blunt dissection in the intersegmental plane. Fortunately, there 
are no major arteries or veins between the liver capsule anteriorly 
and the left hepatic vein, which lies anterior and superior to the 
left branch of the portal vein. After the left branch of the portal 
vein has been identified, dissection is then done superiorly within 
the liver substance to identify the left hepatic duct. 

Usually, the duct or one of its tributaries can be easily found. 
However, on a few occasions, the duct has been identified only 
after a tedious search. Whether this difficulty is related to relative 
inexperience with the procedure or to possible anatomic variations 
is unclear. | 

These diffieulties have been resolved in one of two ways. Small 
biliary tributaries in the area may be intubated, and when direct 
operative cholangiography shows the major ductal system, dissec- 
tion along the tube will lead one to the left hepatic duct. In other 
instances, we have had the impression that both the left hepatie 
duct and the portal vein are invested in a fibrous sheath; exposure 
then has required more aggressive dissection and needle aspira- 
tion to distinguish between the vein and the duct. 
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RESULTS 


During the past two years, we have effectively decom- 
pressed the biliary tract of nine patients for whom hilar 
decompression was precluded by tumor or vascular collater- 
al vessels associated with portal hypertension. The majori- 
ty of the patients had advanced malignant disease, and the 
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Fig 1.—Anatomic relationships relevant to round ligament 
approach. Obliterated umbilical vein (ligamentum teres) may be 
traced within liver to junction with left branch of portal vein. Left 
hepatic duct lies anterior to portal vein; in this left intersegmental 
plane, there are no major vascular tributaries between liver 
capsule anteriorly and left hepatic duct. 


3 


procedure was used to pass a tube into the left hepatie duet 
for external drainage. An operative cholangiogram was 
made br injection through a tube placed in the left hepatie 
duet by the round ligament approach (Fig 3). Postopera- 
tively, bile that drained externally through this tube was 
instille through a tube jejunostomy (Fig 4). In all 
instances, jaundice was relieved and radiation or chemo- 
therapeutie management was tolerated. We have been 
impressed by the palliative value of this route for biliary 
decompression. 

Only once in our experience has wide exposure of the left 
hepatic duct been justified for biliary-intestinal anastomo- 
sis (Fig 4, inset). The patient had extrahepatic portal 
venous obstruction, bleeding varices previously treated by 
esophagogastrectomy with jejunal interposition, and a 
stricture of indeterminate cause. Venous collateral vessels 
precluded access to the hepatic hilus. The anastomosis 
between the left intrahepatic duct and a Roux-en-Y jejunal 
limb has effectively relieved the jaundice and episodes of 
recurrent cholangitis for 17 months. 


COMMENT 


The indications for this method of biliary decompression 
are generally clear. It is important to know before the 
operatien the site of obstruction, whether the left hepatic 
duct is dilated, and whether the primary ductal bifurcation 
is intact. Therefore, preoperative percutaneous transhe- 
patic cholangiographic studies usually are indicated. 

In general, the efficacy and- technical niceties of biliary 
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Fig 2.—Operative approach and intra- 
hepatic anatomy exposed by unroofing 
bridge of hepatic tissue that overlies 
left branches of portal vein and hepatic 
duct in left intersegmental plane. 
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decompressicn are determined by the following well- 
known factors: the site and nature of the obstructive 
process (whether it is benign or malignant); the size, 
number. loca-ion, and quality of the bile ducts available for 
decompressive proeedures; and the accessibility of hepatic 
hilar structures. These factors determine the choice of 
technique fo- biliary decompression. 

Because the round ligament approach is not offered to 
compete wita traditional methods of biliary tract decom- 
pression, it must be considered in perspective. Most often, 
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Fig 3.—Operative cholangiogram made by injection through tube 
placed within left hepatic duct using round ligament approach. 
Tip of Femostatic forceps lies close to opening made in duct for 
insertion of tube. 


SS 


No 


awe 
Jt ee, 


t X 
Nes SW 


yer? 


Arch Surg—Vol 114, April 1979 





the hilar approach to the common hepatic duct or its 
bifurcation is possible; and whenever precise anastomotic 
techniques are feasible, they are preferred—because they 
provide more definitive decompression. We have placed 
transhepatic stents through anastomoses only when ducts 
of poor quality or imperfect operative exposure preclude 
ideal anastomotic techniques. 

Unresectable malignant strictures may be dilated and 
patency maintained with tubular stents. Transhepatic 
tubes are particularly valuable‘ because they (unlike T 
tubes) can be cleaned and replaced easily. At times, 
extensive malignancy may preclude the use of anastomoses 
or stents, and simple hilar tubular decompression combined 
with tube jejunostomy for the instillation of drained bile 
may provide much palliation. 

When pathologic changes preclude access to the hilus, 
three transhepatic approaches to decompression can be 
considered: the Longmire operation, percutaneous transhe- 
patic decompression, and the round ligament approach. 
The Longmire operation,’ which involves resection of the 
lateral segment of the left hepatic lobe, is associated with 
more risk* than is ductal decompression without resection; 
and, in recent years, we have reserved resection with or 
without anastomosis for patients who have intrahepatic 
biliary calculi sequestered within the left hepatic lobe. 

Percutaneous transhepatic decompression probably is 
the simplest and safest technique for biliary decompres- 
sion in the patient who has unresectable malignant disease. 
Our colleagues in the Section on Diagnostic Radiology have 


Fig 4.—Biliary decompression via 
left intrahepatic bile duct. External 
drainage is combined with jejunos- 
tomy for instillation of bile whenever 
biliary-intestinal anastomosis is 
either impractical or impossible. 
Tubular stents may be used in 
conjunction with hepaticojejunal 
anastomoses. 
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attained unusual competence with this technique. General- 
ly, however, only diagnostic preoperative cholangiography 
is used when abdominal exploration is required for diagno- 
sis or definition of the extent of malignant disease. 

The round ligament approach is indicated or applicable 
whenever the hilar ducts are inaccessible—but only when 
the left hepatic duct is dilated, the bifurcation is intact, and 
abdominal exploration is required for histologic diagnosis. 
The round ligament approach is neither indicated nor 
feasible when the left hepatic duct is obliterated by tumor. 
Such obstructions are better treated with transhepatic 
tubular stents after dilation of the malignant stricture. 
Also the round ligament approach is not indicated when a 
simpler, safer, or more definitive method of decompression 
is available—and it is not indicated for patients with 
proved unresectable malignancy whose jaundice may be 
relieved by percutaneous transhepatic decompression. Our 
experience with the round ligament approach for biliary 
decompression has shown it to be simple and safe, and any 
surgeon who assumes responsibility for patients who have 
obstructive jaundice should know of this technique. 
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Discussions 


RICHARD O. Knarr, MD, Ann Arbor, Mich: Many patients who 
suffer from extrahepatic biliary duct neoplasms die of the compli- 
cations of the obstruction (primarily cholangitis) rather than from 
the neoplastic process itself. These particular lesions tend to be 
very slow growing —and as many as 15% of these patients will still 
be alive four years after palliative operations. We have attempted 
in the past to gain biliary decompression using a transhepatic tube 
placed through the posterior wall of the gallbladder, with subse- 
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quent anastomosis of the small bowel to the opened gallbladder 
edges (a technique described in the Russian literature several 
decades azo). The ductal system can indeed be approached in that 
manner, but unfortunately the middle hepatic vein also is anatom- 
ically close at hand! I believe the technique described by Dr Adson 
and his co leagues will represent a much less morbid experience for 
the patiert and may well serve as the diversionary procedure of 
choice in these unusual circumstances. 

Dr Apson: I, can think of two patients several years ago who 
died because I had to be too aggressive in dealing with strictures 
in patients who had portal hypertension associated with secondary 
biliary cir-hosis. I ean best express how I value this procedure by 
telling why Dr Dudley is here. 

Two years ago he was assisting me in my efforts to help a 
woman wko had a ductal cancer with a natural history such as Dr 
Kraft has described. A year before, I had stented her ductal 
bifurcatioa with a transhepatic tube. In her right lobe is a tube 
that her paysician had tried to replace after my transhepatic tube 
had become occluded by further growth of tumor. 

As I struggled at the operating table to decompress her left duct 
at the hiles, Dr Dudley asked me why I did not try the round 
ligament approach that had been described by Bismuth and 
Corlette. The article was obtained from the hospital library and 
we improvised a tube into the left duct by the round ligament 
approach. Ve did a tube jejunostomy and used I-V connector tubes 
so that we could plug the female and male connectors together. 
The patiert is still living two years later. . 

Dr Edis. Dr Dudley, and I had used this approach for biliary 
decompression eight times; I then operated on a woman whose 
biliary stricture Dr Priestley had managed by hepaticoduodenos- 
tomy 20 years ago. She had been jaundiced for two morths, had a 
serum bili-ubin level of about 25 mg/dL, and had been febrile 
intermitteatly. 

A nuclear scan made by her referring physician showed multiple 
cold areas in the liver that our computerized tomographic scan 
showed to be of water density. Convinced that we were dealing 
with recurrent stricture and multiple hepatic abscesses, I was 
concerned about the risks of percutaneous transhepatic cholangi- 
ography ard took her directly to the operating room without that 
diagnostic study. Unfortunately, I found her to have multiple 
bilobar nocules of primary liver cancer, perhaps associated with a 
secondary biliary cirrhosis from her recurrent stricture, and a 
truly inaccessible hilus. We were able to decompress the left 
hepatic dut with the round ligament approach. The operative 
cholangiogram was made by injecting dye through the tube. 

I apprecmite Dr Kraft's comments. We did not have time in our 
presentaticn to comment on other simple end runs around the 
hilus such zs he describes. However, there are elegant descriptions 
and some drawings of segmental anatomy of the liver available in 
the article »y Bismuth and Corlette.* 
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Esophageal Atresia 


A 41-Year Experience 


Wilkam 3. Strodel, MD; Arnold G. Coran, MD; 
Marvan M. Kirsh, MD; Wiliam H. Weintraub, MD; 
John R. Wesley, MD; Herbert Sloan, MD 


e Since the first attempted repair in 1935, a total of 365 infants 
have undergone treatment for esophageal atresia with or without 
tracheoescohegeal fistula. To evaluate the improvement in our 
results, we have diwded our patients into four, approximately 
equal, time periods. The overall late survival has indeed 
improved durinc-eac^ of the four decades from between 36% and 
53% to 68% in the last ten years. During this past decade, the 
group A risk irfents «35 patients) had a 3% mortality, the group B 
(20 patients) had a 5% mortality, but the group C babies (22 
patients) ^ad a 41% mortality due to associated anomalies or 
severe premeturity. Anastomotic leaks and recurrent fistulas 
were each enceuntered in approximately 5% of the cases in all 
decades. Postoperative stricture has been encountered in 2096 of 
the entire series amd no esophageal replacements have been 
required. 

(Arch Surg 114:523-527, 1979) 


racheoesophegeal fistula (TEF) with esophageal atre- 
sia was first recognized in the 17th century by 
Gibson. From then until the early 20th century, several 
more cases were reported, but no successful treatment was 
accomp' shec. The initial operative approach, beginning at 
the University of Michigan in 1935, consisted of multiple 
staged »roeedures, ie, gastrostomy, transpleural ligation of 
the fistula, ani occasionally cervical esophagostomy. 
Primary escphazeal anastomosis was attempted in 1939 
but wa- unsaccessful until 1941 when Dr Haight operated 
on a 2-da;-olé, 3,690-g infant? An anastomotic leak 
developed. Fut, »ecause the approach was extrapleural, the 
esophagocu*aneous fistula that developed remained local- 
ized amd healed in three weeks. An anastomotic stricture 
also deve.o»ed but was treated with a single dilation. 
Follewing ciscFarge, the child ate and grew normally. 
Over the 41 years during which infants with this anom- 
aly have been studied and treated at the University of 
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Michigan, the mortality has decreased sharply primarily 
due to early recognition, appropriate intravenous and 
antibiotic therapy, and the development of intensive 
neonatal monitoring. The basic treatment protocol has 
changed little since Dr Haight's first successful operation 
in 1941. The improvements in infant care mentioned above 
have produced the most dramatic results in low-birth- 
weight babies and in those with other congenital anoma- 
lies. The limiting factor for survival at present appears to 
be the severity of the associated anomalies. 


MATERIALS AND METHODS 


From March 1935 to December 1976, a total of 365 infants with 
esophageal atresia with TEF have been admitted to the Universi- 
ty of Michigan Medical Center. The first 200 patients were 
reviewed by Dr Haight in 1957, and the series was evaluated 
again in 1966.* To continue the review, the medical records of all 
patients with the diagnosis of esophageal atresia with and without 
TEF admitted from 1966 to 1976 were analyzed and compared with 
the previous experience. The records of the patients from 1956 to 
1966 were reviewed again to obtain additional information for 
comparison with the more recent group. Where possible, compari- 
sons also were made with the patients between 1935 and 1956. 
Infants operated on prior to transfer to the University of Michi- 
gan were excluded from this review. In summary, the present 
review divides the 41 years into the following four time periods: 
1935-1950, 1950-1956, 1956-1966, and 1966-1976. 

Each anomaly was classified into a type according to the criteria 
described by Haight’: type A—blind upper pouch; lower esophagus 
communicates with the trachea or main bronchus; type B—same as 
A except the two portions of esophagus are in muscular continuity; 
type C-the fistula is between the upper esophagus and the 
trachea, and in addition, there is a second fistula between the 
trachea and the lower esophagus; type D—esophageal atresia 
without fistula; type E—the lower esophagus communicates with 
the trachea but the communication is too small to allow passage of 
air; type F—complete atresia of the esophagus at the junction of 


' the middle and the lower thirds; type G—proximal fistula to the 


trachea without a distal fistula. Sex, birth weight, associated 
anomalies, and hospital course also were tabulated. In the most 
recent group (1966-1976), each infant was also classified into risk 
groups À, B, and C according to Waterston et al**: group A- birth 
weight greater than 2,500 g and otherwise well; group B- birth 
weight 2,000 to 2,500 g and well or higher birth weight with 
moderate pneumonia or congenital anomaly; group C- birth 
weight less than 2,000 g or higher birth weight and severe 
pneumonia or congenital anomaly. A severe or meaningful anom- 
aly was defined as one requiring operation or supportive treat- 
ment for survival. 


RESULTS 


Operative treatment over the 4l-year period has been 
carried out or directly supervised by a small group of 
thoracie and pediatric surgeons. When primary repair was 
possible, it was performed through a right extrapleural 
approach. In 98% of patients, the anastomosis used was a 
two-layer telescoping type. The remainder underwent à 
single layer anastomosis. 

The sex distribution was similar to that reported in other 
series, 62% boys and 38% girls.'* 

Survival was defined as a feeding infant who was 
discharged from the hospital. 
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Fig 1.—Various anatomic anomalies seen in present series of 365 
patients with esophageal atresia. Percentages do not add up to 
100% since figures are based on evaluation of 353 infants. In 12 
babies, exact description of anatomic set-up was not available 
from old medical records. (These represented patients from early 
years of series.) 


Figure 1 displays the types of esophageal anomalies 
observed in 353 of 365 patients with their respective 
incidence. As reported in the previous review by Haight, 
no patients with type G anomaly have been seen. 

Figure 2 demonstrates the distribution of the 365 
patients over the 41-year period. It can be seen that the 
average annual number of admissions has varied little 
(nearly nine per year) The period 1966 to 1976 during 
which 77 babies were seen includes one year in which only 
one patient was seen. 

During the initial period (1935-1950), four patients were 
treated with staged procedures. From 1939, when the first 
primary anastomosis was performed, to 1941, four patients 
underwent unsuccessful repairs. One died from prematuri- 
ty, one from pneumonia, one from aortic injury at opera- 
tion, and one secondary to sepsis following satisfactory 
primary anastomosis. The operative mortality in this early 
group was 56% and the late survival rate was 36%. Twelve 


percent of the deaths were attributed to associated congen- 


ital anomalies. Seven patients were not operated on. 
Over the next six years (1950-1956), 88 patients were 
admitted, 86 of whom underwent operation. Sixty-six (75%) 
of these patients had an esophageal anastomosis with an 
operative mortality of 3596 and a late survival of 53%. 
Death was caused by associated anomalies in 24% of 
patients, occurring in some within the first 30 days after 
operation and occurring later in others. Twenty patients 
underwent staged procedures with an operative mortality 
of 55%. Thirty percent of the deaths in the staged group 
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Fig 3.—Opsrative mortality, late survival results, anc type of 
operative treatment. 


were attributed to other congenital disorders. 

The next ten years (1956-1966) showed an improved 
operative mortality (26%) and late survival rate (68%). In 
this group, only 6% of the infants were initially approached 
with a staged operation while the remainder had a primary 
repair. 

During fhe most recent decade (1966-1976), operative 
mortality has continued to decline (12%) and late survival 
has increased to 86%. Ninety-one percent of the patients 
were treated with an esophageal anastomosis while only 
9% were steged. 

Figure 3 summarizes the operative mortality, the late 
survival results, and the type of operative treatment 
employed. 


1966-1976 


The following is a more detailed analysis of the infants 
admitted du-ing the last decade. 

Table 1 lists the patients according to Waterston s risk 
group. It sho 1ld be noted that 81% of the deaths (nine of 11) 
that occurrec during this period were in the C or worst risk 
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group. The one death in group A (3%) was caused by . 


pneumonia and sepsis in a child who underwent a staged 
procedure The chil did not have preoperative evidence of 
pneuroniis; however, a staged procedure was initiated. 
The irfant alsc hañ several associated anomalies, none of 
which wer d-rectl» related to his death. Of those in group 
C, fou” desths were attributed to prematurity including an 
879-g child who u-derwent gastrostomy, division of the 
stomach. and ligat on of the istula. Two children died late 
death-. Dae died caring an attempt to perform a Water- 
ston {siunt after a »revious Blalock-Taussig shunt became 
occluced. The othe= baby also had tetralogy of Fallot and 
died rar comgesfive heart failure after a satisfactory 
esophages| anastomosis. A third patient had a tetralogy of 
_ Fallot wz died o^ pneumonia after primary esophageal 
repair. The remaning two infants died secondary to 
uncortro led pneu0nia and sepsis. 

The m-mber of anomalies associated with each risk 
group are as fellows: group A, 25; group B, 18; and group C, 
24. The mumoer of anomalies is nearly equal in each of the 
three grcaps althaugh the percent of anomalies among the 
infants who cied n group C is more than that seen in 
either groups A er B. Alsc, the infants who died (14%) 
aecounie- for 35% of all anomalies observed in the three 
groups. 

Table 2 demons=rates the operative treatment employed 
for each risk grou- and the associated operative mortality. 
Gast-ost:my was performed in 42% of the patients from 
1956 to 196€. Dur ag the next ten years, this increased to 
65%. Mos recentl> (within the last three years) the percent 
has inereased to 90%. 


Associated Anomalies 


Multiple assocsated congenital anomalies are seen in 
patients with esaohageal atresia; the reported incidence 
ranges fom 30% zo 70%. During the last ten years, the 
incicemce cf substantial anomalies among 77 patients 
(27.2%) has charged little from the preceding 31 years 
(31.6%). The number and organ system involved with 
meaningful cr serere anomalies are presented in Table 3. 

The tetal number and tyoe of anomaly are presented in 
Tabe 4 As defmed earlier, severe anomalies are those 
requimrz samgice correcticn or supportive care despite the 
presene- of esop-ageal atresia. 

The mos: common severe cardiovascular anomalies are 
patent -:uezus amberiosus and ventricular septal defect. In 
the 1965-1975 grmeup, four of 13 cardiovascular anomalies 
were tecralogy æ Fallot. Imperforate anus and pyloric 
sterosis were the most frequently encountered gastroin- 
testinal anomalies, while renal agenesis and hydronephro- 
sis were observed in the genitourinary tract. 


Complications 


An:ss-omofic Leak.—As mentioned earlier, when a 
primary repair was performed, the Haight anastomosis 
was used in 98% of the casas. The incidence of anastomotic 
leak im the 190 cases seen from 1956 to 1966 was 5%. During 
the fo owing ten years, the incidence was 8% in 77 
patients. In all mses, the leak remained extrapleural and 
heeled premptly without further complication. In no case 
dic the leak contribute to the death of a patient. These 
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Pneumothorax.—Between 1966 and 1976, the incidence of 
recurrent pneumothorax was very low. This was easily 
treated with tube thoracostomy. 

Pneumonia.—Seventy percent of infants admitted from 
1956 to 1966 were operated on within three days of birth. 
From 1966 to 1976, the figure was 75%. Despite early 
recognition and early initiation of treatment, 21% of 
patients had preoperative roentgenographic evidence of 
pneumonia. Postoperatively, the incidence was 24.6%. As 


Table 1.—Patients According to Risk Group, 1966-1976 


Group No. Deaths Mortality, % 


Total 77 11 (14%) ut 












Table 2.—Risk Group and Type of Operation, 1966-1976 


Survived 
Died 


Primary repair 


Cervical esophagostomy 
and gastrostomy Survived 
Died 


Division of fistula Survived 


Gastrostomy and division 
of fistula Survived 


Died 


Table 3.—Number of Patients With Meaningful Anomalies 









9 1 
1 
0 





Neurological 


Genitourinary 4 
0 


Orthopedic 


Total 91 (31.696) 23 (27.396) 








Table 4.—Number of Anomalies* 


1935 to 1966 1966 to 1976 


Severe Not Severe Severe Not Severe 


Cardiovascular 45 21 13 6 


Gastrointestinal 42 22 T 7 


Neurological 
Genitourinary 
Orthopedic 


*Total — 322; 1935 to 1966 — 255; 1966 to 1976 — 67. 
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would be expected, the majority of those who had preoper- 
ative pneumonitis continued to have clinical and roentgen- 
ographic evidence of pneumonia postoperatively. Of the 
deaths that occurred, pneumonia was the cause in 48%. 
Recurrent Fistula.- Between 1956 and 1966, a recurrent 
fistula developed in 7.5% of patients undergoing primary 
repair. The majority of these fistulas (85%) closed sponta- 
neously. From 1966 to 1976, 5% had a recurrence. One 
occurred two weeks postoperatively when the previous 
closure broke down and required reoperation. The infant 
weighed less than 1,000 g and subsequently died from 
sepsis. Two more recurred late and were also treated 
surgically. The fourth fistula closed spontaneously. 
Stricture.—The incidence of stricture was difficult to 
assess since all infants, except those treated most recently 


(within the last three years), underwent esophageal 


“sounding” in the postoperative period. Diatrizoate sodium 
esophagrams were performed to detect anastomotic leak 
but the quality of the x-ray films was not sufficiently good 
enough to evaluate the degree of stricture. Many (72%) of 
the patients continued to have their esophagus sounded as 
outpatients without any correlation with symptoms. It 
appears that approximately 23% of patients had symptoms 
or clinical findings suggestive of a stricture requiring 
dilation. All responded to dilation and none underwent 
esophagoplasty or colon interposition for stricture. 

Motility studies have been conducted recently on a 
number of patients from this series.'* A common abnormal- 
ity noted was the lack of progressive peristalsis with 
simultaneous contractions throughout the esophagus with 
swallowing. Moderate to severe gastroesophageal reflux 
through an incompetent lower esophageal sphincter also 
has been noted. Lind et al” studied ten patients who had 
undergone repair and found a motility pattern similar to 
that observed in patients with achalasia. Burgess et al’ 
also demonstrated aperistaltic segments but a completely 
normal lower esophageal sphincter. 


COMMENT 


Although Haight classified the types of esophageal 
atresia with TEF into seven groups (A to G); in practice, 
types A, B, and E are considered as one group, ie, esopha- 
geal atresia with distal TEF. When the types of esophageal 
atresia are considered in this manner, their respective 
incidences at this institution are similar to those reported 
by other authors. 

Before intensive neonatal care was readily available, it 
was necessary to use a staged approach to esophageal 
correction in some of the poor risk patients and in those in 
whom the proximal and distal pouches were widely sepa- 
rated, thus making a primary anastomosis impossible. In 
1964, the cooperative review of esophageal atresia by the 
surgical section of the American Academy of Pediatrics 
recommended staged repair in the high risk neonate.” This 
view was supported by Koop and Hamilton in 1965'* when 
their study showed an increased survival from 38% to 92% 
with the staged approach. Wayson et al* also suggested 
that "staging" was the preferred treatment since many of 
the infants were able to undergo only a minimal procedure. 
More recently, however, Abrahamson and Shandling"* in 
one report and Tyson" in another have shown that a more 


526 Arch Surg—Vol 114, April 1979 


aggressve approach (primary anastomosis) in high risk 
infants has actually decreased both morbidity and mortal- 
ity whea compared with the staged repair. This turnabout 
in surgieal therapy has been paralleled by improvements in 
neonata- anesthesia, by the development of neonatal moni- 
toring, end by increased understanding of neonatal physi- 
ology. Ir addition, with the staged approach, the division or 
ligation of the TEF may be performed through a retropleu- 
ral approach, but the subsequent esophageal anastomosis 
must be done through a transpleural route. Thus, the 
patient -=s subjected to a higher morbidity and mortality 
should aa anastomotic leak occur. 

At the University of Michigan, a gastrostomy is 
performed under local anesthesia and a sump tube is placed 
in the proximal esophageal pouch under gentile suction - 
shortly a^ter admission. Decompression of the gastrointes- 
tinal tract and control of oral secretions are thereby 
achieved, thus minimizing the chance of aspiration. In 
addition, the gastrostomy facilitates feeding in the postop- 
erative period. The A risk patient then uncergoes a 
primary repair within 24 to 48 hours following gastrostomy 
placement. Thus, the procedure can be done electively 
when both the surgical and operating room teams can 
perform eptimally. The B risk patient with pneumonia is 
treated vith appropriate antibiotics and then undergoes 
primary repair when the pneumonitis has resolved. The C 
risk patient with pneumonia or with severe associated 
anomalies also receives antibiotic therapy and any other 
necessary supportive care. Any life-threatening anomaly 
that is amenable to surgical correction or palHation is 
treated. With close monitoring, sump tube suction and 
gastrostomy decompression are continued until th» patient 
becomes stable enough to undergo primary esophageal 
repair. Tre group of patients in whom the proximal and 
distal pouzhes are widely separated, thus precluding initial 
primary r2pair, are maintained as described abov2 and, in 
addition, receive either central or peripheral parenteral 
nutrition. One patient in this series was treated in this 
manner fcr six weeks prior to operation. During tais time, 
the proximal pouch is lengthened by daily mercury 
bougienage, after which a primary anastomosis is _ 
performec. Colon interposition is performed only in the 
rare case i1 which all attempts to do a primary anastomosis 
are unsuccessful, including a circular esophageal myotomy 
of the proximal pouch. With the above regimen, the results 
in the present series of patients have been excellent. 

In summary, of 365 patients with esophageal atresia 
with TEF admitted to the University of Michigan Medical 
Center sinze 1935, mortality has declined over the 41-year 
period to 3% in the A risk patients, 5% in the B risk 
patients, and 41% in C risk patients. Eighty-one pereent of 
the deaths have occurred in patients with low birtk weight 
and with severe associated anomalies. 

The operative procedure of choice has been a two-layer 
telescoping anastomosis performed through a right extra- 
pleural approach. Anastomotic leaks occurred infrequently 
(8%) and when they did occur, resolution was prompt 
without further complications. Stricture formation oc- 
curred in 23% of patients and was treated with dilation 
alone. 

It appeazs that further improvements in the treatment 
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of this d:sorder ave dependent on the ability of physicians | 


to manaze the associated congenital anomalies both surgi- 
cally and medica ly. 
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DISCUSSION 


Jay L. GrosrELp, MD, Indianapolis: This report, from the 
bir-hplace of the first successful operation for esophageal atresia 
and TEF, has both clinical and historical importance. 

™he experience at Indiana University is similar to that at the 
Uriversity of Michigan. The first successful repair of esophageal 
atresia and TEF in Indiana was performed in April 1945 under 
local anesthesia by James Stanley Battersby, a senior member of 
this Asseciacion. From 1945 to 1972, Dr Battersby had extensive 
experience with 260 cases that closely paralleled Dr Cameron 
Haight’s exoerience in Ann Arbor. 

Sinee 1972, we have seen an additional 95 cases with an accrual 
rete of sligFtly more than 15 cases per year. The 33-year volume is 
355 cases, vhica is somewhat similar to the Michigan experi- 
ence. 

In past years, the characteristic approach to the baby with TEF 
would be tærust the baby to the operating room for an emergency 
thoracotomy without much immediate attention given to his 
essociated orobeems, especially pneumonia. 
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the babies have serious associated anomalies; most have pulmo- 
nary complications, and at least a third are premature. These 
patients are at risk for immediate thoracotomy. 

Over the last six years, we have had a 5% operative mortality. 
Our overall survival rate, because of late deaths usually related to 
cardiovascular anomalies, drops off to about 85%. [ 

Using Waterston Risk Group analysis all type A babies E 
survived. Infants in risk group B have a 90% survival, and 4 
surprisingly, group C babies have about an 80% survival. d 
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Presently, we consider the gastrostomy as the emergency 
operation in these babies to prevent acid reflux through the fistula 
into the lungs, resulting in aspiration pneumonia, an early cause of 
mortality. The gastrostomy is performed under local anesthesia. A 
suction catheter is inserted in the atretie pouch, and the baby i 
given antibiotics and appropriate respiratory support. A systems 
workup is done to evaluate for other anomalies that may, in 
themselves, cause demise of the patient. | 

When the baby is in better condition, a delayed extrapleural 
thoracotomy is performed. Unfortunately, there is a small group 
of infants with problems that are beyond the surgeon's control. 
These include certain babies who have the V ATER's association, 
which is àn acronym for a concurrence of disorders including 
vascular or vertebral anomalies, imperforate anus, TEF, esopha- 
geal atresia, and radial limb or renal anomalies. These infants 
have a very high mortality. 

In addition, babies born with trisomy syndromes and TEF have 
a duration of survival of 76 + 20 days. If these babies are included 
in Dr Coran's data (as I am sure they are), they must account for 
some of the deaths in this series. I wonder if Dr Strodel or Coran 
will comment on these cases? 

DR CORAN: I think one of the very important aspects about the 







management of these babies is the gastrostomy; and, as Dr 
Grosfeld has mentioned, esophageal atresia is no longer consid- d 
ered an emergency operation in the newborn period. à 


The only part of the operation that is emergent is the insertion 
of the gastrostomy tube. We believe it is important to insert that 
tube, although in many institutions gastrostomies are not carried 
out. The gastrostomy not only decompresses the stomach in the 
baby, which improves respiratory function, but it becomes a very 
useful tool for feeding the baby in the postoperative period. 
Forty-eight hours after a primary repair, if things are going well, 
intravenously administered nutrition or supplementation is 
stopped and gastrostomy feedings of the baby are begun. At about — 
day 9 after esophageal repair, when we have demonstrated the 
anastomosis to be without a leak, oral feedings are begun. So the 
gastrostomy tube, as is the case with most operations in the 
newborn, is very helpful for feeding the baby after the major 
repair. | 

Another important point is the incidence of stricture, which has 
decreased substantially in recent years. I am sure this decrease is 
related to more careful technique with the anastomosis, better 
suture material, et cetera. We have noted that babies in whom 
stricture does develop regardless of the type of anastomosis 
done—be it a one-layer, two-layer, or Haight telescoping anasto- 
mosis—all appear to have substantial gastroesophageal reflux. We 
have found, in fact, that most of the babies who have strictures 
requiring more than one dilation have considerable reflux, which, 
if corrected surgically, usually leads to disappearance of the 
stricture formation. This is an important point to remember. Ina — — 
long-term follow-up of children with esophageal atresia studied — 
many, many years later, the incidence of reflux was as high as ; 
25%. l 

In response to Dr Grosfeld’s question about the majority of the 
deaths, in the last ten-year period almost all the deaths were due to 
severe associated congenital anomalies such as is seen in the 3 
VATER syndrome. | | 
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Our First 35 Patients Studied 
Five Years After Parietal Cell Vagotomy 


Paul H. Jordan, Jr, MD 


© Parietal cell vagotomy without drainage (PCV) was 
performed on 35 patients. The patients were evaluated at regular 
intervals for 60 months. A recurrent ulcer developed in four 
patients. One patient was reoperated on, one patient refused an 
operation, and in two patients, the ulcers healed and remained 
healed for four years after withdrawal of ulcerogenic drugs. 
Another patient was reoperated on for pyloric obstruction. Diar- 
rhea was reported by no more than one patient at any reporting 
period. The number of patients who reported dumping at the 
various time periods ranged from two to four. At the time of each 
patient’s last interview, 33 were considered to have excellent or 
good results. PCV is a safe and effective operation for treatment 
of duodenal ulcer. Instructions in the technique are necessary to 
avoid errors that might unnecessarily occur and lead to poor 
results with first operations. - 

(Arch Surg 114:528-535, 1979) 


arietal cell vagotomy without a drainage procedure 

(PCV) has been used for treatment of patients with 
duodenal ulcer for nine years. The recurrent ulcer rate 
associated with the use of this operation has varied from 
2% (Prof D. Johnston, oral communication, June 6, 1978) to 
22%; but in general, it is comparable to the rate related to 
the use of truncal vagotomy and a drainage operation. 
Those authors originally reporting inordinately high recur- 
rence rates have subsequently revised the frequency of this 
complication downward. In each instance, the lower recur- 
rence rate was attributed to a better appreciation of the 
technieal requirements of the operation. 
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The questions relative to PCV that concern most 
surgeons are: How difficult is it to master the operation? 
What results can one anticipate from their initial use of the 
procedure? The evidence is clear that the operation is 
within the capability of any well-trained surgeon and that 
an acceptable recurrence rate of 5% to 10% can be antici- 
pated.*^ The low mortality and morbidity associated with 
the operation make it particularly attractive for the treat- 
ment of duodenal ulcer. 

My initial experience with PCV consisted of a pilot study 
of 35 patients. These patients have been followed up for 
five years and provide a basis for the general surgeon to 
predict the results with his beginning use of the operation. 
Since the start of this study, the operation has become well 
standardized, and the centers performing the operation 
have multiplied. Therefore, a surgeon performing the 
operation for the first time might expect to achieve better 
results than mine if he observes the performance of the 
operation by one who can demonstrate the technical objec- 
tives and the errors to be avoided. 


SUBJECTS AND METHODS 


Thirty-fiwe consecutive male patients with duodenal 
ulcer were selected for operation. Details of the investiga- 
tion were published previously.* Patients were studied at 2, 
6, and 12 months and every 12 months thereafter for five 
years. At the time of this report, 17 patients were followed 
up for six years. All but two patients were followed up for 
the five years or until they died. Four patients diec from 
causes unrelated to ulcer disease. They were seen last at 2, 
12, 24, and 43 months after operation, respectively. Of the 
two patients not followed up five years, one was last 
interviewed 36 months after operation and the other at 48 
months. 

An idea of the severity of the patients’ ulcer diathesis 
can be gleaned from the tabulation of (1) the duration of 
ulcer symptoms, (2) previous ulcer complications, and (3) 
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the gross appearances of the duodenum. The duration of 
uleer symptoms was unknown in three patients, from zero 
to one year im four, one to five years in eight, five to ten 


A Pl years în three, tea to 20 years in eight, and 20 to 30 years in 


nine. Previous ecmplieations ranged from previous trans- 
fusions in four p:tients, recent transfusions in five, bleed- 
ing w:thout trarsfusion in four, perforation in five, and 
perforation and bleeding in three. Evidence of ulcer at 


operation varied from no serosal evidence in three © 
patients, seresal sear in 15, scar, inflammation, and edema © 
RS patients.reported having any diarrhea and no more than 
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adjacent organs in five. The range of the patients' preoper- 
ative peak basal hourly hydrochloric acid outputs calculated 
from the two-hour basal collection periods is as follows: 0 to 
0.9 mEq, two patients; 1 to 2.9 mEq, four patients; 3 to 5.9 
mEq, 14 patients; 6 to 8.9 mEq, seven patients; 9 to 12.9 
mEq, five patients; 13 to 15.9 mEq, one patient; and 16 


RESULTS 
Diarrhea 


Throughout the study (Fig 1), only three different 


FREQUENCY OF DIARRHEA IN PATIENTS FOLLOWED FOR FIVE YEARS AFTER PCV 
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© €—9 Patients Followed — 
Patients with Diarrhea - 


Fig 1.—In this and subsequent similar figures, 
top line represents number of patients inter- 
viewed during each time period. Crosses 
represent the time that those patients who 
. died were last interviewed. Arrows mark the 
. time that those patients who were subse- 
 quently lost to follow-up were last inter- 
= viewed. Bottom line represents number. of 


period. Only three patients not having diar- 


» rhea preoperatively reported diarrhea postop- 
. eratively. 


FREQUENCY OF DUMPING IN PATIENTS FOLLOWED FOR FIVE YEARS AFTER PCV 


$ 


e——e Patients Followed 


QO 0 Patients with Dumping 


Time Interval | 


PAIIENIS 


MONTHS 
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. Fig 2.—For interpretation of top line, see 
Fig 1 legend. Bottom line represents 
number of patients reporting dumping 
during each time period. Seven patients 
reported dumping during study. No more 
than four patients had dumping during any 
one time period. 
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one patient had diarrhea at any time period during the five 
year follow-up. Diarrhea was not a major complication for 
any patient. The one patient with troublesome diarrhea of 
any persistence reported four to five loose stools a day for a 
day or two approximately every nine days. At the last 
follow-up period for each patient, 34 of 35 (97%) had no 
diarrhea. 


Dumping 


Dumping (Fig 2) was reported by a total of seven 
patients at some time period during the five years. The 
maximum number of patients with dumping for any time 





*Numbers in body of table refer to particular patients; parentheses 
themselves indicate patients with recurrent ulcer; R, esophageal reflux. 
TAdenocarcinoma of esophagogastric junction was found at this time. 


period was never greater than four. At the last follow-up 
period for each patient, 31 of 35 (89%) had no complaints of 
dumping.:In all but one patient, dumping was nild and 
could easily be avoided by eliminating milk or sweets from 
the diet or by resisting the temptation to overeat. The one 
patient with persistent dumping had this complaint at all 
but one time period. Although dumping was an im portant 
problem fer this patient, it was not debilitating and could 
be substartially ameliorated by eating smaller meals and 
avoiding milk and sweets. Five of the seven patients with 
dumping were given a provocative dumping test. This 
consisted cf giving 2.4 dL of a mixture of half milk and half 
cream anc 1 dL of 50% glucose through the nasogastric 
tube at tFe conclusion of a gastric analysis without the 
patient's knowledge of what was being done. The patients 
were carefully observed and monitored for signs and 
symptoms of dumping. Four of the five patients tested had 
objective evidence of dumping. One of the two patients 
who subse juently underwent antrectomy and Billroth I (B 
I) anastomosis had mild dumping develop. This patient is 
not included in Fig 2. Late dumping occurred in enly two 
patients a£ one time period each. It was mild ard of no 
consequence. 


Recurrent Ulcer 


The totel number of patients with a proved recurrent 
ulcer and the total number of patients for each time period 
that had any gastrointestinal symptoms that might be 
interpreted as peptic ulcer in origin are depicted m Fig 3. 
Symptoms included any episode of nausea, vomiting, 
gaseous diEtension, reflux, or other complaints of epigas- 
trie distress. At some time period; 13 patients complained 


FREQUENCY OF EPIGASTRIC SYMPTOMS AND RECURRENT ULCERS 


Fig 3.—For interpretation of top line, see 
Fig 1 legend. Middle line represents 
number of patients that reported any 
peptic symptoms during study. Bottom line 
represents time period in which recurrent 
ulcers were identified. Four patients in 
whom recurrent ulcer developed are indi- 
cated by their numbers. 
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IN PATIENTS FCLLOWED FIVE.YEARS AFTER PCV 


@—@ Patients Followed 
O——O Patients with Sy nptoms 


&- -Å Patients with Ulcer 
t 


5 Arthritis - 15 aspirin/day 
25 Alcohol * aspirin - binge } Js 
3] Post bulear ulcer - reoperated 

4 G.U. refused surgery 


MONTHS 
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Month 


Postoperative PAO, PAO, 














74 37.8 
26 32.8 


Gas-ric ulcer 12 
25 Channel 2 
31 Pos bulbar 2 





4 
4 





Table 2.—Patients With Recurrent Ulcers* 


At Recurrence, 
Preoperative % Reduction for 


PAO, PAO, 





85 
+197 
4.7 43.4 53 















Gastric 
Retention 


Contributing 
Factor 






Treatment 








Medical 
Medical 


Duodenal! obstruction Surgical 


81.4 
61.5 
40.5 


15 aspirin/day No 
Alcohol, aspirin No 






. 
py 








*PAO. indicates mean inhibition of peak basal acid output; PAO,, mean inhibition of peak acid output after maximal stimulation with betazole 


hydrochloride 


{The salues fer these patients showed an increase rather than a reduction. 






No. of Months Postoperative 
19 19 14 





2 6 
Unchanged 
Work 14 22 15 14 





No work 6 


4 4 4 


6 5,2 










of peptic symptoms (Table 1). Patients with peptic symp- 
toms had endoscepic examinations on repeated occasions 
and several underwent studies for reflux. Of these 
patients, one had an adenocarcinoma at the esophagogas- 
trie junction develop five years after surgery. Four 
patients had esor hageal reflux develop. They were treated 
mecieally but eventually two required reoperation after six 
years. A recurreat ulcer developed in four patients. Two 
uleers were gastric and two were duodenal. One of the four 
patients w-th ulcer was reoperated on and had antrectomy 
and B I anastomosis. One patient refused reoperation, and 
the ulcers healed in two patients. The following are 
patents whe hac a documented recurrent ulcer (Table 2): 

Case 5.—This patient had a gastric ulcer develop eight 
months after operation as a result of taking 15 aspirins a 
day for an aeute arthritic condition secondary to a severe 
collagen disease. After cessation of the aspirin, the ulcer 
hea.ed and has remained healed in spite of the fact that the 
patent has continued treatment with steroids for four 
years. 

Case 25.—A superficial duodenal ulcer developed in one 
patemt after taking liberal amounts of alcohol and a 
mixture of aspirin and caffeine at Christmas. After ten 
days ef treatment, the ulcer healed and has remained 
healed for three years. 

Case 31—Two years after operation, a recurrent ulcer 
developed in tb» postbulbar area, leading to duodenal 
obscruction. This patient was reoperated on and underwent 
antrectomy and zastrojejunostomy. 

Case 4.—This patient had symptoms develop that were 
sugzestive ef peptic ulcer six months after operation. 
Results of repeated endoscopic studies were consistently 
normal unti! four years postoperatively when a gastric 
ulcer was first seen. The ulcer initially healed but was seen 
agein en endoscopy at five years. At six years, the ulcer 
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was absent and the patient was asymptomatic. 

One patient was considered a failure and required 
reoperation after one year not because of a recurrent ulcer 
but because of pyloric obstruction. The size of this patient's 
pyloric lumen at the time of the operation was the smallest 
of any of the patients in the study. In retrospect, the lumen 
was of inadequate size, but to compound the problem, the 
anterior vagus nerve was accidentally eut as well. 


Rehabilitation 


Within the first two months of operation, 18 (55%) of the 
patients had returned to work (Table 3). During the next 
two years, approximately 24 (75% to 80%) of the patients 
were gainfully employed. No patient failed to return to 
work because of untoward gastric sequelae. Most of those 
who did not work did so because they had retired before 
operation or retired as the study progressed. A few 
patients were ill for reasons other than their stomach and 
thus could not work. Of those patients who had not worked 
preoperatively but did so postoperatively, three were truly 
rehabilitated including one narcotic addict. 


Nutrition 


During the first six months after operation, the majority 
of patients had regained their preoperative weight (Table 
4). Thereafter, nearly 85% weighed within 1.35 kg of their 
preoperative weight. Some patients who weighed less than 
they had preoperatively intentionally lost weight because 
they had been overweight. Only two patients who lost 
substantial weight continue to weigh less than their ideal 
weight. 


Acid Secretion 


The mean inhibition of peak acid output after maximal 
stimulation with betazole hydrochloride (Histalog) (PAO,) 
was 61% and the mean inhibition of peak acid output after 
insulin stimulation (PAO,) was 87% (Fig 4). The degree of 
inhibition for both of these parameters varied little 
between two months and 60 months after operation. The 
mean inhibition of peak basal acid output (PAO,) was 65% 
through the first year. For the remaining periods the 
percent inhibition decreased substantially. This was due 
primarily to one patient having an increase rather than an 
inhibition of acid secretion. This patient had some gastric 
retention and ultimately a recurrent gastric ulcer devel- 
oped. If the results of the basal secretion of this patient 
were eliminated from analysis, the PAO, was relatively 
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Immediately 


Status Postoperative 
Loss < 1.35 kg of pre- No. 11 TS 
operative weight 96 31 48 


Loss — 1.35 kg of pre- No. 24 17 (9) 8 (2) 


operative weight* 96 69 52 27 


*Number in parentheses indicate number of patients below ideal weight. 


PERCENT REDUCTION IN PEAK ACID OUTPUTS IN PATIENTS 
FOLLOWED FIVE YEARS AFTER PARIETAL CELL VAGOTOMY 


PER CENT REDUCTION 


O——O PAO, 
@--@ PAO, CORRECTED 
a—a PAO, 
e——e PAO, 


12 24 36 
MONTHS 


Fig 4.—Average peak acid output basal (PAO,), peak acid output to maximal 
betazole hydrochloride stimulation (PAO,,), and peak acid output to insulin 
stimulation (PAO,) are shown in this figure. Corrected average PAO, is 
calculated by removal of results obtained from the one patient in whom 
increase rather than decrease in basal acid secretion occurred postoperative- 


ly. 


constant during the last four years with the mean inhibi- 
tion of the PAO, for this period being 55%. 

The insulin test was positive in 11 of 32 patients at two 
months after operation. The insulin test after two years 
was positive in 14 of 25 patients and in three of the four 
patients who had recurrent ulcers. It was negative in the 
one patient who required reoperation because of an 
obstructing postbulbar ulcer. Altogether, nine of the 13 
patients with peptic symptoms in Table 1 had a positive 
insulin test whereas only four of 13 patients without peptic 
symptoms undergoing an insulin test at two years had a 
positive test. The inhibition of the PAO, was greater than 
84% in all patients with recurrent ulcer and the inhibition 
of the PAO, was greater than 50% in all patients with 
recurrent ulcer except the one reoperated on. 
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8 (1: 5 (2) 3 (1) 5 (2) 4 (2) 
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VISICK GRADING OF ALL PATIENTS 
AT TIME OF LAST VISIT 


29 @ 5 yrs. 
] @ 4 yrs. 
] @ 3 yrs. 
] @ 4 yrs. 
l e 2 yrs. 
l1 8 1 yr. 
1@2 mo. 


NUMBER OF PATIENTS 


VISICK CLASSIFICATION 
48 6) 


Fig 5.—Classification of results made at 
last time period that each of 35 patients 
were examined. 





Evaluation 

Twenty-nine patients were evaluated at five years. Two 
of them had had antrectomy and B I anastomosis, one for 
recurrent tlcer and one for pyloric obstruction. One patient 
was last evaluated at four years and one at three years. 
Four patients died before the study was completed from 
causes unrelated to ulcer disease. Before their deaths, they 
were last ezaluated one at four years, one at two years, one 
at one year, and one at two months after operation. The 
last patient died of an accidental drowning. The clinical 
status of 33 of 35 patients at the time of their last 
evaluation was considered excellent or good (Fig 5). 
Included in the good results are those patients who 
required reoperation as well as the patients with recurrent 
uleers that healed and remained healed for four years 
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VISICK GRADING OF PATIENTS FOLLOWED FIVE YEARS AFTER PCV 
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Fig 6. —Classification of results made for those | : j interviewed at each time period. 


because of ribus that Merl ae aie at six years. d 
One patient's coadition was a failure because of a gastric - 
ulcer that was recognized at the fourth year. This ulcer - 
persisted intermittently during years five and six. An - 
ope-adon was recommended at the fifth vent but it cat 


rejected. 


An evaluation was made of the patients’ dina a tetas at . 
each time peried (Fig 6). The two Visick IV results 


observed et one year were the patients with recurrent 


ulcers that healed quickly never to recur. They were 
subsequently graded Visick I for the ensuing four years. - 
The Visick IV results at two years were the patients who - 
reqaired reoperztion, one for recurrent ulcer and one for 
pylerie obstruct on. These patients had no further prob- — 
lems and were aso classified subsequently as Visick I. The - 
Visick [II result at two years was a patient (29) with ulcer — 
symptoms bat with no visible ulcer on endoscopy. On the - 


five-rear examination of this patient, a small adenocarci- 


noma at the gastroesophageal cub ^ia Was discovered by i 


endoscepy. 


The two Visicx III results at three years ETTA the- 


above patient (29) and one patient with dumping. At four 
years ther» wer- two Visick III results. One patient (29) 


conzimued zo have ulcer symptoms although no evidence of © 
one was ever seen endoscopically. The other patient had | 
reflas symptoms that were controlled medically. One 


patent at four rears was a Visick IV because of a gastric 
ulcer. He was alse carried as a failure at the fifth year. The 
one Visick II result at year 5 was a patient who subse- 
quently underwent fundoplication for esophageal reflux. 
Twenty-six of the patients were interviewed by inde- 
perdent evaluaters and their evaluations were compared 
with these made on the same patients at the same time by 
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INDEPENDENT 


Er | AUTHOR'S 
C [T EVALUATION 


EVALUATION 


"Ah Hie 
VISICK CLASSIFICATION 


Fig 7. Author s evaluation of results in 26 patients is 
compared with that made by independent evaluators. 


the author (Fig 7). The total number of patients placed in 
the Visick I and II categories was 22 by the independent 
observer and 24 by the author. The results of the two 
evaluations were essentially the same except for one 
failure owing to recurrent gastric ulcer that was unrecog- 
nized by the independent evaluator. 


COMMENT 


These results may be indicative of what the average 
general surgeon may expect to achieve with his initial 


attempts to treat duodenal ulcer patients by PCV. The 


technical aspects of the operation are not difficult to 
"Iu 
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master.'* An important aspect of the operation is to insure 
that all branches of the vagi supplying the parietal cell 
mass are cut without, at the same time, excessively dener- 
vating the antrum. This requires that the terminal 5 em of 
the esophagus be thoroughly mobilized and closely scruti- 
nized for vagus branches. This admonishment was given 
repeatedly by Dragstedt with respect to performing a 
truncal vagotomy and is preserved for posterity in his Cine 
Clinie film made for the American College of Surgeons in 
1953. It is not, therefore, a new concept. It is an important 
technical consideration when performing any type of 
vagotomy but is perhaps of greatest importance when 
vagotomy is done without antrectomy. 

One concern that delayed my use of PCV without 
drainage was the fear of gastric stasis. This complication 
did not materialize as a major problem. Stasis was present 
in the patient in whom a gastric ulcer developed four years 
after operation, and in fact, stasis may have contributed to 
the etiology of the ulcer in this patient. I can attribute the 
stasis that occurred in a second patient to my inexperience 
in judging the adequacy of the pyloric lumen at the time of 
operation. This mistake can be avoided whenever the size 
of the pylorus is in doubt by having the anesthetist pass a 
No. 40F tapered, mercury-weighted bougie through the 
mouth. The surgeon then guides the bougie into the 
duodenum until the maximum circumference of the bougie 
passes the pylorus. If the antrum is left properly inner- 
vated, this maneuver will insure a pyloric lumen of 
adequate size to prevent gastric stasis. 

Uncertainty regarding the margin for error that is 
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adequate secretory inhibition or denervating too little 
stomach to prevent gastric stasis gave me additional 
concern that delayed my using this operation. My results 
demonstrate that it was not an insurmountable problem to 
determine the limits of denervation that would permit 
adequate gastric emptying and at the same time satisfac- 
torily reduce acid secretion. There are various tests devised 
to measure the adequacy of denervation at the operating 
. table. However, if one uses as a landmark the terminal 
braneh of the anterior nerve of Latarjet as it crosses the 
lesser eurvature of the stomach and thoroughly denervates 
the stomach proximally, this leaves 6 to 7 em of innervated 
antrum that is adequate to prevent stasis. 

The principal advantage of PCV without drainage that 
recommends its use over other gastric operations for 
treatment of duodenal ulcer has been the virtual elimina- 
tion of dumping and diarrhea.*'* This observation, which 
has been made by almost everyone that reported his results 
with PCV, is supported by my study. Diarrhea was never 
recorded in more than one of the patients and the frequen- 
cy of dumping for any time period ranged from two to four 
patients. In only one patient and at only one time period 
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1. Johnston D, Wilkinson AR: Selective vagotomy with innervated 
antrum without drainage procedure for duodenal ulcer. Br J Surg 56:626, 
1969. 
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allowable between denervating too much stomach to insure. 


was dumping of sufficient clinical importance to drop the 
Visick grading to III. With this exception, dumping was 
easily prevented by avoidance of milk, sweets, or overeat- 
ing. The reduced frequency and severity of dumping and 
diarrhea after PCV compared with other gastric proce- 
dures is attributed to preservation of an intact pyloroan- 
tral mechanism and the extragastric vagus nerve fibers. 
After PCV, the absence of gastric symptoms usually 
attributed to gastric operations permits patients to ingest 
an adequate caloric intake without fear of undesirable 
consequences. This fact substantially contributes to the 
patients’ ability to maintain their weight, strength, and 
general feeling of well-being, findings particularly evident 
in this study. 

Four patients (11.4%) had recurrent ulcers develop and 
three of these four complications occurred within the first 
two years. In two patients, the ulcers were the consequence 
of aspirin and/or alcohol abuse and healed when the drugs 
were withdrawn. If these two cases are not considered 
conventional duodenal ulcers, the corrected recurrence rate 
is 5.8%. Ferhaps the drugs were more likely to cause 
ulceration in these patients than would have been the case 
if the patients were achlorhydric. On the other hand, the 
healing of these ulcers and their failure to recur in the 
succeeding four years of abstinence emphasizes that the 
objective of ulcer surgery should be to counteract the 
inherent ulcer diathesis and not to prevent drug-induced 
ulcers. Parietal cell vagotomy without a drainage proce- 
dure substantially reduces the acid secretory responses to 
all stimuli out it does not produce anacidity. In the past, the 
excellence of an operative procedure for duodenal ulcer was 
equated wth the production of anacidity. The desirability 
of achievirg anacidity at operation has been related to the 
fact that every operation was potentially an ulcerogenic 
preparation and that the greater the reduction of acid 
secretion, the less possibility there was for a recurrent 
ulcer to develop. We conclude that acid reduction, although 
by no means complete after PCV, is adequate in the 
presence of a normal gastric stoma to allow for an accept- 
able recurrent ulcer rate. One may speculate that avoid- 
ance of profound acid inhibition after PCV is advanta- 
geous in oreventing some of the long-term metabolic 
complications attributed to anacidity following gastric 
surgery. 

The good results reported three years ater PCV without 
drainage’ in my first 35 patients have persisted for five 
years. I would expect that a qualified surgeon doing the 
operation for the first time might anticipate similar 
results. Tkey would probably be better, however, since 
there are zmple opportunities to observe a demonstration 
of the operation, thus making it possible to avoid unneces- 
sary errors in one's early experience that might lead to less 
than satisfactory results. 
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DISCUSSION 


 FnEDERIC& M. Owens, JR, MD, St Paul: I think this operation has 

a plaee im cur range of methods. When I compare Lr Jordan's 
results with the problems that face the patient who aas had an 
antrestomy, | find that the few problems he has ere minute 
compared wità the necessity for antireflux procedures end so forth 
that we so often see in the patients who have had antrectomy. 

One of the questions that I would like to raise is thet I believe, 
Paul, in your statistics, you note ten patients who hav? had some 
esophageal redux. ! find that in doing this procedure ore has to be 
extremely meticulous, and to get a good vagotomy, wœ destroy a 
great deal of the tissue around the gastroesophageal »unction. 

Corsiderable effort, I think, should be made to apprcximate the 
anterer and posterior leaves of the mesentery in the lesser 
curvacure o° the ssomach, but I have had a little preblem with 
reflux and note that you have had some trouble with this also, and 
I would like to know if you have come up with any idezs to reduce 
the refiux problem. Perhaps Dr Hill has some ideas in this respect, 
too. 
Ravmonp C READ, MD, Little Rock, Ark: I doubt whether any of 
us can initielly attain the results that Dr Jordan has obtained in a 
group ef unselected cases where he has operated on petients with 
perforated uleer, and patients with bleeding ulcer as well as those 
with chronic and acute ulcerations. I think his results are excel- 
lent. 

Like Dr Owens, [ noticed his patients had a little problem with 
reflux. I kncw he is concerned about the esophagitis in -hese cases. 
He came over amd demonstrated the operation to us and he 
carefally reapproximates the structures and plicates part of the 
esophagegastric janction after he has finished his meticulous 
disseetion. | would like to have him expand on that. 

There is ro question that if this operation can be used to prevent 
the u cer diathesis in those patients with complicated ulcers, those 
patients are much better off from the point of view of the long 
term than if they have truncal vagotomy, which most of us 
perfarm. I think te only question is: Can we all do ths operation 
satistactori y” | 

The ether complication that he had, it seems tc me, is an 
increased instance of gastric ulceration after this procedure, which 
is reminiscent of the original work of Dragstedt and )wens with 
transthoracic vagstomy, and it suggests that in some of these 
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people, the stomach does not drain properly. 

DR JoRDAN: Dr Owens pointed out the fact that I have had 
problems with reflux. There has been a lot of discussion about not 
dissecting out enough of the distal esophagus and that this is why 
recurrences happen. It is interesting that, in 1953, when Dr 
Dragstedt made his movie, he demonstrated in his technique that 
you had to clear off the distal 2 in of the esophagus and get all the 
vagal branches. Two inches is 5 em, and that is what people say you 
must do for a successful vagotomy. Thus, this concept has been 
around a long time like the wheel, and we are just relearning that 
the distal esophagus must be meticulously dissected to insure an 
adequate vagotomy. 

It seems to me that whenever you do an adequate vagotomy, you 
must, by necessity, disrupt a lot of the anatomy in that area. When 
Dr Condon and I presented our prospective study in evaluating 
two other operations, we noted that the incidence of reflux was 
substantial; so it doesn't surprise me that I have reflux after this 
operation. It is not quite as high as Dr Owens said. I didn't have 
ten of 35. I think it is four of 35. Nevertheless, that is a signifieant 


problem. I am continuing my present technique because I havea 


prospective study going and I don’t want to alter the technique in 
midstream. 

However, in patients that are not in this study, I have been 
doing a posterior gastropexy and what I think is a Hill operation 
but, at any rate, is a fundoplication. I have been criticized for that, 
but it is an easy thing to do, and this is how I am trying to prevent 
reflux that may occur in these patients. 

In regard to the complication of gastric ulcer, I think Dr Read is 
right. In the recurrences that are reported around the world, about 
half of them do occur in the stomach. It does make you think that 
maybe there is some problem of emptying that is responsible, but 
as far as we are able to tell, these patients empty better than those 
patients that have had a selective vagotomy, antrectomy, and 
BI operation. 

It may be that in the occasional patient in whom a gastric ulcer 
develops, the pylorus is a little too tight or that you denervated a 
little bit too much of the antrum. With practice, maybe you will get 
better so that this is less likely to occur. We will have to wait and 
see. 
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Effective Surgical Therapy of Esophagitis 


Experience With Belsey, Hill, and Nissen Operations 


Lelan F. Sillin, MD; Robert E. Condon, MD; Stuart D. Wilson, MD; Leonard W. Worman, MD 


* During the years 1971 to 1976, 252 patients needed surgical 
treatment of primary or secondary esophagitis. Major operations 
performed were 73 Belsey Mark IV repairs, 55 Hill repairs, and 
129 Nissen repairs. In the group with primary reflux, barium 
swallow tests and endoscopy were useful in confirming the 
diagnosis in patients with typical symptoms; routine biopsy, 
lower esophageal sphincter, manometry or an acid infusion test 


did not add to diagnostic certitude. If symptoms were atypical, a 


biopsy was helpful but manometry and acid infusion were not. 
Mean symptom scores in this group of patients were improved by 
each of the "valve-building" operations. Intraoperative dilation 
after mobilization of the esophagus coupled with a valve-building 
operation was successful in managing 26 of 29 strictures. 
Reoperation after an operation failed carried appreciable 
morbidity and mortality but resulted in good control of symp- 
toms. Addition of a Belsey or Nissen procedure to myotomy for 
management of primary esophageal motility disorders dimin- 
ished symptoms and did not cause disabling obstruction. 


|». (Arch Surg 114:536-541, 1979) 


T hree major developments in the past quarter century 
have greatly improved the prognosis for surgical 
therapy of reflux esophagitis. The first development was 
the recognition by Allison’ that it was reflux of gastric 
content into the esophagus rather than the presence of a 
sliding hiatus hernia that was responsible for the develop- 
ment of esophagitis and inflammatory stricture. The 
second development, best exemplified by the work of 
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Ingelfinger" and of Code,’ was the introduction of mano- 
metric techniques permitting more precise definition both 
of normal esophageal motor function and of the abnormal- 
ities associated with reflux esophagitis. The third, and 
perhaps most important, development was the introduction 
of operative techniques by Nissen,’ Belsey,’ and Hill^ that 
effectively stop reflux of gastric content into the esopha- 
gus. Although these "valve-building" operative procedures 
differ in technical details, they all seem to succeed because 
an intra-abdominal segment of esophagus is partially or 
completely encircled by gastric fundus. 

Although the efficacy of surgical treatment of reflux 
esophagitis is well established, discussion continues 
concerning the utility and appropriate application of vari- 
ous diagnostic tests and the relative results of the several 
operations. In addition, there are differences of opinion 
among surgeons about management of inflammatory 
strietures secondary to reflux and about the need for 
operative control of potential reflux in the management of 
disorders, such as achalasia, that are primarily character- 
ized by disturbed motility. We report our experience with 
the surgical treatment of esophagitis and its complications, 
focusing particularly on these considerations. 


SUBJECTS AND METHODS 


Between January 1971 and December 1976, 264 operations on 
patients needing surgical treatment of primary or secondary 
reflux esophagitis were performed in the General and Thoracic 
Surgical Services of the Medical College of Wisconsin Affiliated 
Hospitals, Milwaukee. Patients have been followed up by exami- 
nation and chart review for up to seven years; the mean period of 
follow-up was 48 months. 

There were 196 operations performed for treatment of primary 
reflux esophagitis unresponsive to nonsurgical treatment. The 

"primary refiux” classification indicates patients with reflux not 
complicated by stricture or major motility disorder undergoing 
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Fig 1.—Preoperative severity of symptoms in patients with primary 
reflux potted agains lower esophageal sphincter (LES) pressure. 
There is no correlation (° = .003; P > .30). 


initial smrgical *herepy. Among the patients with primary reflux, 
168 had substernal s -mptoms, usually described as “heartburn,” or 
regurgitation of gastric content into the pharynx; these patients 
are classified as havmg "typical" symptoms. The other 28 patients 
in this group had a variety of symptoms but did not complain of 
either heartburn or regurgitation and are classified as having 
“atypice!” symptoms. 

A noudilatable irdammatory stricture associated with reflux 
esophagitis was present in another 29 patients; 28 patients were 
treated in whom a previous operation had failed and symptoms of 
reflux had recarred; 14 patients had achalasia or a collagen disease 
requirimg esophageal myotomy and an antireflux operation also 
was performed. 

The gperat.ve techniques used included 129 Nissen repairs, 73 
Belsey Mark IV repairs, and 55 Hill repairs; seven patients had 
other, =s well-defmed operations. The decision regarding the 
type of eration used was based on the personal preference of the 
surgeon. ` 

Preocerative and postoperative symptoms evaluated were typi- 
cal heartburn, regurgitation, dysphagia, dyspepsia (including 
atypica epigastric eomplaints), vomiting, and bleeding. Within 
each of these symptom categories, complaints were graded on a 
scale of from 0 to 3 ss follows: symptom absent, 0; mild symptoms, 
1; moderate symptcms, 2; severe or disabling symptoms, 3. Bleed- 
ing was graced in severity as absent, 0; occult blood in stool, 1; 
anemia (hematocri. level < 35%), 2; overt hemorrhage, 3. The 
grades assigned to each category of complaints were added to 
provide am overall semptom score with a potential scale range of 0 
to 18. 

Esopragitis observed during endoscopic examination was 
graded-en a scale oz from 0 to 4 as follows: esophagitis not visible, 
0; inflammation oniy, 1; pseudomembrane present, 2; superficial 
ulcerat on, 3 large(>1 cm) or deep (penetrating submucosa) 
ulceration, 4. Esophageal strictures were classified as nondilatable 
if bougienage of tae esophagus could not be accomplished to a 
diameter (8 mm) sufficient to pass the pediatric flexible endo- 
scope. strictures though which an endoscope could be passed, with 
or without bougiemage, were classified as dilatable. Esophageal 
biopsy specimens were obtained using a 2-mm diameter cup biopsy 
foreep- passed through the flexible endoscope. Diagnoses of 
achalasia, scleroderma, or dermatomyositis were made on the 
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Table 1.—Mean Symptom Scores in Patients With 
Primary Reflux Esophagitis 





No. of 
Operation Patients Preoperative Postoperative P 
Belsey 55 6.6 2.1 < .01 






Hill 46 6. « 01^ 


5 1.5 
Nissen 89 6.8 0.8 « .01 
6.2.55 1.4 ; 





All patients 190 < .01 


Table 2.—Change in Lower Esophageal Sphincter 
(LES) Pressure With Antireflux Operations 






LES Pressure* 







Operation 
Performed Preoperative Postoperative 
Belsey 18.4 + 11.8 (27) 23.7 + 11.7 ( 9) 






Hill 13.5 + 9.5 (14) 155 + 7.9( 6) 


Nissen 10.6 + 6.6 (45) 20.1 + 10.3 (23) 





*Mean - standard deviation (number of observations). 


basis of appropriate clinical findings, confirmed when needed by 
biopsy and by abnormal esophageal manometry. 

Manometrie examinations of the esophagus were carried out 
using a perfused triple lumen catheter and pull-through technique' 
with and without an acid load (300 mL of 0.1N hydrochloric acid) in 
the lumen of the stomach. Radiologie examinations were 
conducted with particular attention to the presence or absence of 
normal peristalsis, reflux in the upright position, abnormal motor 
function evidenced by simultaneous contractions, spasm or similar 
features, stricture, web or ring, dilation proximal to an apparent 
obstruction, and hiatus hernia. 

The acid infusion test was performed by randomly infusing 0.1N 
hydrochlorie acid or saline solution and noting the spontaneous 
symptomatic complaints of the patient." The acid clearing test was 
performed by noting the number of swallows needed for the 
esophageal pH to return to above 5.0 after placement of 15 mL of 
0.1N hydrochloric acid in the lumen of the distal esophagus." 

In view of the skewed data, interval variables were tested using 
nonparametric tests. Paired comparisons were made by the 
Wilcoxon rank sum test and unpaired comparisions by the Mann- 
Whitney U test. Nominal data were compared using the x^ test 
except where subsets involved small numbers, when probability 
was determined by Fisher’s exact test. 


RESULTS 
Primary Esophageal Reflux 


Of the 196 patients with primary reflux esophagitis, 168 
had typical symptoms of heartburn or regurgitation. In 
this subgroup, the results of the preoperative barium 
swallow test were abnormal, showing reflux, hiatus hernia, 
esophageal ring, or a short esophagus in 98% (162/166) of 
the examinations. The results of endoscopic examination of 
the esophagus in this subgroup were abnormal, showing a 
hiatus hernia, esophagitis, Barrett’s esophagus, or a dilat- 
able stricture in nearly all patients (150/153). Results of a 
routine biopsy of esophageal mucosa were abnormal in 53 
(58%) of 91 instances. Pressure in the lower esophageal 
sphincter (LES) was abnormal (< 11 mm Hg) when 
measured by manometry in 44 (52%) of 84 instances. The 
acid infusion test had abnormal results in 51 (73%) of 70 
instances and the acid clearing test had abnormal results in 


Surgical Therapy of Esophagitis—Sillin et al 537 


at Si 2 


ah 
i we 


24h db OT" 


3 








24 oS 
4j Į 


py 
"w^. 
E; 

i 

K 
E" 
| 
" 


: 
3 


Ww 
~ 
ae 
[3 
7 
P 





IUS VASE Se f p ERANA aT NT E AD 
, » 3 y ~ E > y s 


LES 
PRESSURE 
(mmHg) 


POST-OP 





Fig 2.—Paired preoperative and postoperative lower esophageal 
sphincter (LES) pressures in 22 patients having antireflux opera- 
tions for primary reflux. Most patients had increase in LES 
pressure postoperatively correlating with symptomatic improve- 
ment; occasionally, patients had a decrease in pressure that was 
not associated with failure of treatment. 


27 (45%) of 60 instances. 

In the 28 patients with atypical symptoms, the results of 
the barium swallow test were abnormal in 24 (92%) of 26 
examinations, and the results of endoscopy were abnormal 
in 25 of 26 examinations. Results of a biopsy were abnor- 
mal in 11 of 12 tests; the results of manometric measure- 
ment of LES pressure were abnormal in only one of six 
patients tested. The results of the acid infusion test were 
abnormal for only one of three patients examined and the 
results of the acid clearing test were abnormal in only two 
of seven tests performed, but demonstration of sponta- 
neous or induced reflux by simple measurement of intralu- 
minal esophageal pH was positive in five of seven 
instances. 

Analysis of symptom severity that compared symptoms 
with either endoscopic severity of esophagitis or manomet- 
ric measurement of LES pressure showed no correlation in 
either instance (P > .30) (Fig 1). There was weak correla- 
tion between severity of esophagitis judged endoscopically 
and LES manometry (7? = .11; P — .01). 

In patients with primary reflux esophagitis, the mean 
symptom score was improved significantly by each opera- 
tion (Table 1). There were no differences between the three 
operative approaches in terms of overall improvement in 
symptoms, although patients having a Nissen procedure 
had a greater absolute improvement in symptom score. 
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Table 3.—Failures of Treatment* 











Overall 

Belsey Hill Nissen Results 
Operative ———— — aa 
Group Ni Fi N F N F N F 
Primary 
reflux 55 10 46 6 89 7 190 23 
Stricture 8 3 4 0 17 4 29 7 
Reopera- 
tion 6 1 5 2 17 2 28.5 
Achalasia/ 


collagen 


*Failure of treatment includes death, need for reoperation, no improve- 
ment postoperatively in symptom score, and presence of any disabling 
(score 3) symptom postoperatively. | 

TN indicates total number of patients; F indicates number of patients 
classed as failure of treatment. 


Mean LES pressure was increased after each of the three 
operations (Table 2, Fig 2). The postoperative LES pres- 
sure correlated with improvement in symptoms (P < .02). 

The intraoperative morbidity due to visceral injury or 
excessive bleeding were Belsey, 7%; Hill, 9%; and Nissen, 
32%. The major cause of intraoperative morbidity asso- 
ciated with the Nissen repair was unplanned splenectomy. 
The postoperative morbidity, due to infection, dehiscence, 
leak, bleeding, ileus, and pulmonary embolus, were Belsey, 
20%; Hill, 22%; Nissen, 22%. Two of 46 patients on whom a 
Hill repair was done and one of 89 on whom a Nissen repair 
was done died postoperatively; there were no deaths 
among the 55 patients on whom a Belsey procedure was 
performed. Failures of treatment are recorded in Ta- 
ble 3. 


Nondilatable Stricture 


Initial barium swallow examination showed a stricture, 
ring, or web in 53 patients. But when examined endoscopi- 
cally, 11 patients had no obstructive lesion at all and 
dilation was easily done on an additional 21 patients so that 
their radiologically seen stricture was not clinically impor- 
tant. In addition, eight patients had nondilatable strictures 
identified during endoscopy that had not been apparent on 
barium swallow exmaination. 

Of the 29 patients found to have a nondilatable stricture 
during preoperative endoscopy, 27 (938%) complained of 
dysphagia; in 15 patients (52%), obstruction to swallowing 
of liquids was present. Biopsy specimens of the stricture 
showed esophagitis in only 16 patients. Two patients in this 
group had had a prior operation that had failed to control 
their reflux esophagitis, and one patient had dermatomyo- 
sitis. | 

The operative approach in this group of patients 
involved initial dissection and mobilization of the esepha- 
gus to include the region of the stricture. Intraoperative 
dilation of the mobilized esophagus then was carried out by 
intraluminal rubber bougies to a diameter of 40 F or 
greater. After successful intraoperative dilation of the 
stricture, one of the three valve-building operations was 
done. Intraoperative morbidity due to unplanned splenec- 
tomy invclved two patients; the postoperative morbidity 
was 34%; there were no deaths in this group. Failures of 


Surgical Therapy of Esophagitis—Sillin et al 


Table 4.—Mean Symptom Scores in Patients Wi*h 


Nondilatable Stricture - 





No. ef 


2atiemts Preoperative Postoperative 


Operation P 


treatment are recerded in Table 3. 

Esophageal dilacions needed to be continued pestopera- 
tively im some patients for periods up to three months. 
However, ovr «erative approach was permanently 
successful in 26 ef 29 patients in this group in whom a 
functional esophagus has been maintained during the 
follow-ap period without recurrence of the stricture. 
Esophagitis abser-ed endoscopically was reduced (preoper- 
ative score, 2:9; pestoperative, 1.2; P < .02). Postcperative 
symptems also were diminished (Table 4). 

Three patients, all of whom were psychotic, hac persist- 
ence of their stric-ure. Two have had a colon interposition; 
the other patient has been managed by intermittent 
dilation whenever dysphagia recurs. 


Reoperations 


Reoperation af-er a failed operation was required in 28 
patients during the period under review. The preceding 
operation that hae failed included ten Allison repairs, eight 
Belsey repairs, foar Nissen repairs, three Hill repairs, and 
three eperations that could not be easily classified. In one 
patient, operative control of reflux esophagitis 1ad been 
attempted three times earlier; in another patent, two 
previous surgical repairs had been done. Because of adhe- 
sions, scarring of zhe esophageal wall, and anatorric distor- 
tion im the regiom of the esophageal hiatus, reoverations 
were technically semanding. The morbidity of re j)peration 
(infection, hemorrhage, leak, gastric atony, palmonary 
embolus) was appreciable; seven of the 28 patierts in this 
group sustained a major intraoperative or postoperative 
complication (25% morbidity). One patient died (4% mortal- 
ity) as a result of complications. Symptoms of esophageal 
reflax were comsiderably diminished after successful 
reoperation Tabe 5). Failures of treatment are recorded 
in Table 3. 


Achelasia and Collagen Disease 


There were 14 patients in this group; nine had achalasia 
and five had scleroderma or dermatomyositis. All patients 
with achalasia had an esophageal myotomy comtined with 
an antireflux procedure, three of the patients wita collagen 
disease had a myotomy, and all five received an antireflux 
procedure as part of their operative therapy. All patients in 
this group kad abnormal esophageal peristalsis preopera- 
tively. and this finding persisted postoperatively. The 
degree of dysphagia had been severe and disabl ng preop- 
eratively in nine patients in this group; only two patients 
contimued te complain of dysphagia postopera-ively and 
they responded readily to esophageal dilations. Mo signs or 
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Table 5.—Mean Symptom Scores in Patients Requiring 
Reoperation 













No. of 
Operations Patients Preoperative Postoperative P 










Table 6.—Symptom Scores in Patients With Achalasia 
or Collagen Disease 











No. of 
Operation Patients Preoperative Postoperative P 






Belsey 7 9.0 3.6 
Nissen 7 7.0 0.7 
All patients 14 8.0 2.1 P< .01 


symptoms of reflux or worsening of esophagitis developed 
postoperatively. Overall, symptoms in this difficult group 
of patients were diminished postoperatively (Table 6). 


COMMENT 


When treating a patient complaining of symptoms 
suggestive of reflux esophagitis, the surgeon is faced with 
a plethora of tests that purport to help establish the 
diagnosis. The question is which of these expensive and 
uncomfortable tests are required when establishing the 
diagnosis or deciding to recommend operative manage- 
ment of reflux. We have found in patients with typical 
symptoms of reflux esophagitis that a barium swallow test 
is helpful, as it defines the geography and function of the 
esophagus and provides needed information regarding the 
stomach and the duodenum as well. Upper gastrointestinal 
(GT) endoscopy also is a helpful examination, which 
confirms or more clearly delineates findings of the barium 
swallow test and also gives essential information regard- 
ing the presence and severity of esophagitis. Endoscopy 
also affords an opportunity to examine directly the rest of 
the upper GI tract for pathologic conditions that may be 
contributing to the patient’s symptoms and that may 
influence the ultimate choice of treatment. This examina- 
tion is of absolute necessity when a patient has overt 
hemorrhage. 

Other diagnostic tests failed to contribute substantially 
to the establishment of the diagnosis or to a decision 
regarding operation in patients with typical symptoms of 
primary reflux. In particular, the acid infusion (Bernstein) 
and acid clearing tests have simply caused unnecessary 
patient discomfort while failing to contribute to diagnostic 
certitude. Despite the fact that much enthusiasm has been 
generated for measuring LES pressure on the ground that 
patients with reflux tend to have a low LES pressure, we 
found this test to be of little diagnostic aid. Many of our 
patients with severe symptoms of advanced esophagitis 
had a normal LES pressure (Fig 1). We did discern a 
correlation between a reduced LES pressure and the 
severity of endoscopic esophagitis; but, in a clinical setting, 
this investigation contributes little to confirming the 
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obvious diagnosis of the patient's condition. Esophageal 
cup forcep biopsy specimens taken at the time of endosco- 
py in patients with typical symptoms failed to contribute 
to establishing the diagnosis. However, these specimens 
were not obtained using the suction biopsy technique 
described by Ismail-Beigi and co-workers." 

In patients with atypical pain, barium swallow tests and 
upper GI endoscopy both are reliable tests for confirming a 
diagnosis of reflux esophagitis. There were a few cases in 
patients with atypical symptoms in which the diagnosis of 
reflux esophagitis was not clearly established by the 
barium swallow test or by upper GI endoscopy. Confirma- 
tion of the presence of esophagitis by biopsy and of reflux 
by intraluminal pH monitoring was helpful in these 
patients. However, routine manometry, acid perfusion, and 
acid clearing tests were not helpful in our experience. 

In general, we found that the barium swallow test and 
upper GI endoscopy are sufficient investigations to estab- 
lish the diagnosis in the majority of patients with primary 
reflux esophagitis, whether their symptoms are typical or 
atypical. In the small group of patients with atypical 
symptoms for whom the diagnosis of their conditions is 
still unclear after these two examinations, biopsy and 
esophageal pH monitoring appear to be of great aid. 

The conditions of patients with primary reflux esophagi- 
tis improved as a result of operation. Each of the three 
operations (Belsey, Hill, Nissen) produced a considerable 
reduction in symptoms. In our hands, the Nissen repair 
produced the greatest absolute reduction in symptoms and 
the larg est postoperative elevation of esophageal sphincter 
pressure. There was no difference between the three 
operations in postoperative morbidity or mortality. The 
Nissen repair had the lowest failure rate. 

In our group of patients with nondilatable stricture, 
mobilization of the esophagus and intraoperative dilation, 
combined with an antireflux procedure, provided great 
relief of symptoms in the majority. This mode of therapy, 
rather than plastic reconstruction" or resection of the 
stricture’ should be the initial treatment of this problem. 
Herrington et al? suggested that almost all benign esoph- 
ageal strictures can be treated with intraoperative dila- 
tion, and our experience confirms that opinion. Patching, 
resecting, or interposing intestine should be reserved for 
extraordinary cases in which previous attempts at simpler 
treatment have failed. 

An interesting observation within the group of patients 
with nondilatable strictures concerns the fallibility of 
roentgenographic identification of a stricture. Only 40% of 
those patients whose barium swallow test results were 
interpreted as showing an esophageal stricture actually 
had a nondilatable stricture when examined by endoscopy. 
The presence of a stricture or web on performance of a 
barium swallow test is not a reliable indicator of fixed 
esophageal obstruction. It also should be emphasized that 
although esophageal biopsy is not particularly useful in 
confirming the diagnosis of esophageal reflux, biopsy 
combined with brushing for cytologic findings is essential 
in patients with apparent esophageal stricture to rule out 
the presence of carcinoma. 
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Both Hill" and Skinner et al? commented on the 
technical difficulties in treating patients who have had a 
previous operation that has failed. Reoperation in our 
experience carries an appreciable morbidity of 24% (7/28) 
and a notable mortality of 4% (1/28). However, the 
improvement in symptoms resulting from successful 
reoperation is great and justifies the risk. In contrast to 
Skinner and co-workers, we did not find it necessary to 
resect the esophagus or interpose bowel during initial 
reoperation in any of our patients. 


Achalasia and Collagen Disease 


Menguy“ has pointed out that the incidence of reflux 
esophagitis after the performance of Heller esophageal 
myotomy for achalasia ranges between 4% and 25%. Many 
surgeons have combined an antireflux procedire with 
myotomy when surgically treating achalasia, although 
Ellis and Gibb" reported that this combination of opera- 
tions occasionally results in the development of obstructive 
dysphagia. They strongly suggested that the combination 
of a Heller myotomy and a valve-building, antireflux 
operation should not be used. In our experience, however, 
this combined operation did not produce worsening of 
symptoms and did prevent reflux. 


Iain Kidsen, FRCS, provided assistance with statistical analvsis. 
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Discussion 


Lucius D. Hinr III, MD, Seattle: I note that the 20% to 22% 
complication rate is a bit high, but it is gratifying that the authors 
find that all of the currently used antireflux operations are 
effective. Leoking at the results, I am reminded of the peper that 
Dr DeMeester gave, in which he randomized the three procedures 
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just listed. However. he had done our procedure over a No. 36 F 
tube with no real effort to calibrate the cardia. He and I agreed 
that this has no welevence to the posterior gastropexy that we have 
described. I tried to persuade Dr DeMeester to repeat the random- 
ization and perkaps ke will do our procedure as we described it. I 
wonder if in DrCon-on's group a similar approach has been used 
with the posterior gustropexy. 

It is so imporzant to do the operation as the authors do it. We 
have had the privileze of watching him do the highly selective 
vagotemy. I cam assare you that in his hands the results will be 
good. The meticulous, careful dissection is done as only he can do 
it. Hopefully, the authors will tell us how the posterior gastropexy 
was done in taeir series. 

Another very gratifying part of their report, however, details 
the results that they have achieved in nondilatable strictures. 
When we firsz neported this, we received some criticism when we 
said that nondilatable stricture will heal with an antireflux 
procedure if -t is dene effectively: I think you have seen a clear 
demonstration nere that 26 of 28 of their nondilatable strictures 
did heal with an adequate antireflux procedure. 

Davin B. SkINNES, MD, Chicago: This article was somewhat 
misleadime, so F would like to make a few comments and ask a few 
questions. [n terms of diagnosis, we are told that the barium 
swallew amd endoscepy were 98% abnormal, but we were not told 
what abnermal was. Most people who have tried to diagnose reflux 
rather than hiatal hernia have found that the barium swallow is 
abnormal in showing spontaneous reflux in only about 40% of all 
cases. Abnormal resalts of a barium swallow test showing a hiatal 
hernia does not prowe reflux and should not be used as a criteria 
for making :he diagnosis. The same is true with endoscopy. 
Cigarette smoking and alcohol ingestion are the most common 
causes today o^ mild esophagitis. A biopsy specimen that shows 
some thinning of the mucosa and meets the pathologist's criteria 
for esophagi-is, in the absence of visible ulceration, is a very 
nonspecific fmding and may have no relationship at all to the 
diagnosis of -eflux. 3o, I would seriously challenge the statement 
that 98% of tasse cases can be diagnosed by barium swallow tests 
and endoscopy alone. 

If you eliminate those two tests as being nonspecific, then the 
authors did show that 80% of their cases did have a positive 
standard acid reflux test, which is about the same figure that we 
get. We would study the other 20% with the more sensitive 24-hour 
pH monitoring to establish the diagnosis. 

The second part that I think is misleading is to report results 
with average seore ander a Visick classification. We know that the 
patients whe are re ieved of reflux will get better and have a drop 
in their score. but what we really want to know is how many 
patients or what preportion of the ones operated on got better, and 
how many operative failures there were. It is an all-or-none 
phenomenon im curing this problem with surgery, so average 
symptom scores do not mean much. 

There were 27 patients in this series with failed operations. 
Were these 27 all patients who were primarily operated on in the 
series? If so that made the failure rate somewhere around 10%, 
but again we were not given that figure. 

Dr Cannon: The complication rates of the order of 20% to 22% 
are idemtiezl among the three operations. We have defined 
complications in very rigid terms; essentially, if you do not get 
well without any problem at all, you are listed as a complication. 
We inc'udec such things as urinary tract infections and similar 
matters postoperatively; what we were trying to do is to identify 
every patiert who nad any sort of a postoperative complication. I 
think with -hat kind of all-inclusive definition, approximately a 
fourth or a 3fth of all patients having some kind of complication 
really is not too bad. 
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How do we do the operation? All of the Hill procedures were 
done by Dr Wilson; I believe that he does them as you do them, but 
he does not measure sphineter manometry intraoperatively, which 
is the latest wrinkle or modification of the Hill procedure. 
Remembering that these cases are from 1971 through 1976, I do 
not think that Dr Wilson has had an opportunity to add the latest 
modification of the Hill procedure to his repertoire. 

We were very gratified to find that strictures that could not be 
dilated preoperatively could be dilated intraoperatively. We 
defined a nondilatable stricture as one that could not be dilated so 
that we could pass the pediatric flexible endoscope, which is 8 mm 
in diameter, through the stricture. We believe that if you can 
dilate a stricture preoperatively to that size, then you could 
probably dilate it up easily after performing a valve-building 
operation. Ours is a reasonable definition of nondilatable stricture. 
It is quite clear that, for most patients, mobilization of the 
esophagus and the stricture from the bed of periesophageal 
inflammation then permits successful intraoperative dilation that 
is maintained postoperatively. 

The three failures, interestingly enough, were all patients with 
serious mental disease. As you know, many patients may require 
dilation postoperatively for a period of several weeks until all of 
the inflammation in their esophagus settles down. These patients 
went back to their neuropsychiatric facilities and did not have the 
benefit of regular dilation in the very early postoperative period, 
which may have contributed to persistence of recurrence of their 
stricture. | 

Dr Skinner, I do not think our presentation is misleading. Our 
focus was on how much data you must have to be comfortable 
about making a decision to operate on a patient. Now, our 
gastroenterologists refer patients to us for operation who I think 
have had too many examinations. We are reacting to that situa- 
tion, remembering that these examinations are uncomfortable for 
patients and that they are not cheap. 

Are all the available tests really needed in every patient? Does 
every patient have to run through the full gamut of diagnostic 
tests even when a physician can predict in so many patients what 
the result of that test is going to be? What we are saying is that 
for most reflux patients, and particularly for those with typical 
symptoms, establishing the fact that they have an abnormality on 
barium swallow test such as demonstrable ulceration, abnormal 
motility, a short esophagus, an esophagus with a strieture, or 
spontaneous reflux in the presence of a hiatal hernia is the first 
step. One moves on from that to endoscopy. which confirms the 
presence of visible esophagitis, inflammation, pseudomembranes, 
or ulceration, and is then in a position to say very comfortably in 
most instances: Yes, this patient has reflux esophagitis. If nonop- 
erative management has failed, I feel quite comfortable in going 
ahead with an operation. 

There is a small group of patients who do not have typical 
symptoms and in whom the findings from barium swallow test 
and endoscopy may not be abnormal. In that group, we found a 
biopsy specimen to be most helpful in confirming the actual 
presence of esophagitis. The other tests were really only helpful in 
so very, very few patients that I do not think they should be 
applied as a routine. 

We defined as a failure any patient who died, any patient 
needing a reoperation, any patient who had a single severely 
disabling symptom after his operation, or any patient who failed 
to have notable lessening in symptoms. Using that basis, the 
failure rate is 12%. Most are technically related; some of them are 
related to the status of the disease in the esophagus. Obviously, if a 
physician treats an already-ravaged esophagus, it is never going 
to work as well as one treated reasonably early in the course of 
reflux disease. 
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Reoperation for Disruption and Recurrence 


After Nissen Fundoplication 


Lucius D. Hill, MD; Riivo Ilves, MD; John K. Stevenson, MD; Joseph M. Pearson, MD 


@ This report deals with 25 failed Nissen operations. A method 
of classifying the type of failure is presented. Manometric studies 
document disordered motor activity in ten of these patients with 
return to normal activity after rerepair. With these difficult 
patients, intraoperative manometrics allowed a satisfactory anti- 
reflux barrier to be created with posterior gastropexy. Good to 
excellent results were achieved in 22 of 24 patients. A search of 
the world literature is presented with complications ranging from 
the well-known “gas-bloat’’ syndrome to potentially lethal fistu- 
las. 

(Arch Surg 114:542-548, 1979) 


poradie reports of failed Nissen fundoplications have 
appeared in the world literature, but, as far as we 
know, no large series dealing specifically with failure of 
this operation has been reported. With the increased usage 
of this procedure, it seems important to draw attention to 
the serious complications associated with the fundoplica- 
tion. The patients presented in this study required reoper- 
ation for serious complications associated with Nissen 
fundoplication. Patients who require reoperation represent 
only a fraction of the patients who have trouble after this 
procedure. The "gas-bloat" syndrome emphasized by 
Woodward et al' has been commented on by many 
surgeons who use the fundoplication. The recurrence rate 
as emphasized by Mokka et al, as well as others, ranges up 
to 18% for a period of 4% years. Gastric ulcers in the 
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fundoplication along with inability to vomit have also been 
reported. Whereas these complications may be trouble- 
some, only a small percentage of them require reoperation. 
In this study, emphasis is placed on the complications that 
seem to be specific to the Nissen fundoplication and are 
uncommon or nonexistent in other antireflux operations. 


SUBJECTS AND METHODS 


One hundred seventy patients with recurrent or failed hiatal 
hernias have had reoperation at the Virginia Masor Medical 
Center, Seattle. Among these, 40 were said to have had a Nissen 
fundoplication. A critical review of the operative reports, however, 
indicated that 15 of these had combined antireflux procedures 
whereas in 25 patients a Nissen fundoplication was the sole 
antireflux operation. These 25 patients had had a total of 44 
previous upper gastrointestinal (GI) operations done elsewhere. Of 
these, 36 were antireflux procedures and eight were vagotomies 
and drainage or gastric resections. Twenty-three patients had 
undergone Nissen II fundoplications whereas two patients had 
had a Nissen I anterior gastropexy. The data on these two 
operations will be discussed separately. The number of previous 
antireflux operations ranged from one to three. The Nissen 
procedure was the final operation prior to being seen here. Earlier 
repairs in these patients included three Belsey operations and 
three Allison repairs, which included one patient with two previous 
Allison repairs, before Nissen operations were undertaken. The 
majority of these operations were performed by board-certified 
surgeons at university centers. 


Symptoms 


Preoperatively, all patients had symptoms of heartburm, reflux, 
and/or dysphagia. Half of the patients had dysphagia. This high 
incidence was due to stricture in nine and esophagitis in three. 
Fifteen patients were demonstrated to have a motility disorder on 
manometric studies. Ten of these represent, as far as we know, a 
previously undescribed motility disorder that seems to be asso- 
ciated only with failed hiatal hernia operations, particularly the 
Nissen fundoplication. Some degree of dysphagia was present in 
all of these patients but was serious in only five. Weight loss of up 
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Fig 1.—Patulcus or incompetent repair in 
which there has been failure to construct 
adequate barrier to flux at original oper- 
ation. Arrow indicatss reflux. 


to 22.6 kg occurred n four patients. Three had recurrent aspira- 
tion. Four patients Fad bleeding, one with hematemesis, two with 
melena, and one with profound anemia. 


T»pes of Nissen Failures 


Previous attempts to classify Nissen failures" have used a 
numerical designati»n. A classification based on the anatomical 
and funetionel dera-gement would seem to be simpler and more 
easily understeod; -hus, the types of fundoplicatien failures 
encountered in this study (Nissen II) will be detailed accordingly. 
The mos: common fzilure of the Nissen fundoplication seen by us 
is the patulous or i:competent repair in which there has been & 
failure to construct an adequate barrier to reflux at the original 
operation (Fig 1). At reoperation, the wraparound was complete 
and in place but was grossly petulous and usually admitted three 
fingers into tae esozhageal introitus or lumen. The eight patients 
in this group had se~ious reflux and varying degrees of esophagitis 
and strieture. 

Six patients were shown to have classical slipped Nissen repairs 
with the wraparourd having slipped down to encircle the body of 
the stomach with a partially o»structed gastric pouch above (Fig 
2). Slippage of the Sundoplicat on results from failure to incorpo- 
rate the esopnagus 3 the plication sutures or failure to incorporate 
enough esophageal vall in the sutures to hold the plication in place. 
Fear of fistula formation is real and has been reported, particu- 
larly by Burnett et al^ This undoubtedly prompts some surgeons 
to either avcid esophageal sutures or to include too little of the 
esophagus ir the p cation. | 

Disruption ef the fundoplication occurred in six patients. Of 
these, five were complete (Fig 3) and one was partial or incomplete 
(Fig 4). The disrup~on occurs as a result of the sutures pulling out 
of the seromuseula™ layer of the stomach as well as the esophagus. 
With a partial diseuption, th» pouch above the disruption may 
behave similarly tc that of the slipped Nissen fundoplication with 
the undisrupted pertion of the wraparound partially obstructing 
the stomach. 
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Fig 2.—Classical slipped Nissen repair with wraparound having slipped down to encircle 
body of stomach with partially obstructed gastric pouch above. 


Two patients had obstruction at the level of the wraparound 
(Fig 5). In these patients, the gastric lumen is almost completely 
closed off by the wraparound, which is made too tight at the time 
of surgery. This may result because (1) either no indwelling tube 
or a tube that is too small is used during the procedure or (2) no 
attempt is made to adequately calibrate the wraparound either 
with intraoperative measurements or by any other means. One of 
these patients had achalasia, and a simultaneous Heller myotomy 
was performed with an antireflux procedure. The other patient 
had scleroderma. In these patients with a poorly propulsive 
esophagus, a wraparound of any type often leads to obstructive 
symptoms. Antireflux procedures should be avoided whenever a 
myotomy is done. 

An interesting and previously unreported, as far as we know, 
complication of the Nissen operation is intussusception of gastric 
mucosa cephalad to the fundoplication (Fig 6). This patient had 
achalasia treated by Heller myotomy that was later followed by 
transabdominal myotomy and fundoplication. She had progressive 
dysphagia develop after fundoplication despite repeated dilations. 
She had lost 50% of her body weight, was unable to swallow solids, 
and had difficulty swallowing liquids. Preoperative manometric 
studies showed low sphincter pressure of 5 mm Hg with a motility 
pattern typical of achalasia. At endoscopy, a large plug of intus- 
suscepted gastric mucosa protruded cephalad. This could be 
reduced through the endoscope. This patient is also included in the 
group with obstructions. 

To our knowledge, another previously unreported failure of 
fundoplication is that of loss of gastroesophageal continuity (Fig 
7). This patient had had a Heller myotomy followed by a Nissen 
fundoplication. She promptly experienced obstruction and under- 
went an abdominal procedure to open up the esophagus at which 
time a gastrostomy tube was placed in the stomach. Subsequent to 
this, the patient became unable to swallow and was forced to 
expectorate all of her saliva. A GI series demonstrated that there 
was complete loss of continuity between the esophagus and 
stomach. At reoperation, only a cord-like remnant of the esopha- 
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Fig 3.—Complete disruption of fundoplica- 
tion. fundoplication. 










gus remained for a distance of 4 cm. Resection of this remnant and 
jejunal interposition were required to restore GI continuity. This 
is the only patient in the series who was not treated with posterior 
gastropexy. She was reoperated on at the University of Washing- 
ton, Seattle, by one of us (J.K.S.). | 


Nissen | (Anterior Gastropexy) 


Occasional reports have been published** that advocate anterior 
gastropexy for management of hiatal hernia. The recurrence rate 
both symptomatically and roentgenographically is unacceptable 
for good-risk patients. This procedure should be used as indicated 
by others only in poor-risk patients. Even in these patients, 
experience indicates that an adequate antireflux procedure can be 
done almost as quickly as an anterior gastropexy. 

Two patients in this series represented failure of the Nissen I 
anterior gastropexy. Both of these recurred promptly after 
surgery. One of them had an anterior gastropexy that recurred 
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Fig 5.—Obstruction at level of fundoplica- 
tion that resulted from wraparound being 
constructed too tightly. 


Fig 6.—Intussusception of gastric mu- 
cosa cephalad to fundoplication. 
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within one month and was corrected by a posterior gastropexy and 
remains asymptomatic. The other patient was a healthy, athletic 
42-year-old man who underwent an Allison repair in 1966. Two 
weeks later, his symptoms recurred and a recurrent hernia was 
documentec by roentgenography. In 1967, he had a Nissen I 
anterior gastropexy. His symptoms continued immediately after 
surgery. After failure of all medical management, he had a 
posterior gestropexy in 1976 and has remained well. 


Surgica Management of Recurrent Fundoplications 


The repair of fundoplication with reflux stricture or associated 
motor disorder is a surgical challenge. The takedown of these 
repairs is tae most difficult part of the operation. Particularly 
with multip.e surgeries, the landmarks and anatomy are grossly 
distorted. Only with careful and meticulous dissection can the 
esophagus and the gastroesophageal junction be taken down 
without destroying the remaining functional tissue. In all but one 
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of these patients, the takedown was successful, and the gastro- 
esophageal junction that remained was reconstructed by placing 
the sutures in the collar-sling musculature along with the 
remnants ef the phrenoesophageal membrane. A medial arcuate 
posterior gastropexy was accomplished with the aid of intraoper- 
ative manometries. Intraoperative manometrics are used routine- 
ly in all operations oz the gastroesophageal junction by us, but it 
has proved to 5e most helpful in patients with recurrent hernia- 
tion. With distortion of the anatomy and landmarks, it 5 impor- 
tant to have a means of documenting, by calibrating the cardia, 
whether or not an adequate barrier is developed. Withoat objec- 
tive determinations, it is difficult if not impossible to conirm that 
a barrier to refluxx has been achieved at surgery. The details of the 
technique of posterior gastropexy have been published else- 
where.*** For any medo operation on the esophagus, the chest 
should be prepared &nce a thoracic counterincision may »e neces- 
sary to free up the esophagus. This is particularly true when the 
previous opera&on has been done transthoracically. The one 
patient with loss of esophagogastric continuity required a jejunal 
interpositien. 
Manometric Studies 


Preoperatively, manometric and pH studies were done for all 
patients with the exeeption of the patient with loss of esophago- 
gastric continuity. One patient had only a lower esophageal 
sphincter (LES) pressure study done. The average LES pressure 
was 5.8 mm Hz. P^eoperative pressures were not significantly 
different in any failure subgroup. During manometric studies, 18 
patients had reflux demonstrated and in 13 it was prenounced. 
Particularly in this difficult group of patients, it is important to 
perform intracperetive manometrics. Intraoperative measure- 
ment of the sphimcter pressure was performed in 21 of 23 cases, the 
exceptions beimg ome earlier case that was done prior to the 
institution of intraoperative manometrics and the pa-ient who 
required jejunal interposition. Mean intraoperative LES pressure 
was 51.8 mm Eg wth a range from 34 to 60 mm Hg. The lower 
pressures were usel in patients with achalasia and sceroderma 
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Fig 7.—Failure of fundoplication result- 
ing from loss of gastroesophageal (GE) 
continuity. Feeding gastrostomy in 
place. 





where a lower sphincter pressure is appropriate because of the 
poor propulsive force of the esophagus. 

On the fourth postoperative day as the nasogastric tube is 
removed, a measurement termed the “pullout pressure” is 
obtained by simply attaching the pressure tube to the manometer. 
This averages 22.7 mm Hg, with a range from 11 to 35 mm Hg. 
This represents approximately 50% of the intraoperative value. 
Thirteen patients had follow-up motility and pH studies. Repair 
values, as one of us (L.D.H.)'' has previously reported, seem to hold 
up over time with a mean LES pressure of 21.0 mm Hg with a 
range from 10 to 26 mm Hg up to four years after surgery. - 

Fifteen of 21 patients in this group had a motor disorder; six 
patients had normal motor patterns. The most common disorder 
(ten cases) is, as far as we know, a previously undescribed motor 
pattern that seems to be specifically associated with the Nissen 
fundoplication. This pattern consists of simultaneous, aperistaltic, 
low-amplitude contractions that produce poor esophageal propul- 
sion. Fluoroscopy confirmed the motor disorder by showing 
barium is poorly propelled aborally with simultaneous contractions 
that cause barium to reflux up and down the esophagus. This 
motor pattern created serious difficulty in swallowing in five 
patients. After posterior gastropexy, follow-up studies indicate 
that the deranged motility is restored to normal except in those 
patients with achalasia or scleroderma. The low-amplitude, 
nonpropulsive waves are replaced by sequential, peristaltic waves 
that transmit food and fluid aborally. Investigation of this 
phenomenon is underway, and it is thought that this motility 
abnormality may be due to reflux or to obstruction or, more 
importantly, to the esophagus having lost its attachment distally 
and being accordioned on itself and being unable to produce 
sequential waves without distal fixation. Attachment of the 
gastroesophageal junction distally anchors the esophagus and may 
allow it to return to normal function. Cordiano and Rovere’ and 
Kaminski et al'* noted that anchoring of the Nissen wraparound to 
the preaortic fascia has improved their results in terms of both 
symptoms and function. There were three cases of collagen- 
vascular disease, two cases of achalasia. 
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RESULTS 


Follow-up has been obtained in all 23 Nissen II fundopli- 
cation patients by a combination of mail questionnaire, 
telephone interview, personal interview, and examination. 
The length of follow-up averages two years and ranges 
from two months to more than nine years. Two patients 
have died in the interim, both from cardiovascular disease. 
One of these was the first patient operated on in the series, 
nine years ago. Assessment of the operative results is as 
follows: ten patients rate the result as excellent, ten 
patients rate the results as good, and two patients rate the 
operation as fair. The patient with the jejunal interposi- 
tion has been operated on too recently for evaluation. 
Seven patients are completely asymptomatic. Reflux and 
heartburn symptoms are mild and nontroublesome in four 
and moderate in two. There is mild, occasional, residual 
dysphagia that does not require more dilation in five. Two 
patients have troublesome dysphagia. One of these is now 
dead, but he had required postoperative dilation until two 
years after surgery when he was swallowing well with only 
occasional dysphagia. One patient continues with occasion- 
al heartburn and reflux but is able to eat solid food. The 
patient who requires jejunal interposition is still convalesc- 
ing. 

There was no mortality in the series. The complications 
included splenectomy, which was required three times for 
capsular tear owing to adhesions, and one intra-abdominal 
abscess, which resulted from capsular fracture of the 
pancreas, that responded rapidly to antibiotie therapy and 
drainage. Early dysphagia was the most common postoper- 
ative problem. 


COMMENT 


With widespread use of the Nissen fundoplication, it is 
important to recognize the serious complications that may 
result from the operation. There have been previous 
reports of complications with this procedure.^'^ This 
report adds our experience with redo operations for failed 
Nissen procedures to the world literature. 

Woodward et al' raised doubts about fundoplication in 
1970 when they reported a 12% recurrence rate along with a 
24% incidence of initial postoperative dysphagia and a 54% 
incidence of gas-bloat syndrome. Subsequently, 51% of the 
patients had at least mild to intermittent symptoms of gas 
bloat, 11% of which were definite but tolerable and 2% 
incapacitating. Some 10% of the patients were not satisfied 
with the procedure, and 10% were displeased with the 
surgical result. Olson et al? and Saik et al described 
problems of fundoplication slippage and breakdown that 
totaled four patients with slipped Nissen fundoplications 
and two with disrupted procedures. Siewert et al?! added 
seven more cases of slipped fundoplication. From Finland, 
Mokka et al’ reported a 13% recurrence rate at 4% years 
with a 42% incidence of dysphagia from two to six months 
postoperatively. There was also a high incidence of gas 
bloat and inability to vomit. In children with a Nissen 
fundoplication, 40 of 50 patients were unable to vomit 
although this only bothered 14 of them.” Recently, reports 
of more troubling and spectacular complications have 
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Fig 8.—Large gastric ulcer in intrathoracic wrap with a gastro- 
bronchial fistula after a Nissen fundoplication. 


become evident. Bushkin et al” report five gastric ulcers 
after Nissen fundoplication, an incidence of 3.1%. No other 
antireflux operation produces this complication. They 
propose the mechanism to be either vagal injury that 
causes stasis or increased gastrin production from gastric 
distention. Four of these patients required additional 
surgery. Mullen et al” report two cases of esophagogastric 
fistula between the fundoplication and distal esophagus 
with one having additional surgery and the other treated 
medically owing to progressive scleroderma. Balison et al” 
report five cases of diaphragmatic hernia after transtho- 
racic fundoplication. These have developed either through 
the diaphragmatic counterincision, the hiatal closure, or a 
combination of these. Operative intervention was required 
in all. They also indicate four similar cases from Nissen's 
clinic obtained by personal communication. Krupp and 
Rossetti^ reported two gastric fistulas that healed and six 
postoperative deaths representing 1.1% incidence, of which 
three were due to perforating peritonitis. The mortality 
with transthoracic fundoplication was 16.6% (5/30), which 
included two fistulas from fundoplication. Ikard and 
Jacobs* report a case of fundoplication complicated 
initially by subphrenic abscess and later by gastropericar- 
dial fistula. | 

Burnett et al* have published a startling list of complica- 
tions from fundoplieation. In 50 transabdomina! Nissen 
procedures, they had one gastric leak, and in 18 transtho- 
racic fundoplications, there were five patients with leaks 
(28%) in which three patients died. In two patients, peptic 
strictures developed that required more surgery and anoth- 
er three experienced obstruction. One of these had a 
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slipped Nisser fundoplication, one had scleroderma, and 
the third had £ fundoplication that was too tight. All three 
were treated by resection of the distal esophagus anc colon 
interposition. Additional problems included development 
of an unrecognized carcinoma and a benign lesser curva- 
ture gastric u cer. 

To the world literature, we wish to add another, as far as 
we know, previously unreported complication reported by 
Robert Weiner, MD. This patient had had a transthoracic 
Nissen fundoplication with cistal esophageal dilation. A 
year and a helf postsurgery, the patient had a left lower 
lobe pneumoria develop that failed to respond to medical 
management. An upper GI series (Fig 8) disclosed a large 
gastric ulcer -n the intrathoracic wrap with a gastrobron- 
chial fistula thet communicated to the left lower lobe. This 
fistula required reoperation with closure of the gastrobron- 
chial fistula and a Heineke-Mikulicz pyloroplasty with a 
feeding jejurostomy. The pztient is convalescing at this 
time. These operations were verformed at Rochester (NY) 
General Hospital. 

It is evident frem this review that the intrathoracic 
Nissen wraparoune is subject to potentially lethal compli- 
cations in the form of gastropericardial, gastrobrenchial, 
and gastroplewral fistula formation as well as the other 
complications of the transebdominal Nissen procedure. 
Reports by Balisen et al" and Burnett et al’ further 
substantiate taat Paving the wraparound in the chest is 
hazardeus. 


CONCLUSIONS 


We have concluded from the review of the world experi- 
ence as well as our own that the Nissen operation is too 
often done as a blind wraparound. This type of fundoplica- 
tion is subject to complications that are specific to the 
fundoplication and are rare or nonexistent with other 
antireflux operations. The Nissen operation was a major 
contribution at the time of its development, but after 
nearly three decades, an improved technique should be 
developed if results in hiatal hernia surgery are to be 
improved. In our hands, the median arcuate posterior 
gastropexy has been free of most of the comp ications 
outlined in this report. 


This study was supperted in parz by the Pacific Research Foundation, 
Seattle. 
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Discussion 


DaviD B. SKINNER, MD, Chicago: I think at the outset it should 
be said that the Nissen operation is an effective operation in 
preventing reflux in at least 90% of the patients that have the 
operation, but we should be aware of these kinds of problems. 

My colleague, Dr DeMeester, and I have had a somewhat similar 
experience, both in numbers and types of problems, to the one just 
presented. Failures break down into several categories including 
the following: (1) the intrathoracic wraps in which gastric ulcers 
and perforations have developed, (2) the slipped Nissen fundopli- 
cations, (3) the frank recurrences from disruption, and (4) the 
obstructions of the esophagus. All of these are similar categories 
to the ones Dr Hill and his colleagues just discussed. 

The Nissen operation does have the capacity for making the 
patient’s reflux worse if it is improperly performed. I would like to 
describe a patient, operated on principally for symptoms, who had 
a low wrap that left an acid air level in the fundus of the stomach. 
When she came to us, she had had a peptic stricture from reflux 
develop that followed the operation rather than having been there 
preoperatively. 

Any of these types of repairs, the Nissen operation, even a few 
recurrences of the Hill operation, and the Belsey operation will 
recur or fail, and the reoperations are very critical and difficult as 
has already been pointed out. 

We believe the key to reoperation for this is mobilization of the 
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esophagus. The objective of all these operations is to restore a 
satisfactory intra-abdominal segment of esophagus. 

At this point, I disagree somewhat with Dr Hill, I am sure he 
does his operation through the abdominal approach and reaches up 
through the hiatus to do his esophageal mobilization. We find it 
much more effective to do a thoracic approach for our recurrences 
and to elevate the esophagus completely out of its bed right up to 
the arch of the aorta. With this kind of mobilization, we are able to 
achieve a primary antireflux repair in these recurrences. Opera- 
tions of resection and interposition are not necessary in the vast 
majority of these patients, nor have we had to use the Colles’ 
gastroplasty maneuver in most of these patients in recent years, 
so I stress the importance of extensive mobilization of the 
esophagus as an important part of reoperation for any type of 
recurrence after the antireflux repairs. 

I would like to venture a prediction, Dr Hill, that we are 
probably going to be seeing a lot more of this difficult kind of 
surgery. This Nissen operation is widely performed now, and I 
think there are probably three factors with regard to the operation 
that are going to lead to an increasing incidence of this challeng- 
ing problem. 

I get the impression, as I talk to surgeons and see patients with 
this operation, that many surgeons do not mobilize the esophagus 
well at the time that the Nisson fundoplication is done. This 
increases the chances of the wrap being done too low or causing 
the slipped Nissen fundoplication effect. 

Also, this operation, like the Belsey operation, depends on 
sutures that hold in the muscle of the esophagus for the success of 
the repair. We know from our experience with cases of Belsey 
operations followed up over a long period of time that there is a 
tendency for those sutures to tear out that leads to an increasing 
number of disruptions with time. Finally, as all of you know who 
have done reexploratory surgery on patients with gastrostomy, 
the stomach has a remarkable ability even when sutured to 
another organ to return to its original shape and form. That is 
working against the success of the fundoplication in the long run. 
So I think that with long-term follow-up, we will see a further 
increase in the number of disrupted Nissen fundoplications as the 
stomach manages to replace itself in its original position. 

JOHN F. ALDEN, MD, St Paul: I think the fundoplication has 
probably become the most commonly used antireflux procedure in 
use today. In general, I think its popularity is deserved, but I know 
it is not without its complications. This was brought home to me 
when I operated on this young woman whom I will describe. This 
girl was young and thin and had a long history of peptic ulcer and 
marked reflux. She had no esophageal hernia. She did have 
esophageal ulcerations and biopsies of these were done and 
endoscopy confirmed them. Her operation was easy, and I thought 
satisfactory, but the Nissen fundoplication slipped and she had a 
big pouch up above. Subsequently, another roentgenogram showed 
it as it is now. At this time, her roentgenogram showed this 
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continuing defect after a second operation to correct the Nissen 
fundopliation with another Nissen operation that had given her 
complete relief of her symptoms but a rather ursatisfactory 
roentgerogram. 

Dr Robert Lasser, from the Minneapolis Veterans Hospital, 
gave three slides to me that indicated three slipped Nissen 
fundoplieations that he and his colleagues picked up in a six-month 
period. Endoscopically, the slipped Nissen fundoplication showed a 
rather pztulous GE junction. When the scope was passed through 
the first pouch into the second pouch, it was fairly well obstructed. 
When tke scope was passed through the distal pouch while 
retroflexed, one could see the slipped Nissen fundoplization from 
below. 

Raymon C. READ, MD, Little Rock, Ark: We had ar experience 
with this type of problem: we encountered five patiemts who had 
gastric leaks. Many of these patients had been referred in. We had 
one ourselves, and these and other problems, many of which Dr 
Hill and ais colleagues described. 

We found that all these gastric leaks occurred in the patients 
who had kad the transthoracic Nissen fundoplication o7 the Belsey 
procedure, that all of these were from the stomach, and that they 
were not from the esophagus, which is the usual area of concern. 
The factars that cause these leaks in the chest are the following: 
(1) the gastric pouch, which is a gastric herniation, may become 
obstructed or bloated; (2) there may be ischemia because of taking 
down the blood supply of the stomach in order to get it up into the 
chest; (3) sometimes there may be tension because the stomach is 
not adequately mobilized; (4) there may be gastric ulceration that 
may perferate; and (5) in the fixation of the stomach pouch to the 
diaphragm to prevent herniation, one may later get tearing of 
those sutures at the diaphragmatic hiatus. 

DR Hit: I think Dr Skinner brought up an importan: point. We 
always have the chest prepared in these redo operations because if 
we cannot free up the esophagus from below, a countevincision is 
occasional y necessary to free the esophagus from the thorax. We 
like to approach the redo operation from below so that we can, as 
he sugges:s, obtain a good length of intra-abdominal esophagus. 

Dr Reac's series, I think, is one that has brought a great deal of 
attention zo these complications. The gastric fistula with a 50% 
mortality is indeed devastating. When we hear an array of 
distinguished surgeons report these kinds of complications, it 
indicates that there is a need for us to develop a procedure that is 
free of the complications that were just described, anc there are 
many other complications that were not brought out in the article 
or discussion. 

In the loag run, we owe it to our patients to present a technique 
that will Þe superior to the Nissen fundoplication, with fewer 
complicatiens and a lower recurrence rate. With biomedical engi- 
neering beng utilized in the cardiac field so effectively, it is time 
that we brng this into the gastroesophageal field as wall. 


Reoperation After Fundoplication—Hill et al 


jam 
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Looking Backward for 
Profit and Pleasure 


To the Editor.—The “ine editorial page 
of the September 1978 issue of the 
ARCHIVES (113:1933, 1978) is worthy of 
complimentary comment. Properly, 
the author thereof srought into focus 
the dearth of knowledge the rising 
young professienal men and women 
possess concerning medical history. 
This younger medisosurgical genera- 
tion is losing cne ef the intellectual, 
pleasurable rewards that is a supple- 
ment and intrinsi« corollary to the 
medical disciplme. 

Medieal histary rot only gives “per- 
spective to performance,” as stated in 
the editorial, but = has been appro- 
priately stateé by Goethe that “the 
history of science is science itself.” 
Although histericel medicine is not 
essentially a contribution to medical 
science, it is mevewtheless a didactic 
warning beaeon ir medical practice. 
That the modern »hysician and sur- 
geon should be a caltured person is a 
foregone conelasioa. The basis for all 
culture is a knowledge of history. 
Thus, the eulzured people of medicine 
can combine a prcfessional necessity 
with an inherent desire for cultural 
sustenance. 

In addition to the cultural nutri- 
ment, scientifie lessons can be learned 
from any study of historical medicine. 
The history of medicine stands as a 
monumental ligkthouse to warn 
against future professional dangers. 
History reca ls to Jur fading memory 
the errors of oar preceptors as well as 
their accomplishments. History can 
guide all of us past excessive thera- 
peutie enthusiasrr, fallacious experi- 
mentation, end the persiflage of self- 
aggrandizement, and, what is of 
major importance. it assists in sepa- 
rating truth from falsehood. 

Medical history should teach the 
scientifie physician the need for an 
honest cours2 m tke pursuit of experi- 
mental medicine and surgery. It 
enables persons in medicine to hold 
fast to the truth m spite of adversity 
and eriticisr. History will teach the 
experimenters wat William Beau- 
mont held as dogma: "Truth like beau- 
ty, when unsdorazed is adorned the 
most, and ir prosecuting experiments 
and inquiries the =xperimenter should 
be guided by its light.” 

No other professional group is so 
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fortunate in possessing a history 
replete wich milestones of healthful 
progress benefiting all mankind. 
Herein lies the true value of medical 
history as an indigenous cultural 
subject. Tris culture is the true guard- 
ian of our scientific accomplishments. 
In the words of Allan B. Kanavel, “It 
broadens our medical horizon and 
gives joyous communion with the 
creative minds that have gone before 
us. The dector cannot be truly great 
unless he oves literature, history and 
the cultural arts that stimulate, devel- 
op and enrich the inner man and 
woman of medicine." 

BERNARD J. FICARRA, MD 

55 Mill River Rd 

Oyster Bay, NY 11771 


Operative Cholangiography 
and Overlooked Stones 


To the Ed tor.—In the June 1978 issue, 
Corlette and colleagues (113:729, 1978) 
described the use of operative cholan- 
giography and diseussed ways of 
producing a lower incidence of over- 
looked bil ary caleuli. It seems surpris- 
ing to m» in this day and age that 
neither tke authors nor Griffen, in his 
editorial eomment, mentioned the use 
of choledochoscopy. Choledochoscopy 
along with completion operative cho- 
langiography can markedly diminish 
the incicence of retained common 
duct stones. Finnis' has described the 
use of ooerative choledochoscopy to 
obviate completion cholangiography. 
In one general surgical private prac- 
tice, the ability to use an operative 
choledockoscope has resulted in sev- 
eral instances in which otherwise 
retained common duct stones have 
been discovered. It would seem to me 
in light of current and improving 
technology that an operative choledo- 
choscopy is a necessity for a complete 
exploration of the common bile duct. 

BERNARD S. SHAPIRO, MD 

Ansonia, Conn 


1. Finnis D: Choledochoscopy in exploration of 
the commen bile duct. Br J Surg 64:661-664, 
1977. 


In Reply—We appreciate that choled- 
ochoscopy is a uniquely satisfying 
means o^ evaluating the larger ductal 
system. We refer to its use in the 
"Comment" section of our article, 
noting that “choledochoscopy, where 


available, can be more appropriately 
directed to...suspicious defects.” 
The problem lies in availability. Of the 
three hospitals in the study, teaching 
hospitals in the metropolis of Boston, 
only one has a choledochoscope. One 
of the three hospitals has recently 
rejected purchase of the instrument, 
citing an unfavorable cost-benefit 
ratio as the reason. We suspect that 
the instrument is not available in 
many institutions. In today’s legal 
and regulatory climate, we wonder if 
it is wise to recommend in print, and 
thus sanctify as the norm, a technique 
that is not yet in the hands of the rank 
and file. Let us for now work to 
improve good cholangiographic tech- 
niques that are familiar to us all. 
Marvin B. ConLETTE, MD 
Lexington, Mass 


In Reply.—As I viewed my task, it was 
to comment on the misuse of opera- 
tion cholangiography, although I 
might have mentioned choledochosco- 
py as an alternative method of discov- 
ering stones in the common bile duct. I 
would have made the same point 
regarding its use, namely, that it is 
only as good as the surgeon who uses 
it. On that point, I am unaware of any 
study that clearly shows the superiori- 
ty of choledochoscopy over properly 
performed operation cholangiography. 
I hope that enthusiasts will conduct 
such a trial. 

I must take issue with Shapiro and 
Finnis that choledochoscopy obviates 
operation cholangiography. The pres- 
ent rigid equipment is useful in 
detecting stones between the con- 
fluence of the hepatic ducts and the 
papilla; it is also useful in determining 
whether an obstruction on cholangiog- 
raphy is a calculus or tumor. However, 
until suitable flexible equipment is 
developed, choledochoscopy cannot de- 
tect stones in the interhepatic ducts. 

Warp O. GRIFFEN, JR, MD 
Lexington, Ky 


“Lipoma” of the Spermatic Cord: 
Potential Relationship to Indirect 
Inguinal Hernia in Adults 


In children, indirect inguinal hernia 
is of congenital origin, and is due to 
incomplete obliteration of the proces- 
sus vaginalis. No such cause applies to 
indirect hernia in middle age, since 
one cannot assume that a congenitally 
unobliterated peritoneal protrusion 
would remain quiescent during young 
vigorous adulthood only to become 
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symptomatic in middle life. 

An indirect hernia in this age group 
seems almost universally associated 
with a spermatic cord lipoma and/or 
other properitoneal fat adherent to 
the sae. Such fat tissue is easily 
deformable, and has almost fluid-like 
characteristics permitting it to insin- 
uate itself into tissue planes. The 
internal ring is a channel through the 
transversalis fascia, and the gradual 
introduction of fat by internal propul- 
sive forces can widen that pathway. 
Parietal peritoneum can enter the 
defect under repeated pressure from 
above, be dragged into the breach by 
its adherent fatty pseudopodium, or 
both. 

In two studies of recurrent inguinal 
hernia, the lesion was indirect in 31% 
and 51% of cases, respectively.’ It is 
difficult to conceive of failure to carry 
out adequate high ligation in so many 
cases. 

An adequate herniorrhaphy must 
therefore reemphasize removal of 
cord lipomata and presenting fat, 
“thinning out” the spermatic cord by 
excising thickened cremaster muscle, 
and achievement of a snug closure of 
the internal ring, all in addition to 
one’s preferred technique for repair. 

Confirmation of this hypothesis will 
depend on the direct observations of 
other surgeons, since there is current- 
ly no experimental technique that can 
mimic the clinical situation. 

NORMAN ROSENBERG, MD 
Department of Surgery 
Middlesex General Hospital 
180 Somerset St 

New Brunswick, NJ 08903 


l. Postlethwait RW: Causes of recurrence 
after inguinal herniorrhaphy. Surgery 69:772, 
1971. 

2. Berliner S, Burson L, Katz P, et al: Ther 
anterior transversalis fascia repair for adult 
inguinal hernias. Am J Surg 135:633, 1978. 


Secondary Hemorrhage From the 
Right Hepatic Artery 


We wish to report a case of hemat- 
emesis after cholecystectomy due to 
bleeding from the right hepatic artery 
since we have not found a similar case 
in the literature. It is reported to 
inform those with an interest in bilia- 
ry surgery. | 

Report of a Case.—A 64-year-old widow 
presented with hematemesis four weeks 
after cholecystectomy for stones. The oper- 
ation and postoperative course had been 
uneventful. The cystic artery was ligated 
with thread 2 em from its origin from the 
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right hepatic artery. At endoscopy, it 
appeared as if she was bleeding from a 
duodenal ulcer. Conservative treatment 
was tried but bleeding continued, so opera- 
tion was advised. A large hematoma was 
found under the right lobe of the liver. 
While removing the clot, severe arterial 
bleeding was encountered. 

This was controlled by compression of 


the common hepatic artery at its source . 


after opening the lesser sac. After removal 
of the clot a 5-mm linear aperture in the 
right posterolateral aspect of the right 
hepatic artery was found. There was no 
evidence of the cystic artery stump or 
ligature. The hepatic artery was of normal 
size. The defect was repaired with a fine 
silk suture. An irregular opening was then 
found in the posterosuperior aspect of the 
first part of the duodenum. The blood from 
the hematoma presumably entered the 
duodenum through this. An attempt was 
made to repair this hole, but the sutures 
easily cut out. The wound was drained and 
the abdomen closed. 

Postoperatively, a duodenocutaneous fis- 
tula developed, which closed spontaneously 
on the 23rd postoperative day. 

There was no evidence of sepsis, arterial 
aneurysm, or arterial anomaly in the 
patient.'? 

Comment.—The possibility of a 
small perforated duodenal ulcer with 
subsequent digestion of the cystic 
artery stump is unlikely on clinical 
and operative evidence. The use of 
diathermy on large arteries with 
subsequent proximal sloughing and 
rupture is a known hazard, but this 
was not used in this case. 

The authors are unable to explain 
this case, but wish to present the 
findings in the hope that future 
complications of this kind will be 
recognized and promptly treated. 

NIGEL KEDDIE, FRCS 

CHRISTOPHER METCALFE-GIBSON, 
FRCS 

Manchester, England 


1. Anderson PT: Traumatic false aneurysm of 
the right hepatic artery: An unusual com plication 
of cholecystectomy. Aust NZ J Surg 40:273-277, 
1971. 

2. Halvorsen JF, Semb BKH: Traumatic false 
aneurysm of the right hepatic artery with 
rupture into the duodenum: An unusual complica- 
tion of biliary surgery. Acta Chir Scand 140:252- 
254, 1974. 


Carcinoma of the Lung 
Occurring as a 
Skeletal Muscle Mass 


Malignant neoplasms that metasta- 
size to skeletal muscle are infrequent.' 
Of such tumors, malignant lympho- 
mas and leukemias predominate.” This 
communication reports the unusual 
occurrence of a squamous cell carcino- 


ma of the lung that first appeared as a 
triceps mass. 


Report of a Case.—A 61-year-old man was 
admitted to the Naval Regicnal Medical 
Center, Newport, RI, on Jan 21, 1976. 
Initially, he was seen in the orthopedie 
clinie with the complaint of a mass in his 
left upper arm of two montks' duration. 
The mass caused no discomfort. The 
patient was a heavy cigarette smoker until 
two years prior to admission. 

On physical examination, a firm oval 
mass 8 X 5 em, was present ir the medial 
head of the left triceps, just above the 
elbow joint. 

On preoperative chest roentgenograms, 
the right hilus was noted to have an indis- 
tinct border. Routine laboratory studies 
and ECG gave findings witiin normal 
limits. | 

The left triceps mass was excised. Froz- 
en sections and, subsequently, permanent 
sections showed squamous cell carcinoma. 
Lung tomograms showed a right hilar 
mass. Bronchial brushing and bronchial 
washings from the right side ware positive 
for malignant cells. 

Comment.—Willis' has stated that 
blood-borne metastases to skeletal 
muscle are rare.' In his series of 500 
autopsies on patients with cancer, 
there were four cases (0.8%) of carci- 
noma metastatic to muscle. Buerger 
and Monteleone, in an autoosy series 
of patients with leukemia or lympho- 
ma, found skeletal muscle involve- 
ment in 43 of 82 cases (52%). Laurence 
and Murray’ reported a single case of 
carcinoma of the colon that appeared 
as a forearm mass. Mulsow* reported a 
single case of carcinoma of the 
pancreas presenting as a muscle 
metastasis. 

The factors responsible for the low 
frequency of skeletal muscle metasta- 
sis are unknown. 

In this case, a squamous cell carcino- 
ma of the lung had a skeletal muscle 
metatasis as its initial manifestation. 
This is thought to be the first recorded 
case of such an occurrence. 

LT COMDR ARTHUR E. PELLEGRINI, 
MC, USNR 

Department of Pathology 

Naval Regional Medical Center 

San Diego, CA 92134 


1. Willis RA: The Spread of Tumors in the 
Human Body. London, Butterworth & Co, 1973, p 
282. 

2. Buerger LG, Monteleone PN: Leukemic- 
lymphomatous infiltration of skeletal muscle. 
Cancer 19:1416-1421, 1966. 

3. Laurence AE, Murray AJ: Me:astasis in 
skeletal muscle secondary to carcincma of the 
colon: Presentation of two cases. Rr J Surg 
51:529-530, 1970. . 

4. Mulsow FW: Metastatic carcinoma of skele- 
tal muscles. Arch Pathol 35:112-114, 1343. 
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Books 


Recent Advances in Intensive Therapy, by I. McA. 
Ledingham, $23 (cloth), 257 9p, with illustrations, 
Churchill Livingstone, Medal Division of Long- 
man Inc, New York, 1977. 

This is an interesting book devoted 
to emphasizing the recent advances in 
the care of eritically ill patients. There 
are 36 contributing amthors and the 18 
chapters are short ax well supported 
by references. |t has excellent and 
up-to-date reviews «f problems en- 
countered in the intensive care unit, 
as well as chapters regarding primary 
and secondary transportation of criti- 
cally ill patients and the selection and 
prognosis of patients requiring inten- 
sive care. Although it is not a practical 
manual of imtensive therapy, there are 
helpful technical suggestions through- 
out the boek, for example, the excel- 
lent chapter on “Fiberoptic Bronchos- 
copy and Imtubation” The numerous 
illustrations clearly support the text. 
The contributors ar» from Scotland, 
England, the United States, France, 
and Sweden; so, tke book not only 
relates the experiences in many coun- 
tries but also underseores the fact that 
the problems enceuntered in the 
intensive care unit are common to us 
all. 

Most of the comp! cations frequent- 
ly encountered in creically ill patients, 
such as gastrointesinal hemorrhage, 
acute pamereatitis, coagulation disor- 
ders, diabetic- hyperosmolar states, 
hepatic failure, pulmonary throm- 
boembolism, neuromuscular disorders, 
Gram-negative sepsis, and acute renal 
failure, are considered. Although each 
chapter is written by different con- 
tributing authors, there is minimal 
discontinuity and & does not impair 
the value of this &ext. Brief discus- 
sions of intra-aortie balloon pumping, 
external counterpwsation in cardio- 
genie shoek, and po:soning with para- 
quat, salicylate, and paracetamol are 
also included. 

Minor criticisms are that there were 
no chapters on the rutritional require- 
ments and the monitoring and noso- 
comial infections cf the critically ill 
patient im the imensive care unit 
setting. The editer states that the 
book is not intended as a comprehen- 
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sive practizal manual of intensive 
therapy amd I think quite rightly. 
Although this book is aimed at those 
involved in the care of patients in the 
intensive ezre unit, this text would be 
appreciatec by all physicians and 
surgeons confronted with the prob- 
lems of an acutely ill patient. 

Kirk K. KazaRiAN, MD 

Stamford, Conn 


Dynamic Br»nchoscopy, by M.A. de Kock, 119 
pp, 197 illus, $51.60, Secaucus, NJ, Springer- 
Verlag New York, Ine, 1977. 

Dynamie Bronchoscopy is a compact 
book that provides multiple, superb- 
quality coler photographs to illustrate 
the norma and abnormal anatomy of 
the tracheebronchial tree. The anato- 
my of the oral pharynx, trachea, and 
segments of the bronchial tree are 
well depic-ed. With the exception of 
the figures in the introduction, which 
are confusing and best avoided, the 
large colo" photographs constituting 
more thar 50% of this book are the 
highlight of the work. The photo- 
graphs illustrate a wide range of 
laryngeal and airway pathology, in- 
cluding reoplasms of the larynx, 
tracheal stenosis, tracheoesophageal 
fistulas, ckronic bronchitis, neoplasms 
of the airways, and granulomas. One 
limitation of this book is its poor 
organization of some illustrations, 
which is a bit forced and at times 
confusing 

In addi-ion, the text and references 
on the su»ject of fiberoptic bronchos- 
copy are madequate. Since Ikeda and 
others introduced the fiberoptic bron- 
choscope zpproximately ten years ago, 
fiberoptic bronchoscopy has clearly 
revolutiorized pulmonary and thoracic 
medicine. This instrument provides a 
means to visualize peripheral airway 
segments, a task that cannot be 
accomplished with most straight-tube 
bronchoseopes. Unfortunately, the au- 
thors do not focus extensively enough 
on the fiberoptic bronchoscope and its 
distinct advantages over the straight- 
tube bromchoscope. Aside from these 
limitatioms and the fact that it is 


rather expensive, this book is to be 
recommended primarily for its superb 
illustrations of normal and abnormal 
airway anatomy. 
RICHARD A. MarrHAvy, MD 
New Haven, Conn 


Lower Urinary Tract Function and Dysfunction: 
Diagnosis and Management, by Nabil K. Bissada 
and Alex E. Finkbeiner, 276 pp, New York, 
Appleton-Century-Crofts, 1978. 

This book represents a successful 
effort in an area of urology character- 
ized by explosive growth and equally 
explosive confusion. The relevance of 
neurourology, as we know it, has been 
questioned publicly by members of the 
urologic academic community and 
probably by urologists in general. The 
literature, vast and contentious, and 
urodynamic instrumentation, ever 
more expensive and impractical, have 
confused rather than clarified the 
issue. 

This work contains a really master- 
ful exposition of the relevant neurolo- 
gy, anatomy, neuropharmacology, and 
neurophysiology of the lower urinary 
tract. It provides a concise description 
of urodynamic technique and the 
rationale for urodynamic testing. It is 
the best single work currently avail- 
able in these areas. The authors have 
integrated and made comprehensible 
an enormous variety of factual mate- 
rial. They treat the literature fairly 
and completely and without bias. The 
clinician familiar with this material 
will be able to define the pathophysiol- 
ogy and plan the treatment of a 
neurologic problem on a rational 
basis. 

If I have a reservation about the 
book, it is in its coverage of surgical 
and pharmacologic treatment, which 
seems to me to lack a perspective of 
hard critical appraisal. This does not 
detract from the book’s value and, 
indeed, probably accurately reflects 
the state of the art, which, at present, 
suffers from a lack of controlled, 
double-blind studies. 

Epwarp J. McGuire, MD 
New Haven, Conn 


Books 551 


Calendar of Events 


1979 


April 


American College of Surgeons Spring Meeting, 
Denver, April 2-5. Contact: E. W. Gerish, MD, 
ACS office, 55 E Erie St, Chicago, IL 60611. 

American Bronchoesophagological Associa- 
tion, Century Plaza Hotel, Los Angeles, April 
3-4. Sec: L. W. Pratt, MD, 37 Lawrence Ave, 
Fairfield, ME 04937. 

American Society for Artificial Internal Organs, 
New York Hilton, New York, April 19-21. Exec 
Dir: Ms K. K. Burke, PO Box 777, Boca Raton, 
FL 33432. 

American Association of Neurological Sur- 
geons, Century Plaza Hotel, Los Angeles, April 
22-26. Exec Dir: Carl H. Hauber, 625 N Michi- 
gan Ave, Chicago, IL 60611. | 

Southwestern Surgical Congress, Caesars Pal- 
ace Hotel, Las Vegas, April 23-26. Sec: J. A. 
Barney, MD, 708 Physicians & Surgeons Bldg, 
Oklahoma City, OK 73101. 

American Surgical Association, White Sulphur 
Springs, WVa, April 25-27. Sec: J. V. Maloney, 
MD, UCLA School of Medicine, Los Angeles, 
CA 90024. Limited to members and invited 
guests. 

International Symposium of Facial, Plastic and 
Reconstructive Surgery, New Orleans, April 
29-May 4. Contact the secretary, M. E. Tardy, 
Jr, MD, 2700 Lakeshore Dr, Chicago, IL 
60657. 

American Association of Plastic Surgeons, The 
Breakers, Palm Beach, Fla, April 29-May 2. 
Contact: M. S. Turkiewicz, MD, 25 Prescott St 
NE, Atlanta, GA 30308. l 

American Association for Thoracic Surgery, 
Boston, April 30-May 2. Exec Sec: W. T. 
Maloney, 6 Beacon St, Boston, MA 02108. 


May 


American Urologic Association, New York, May 
13-17. Exec Sec: Richard J. Hannigan, 1120 N 
Charles St, Baltimore, MD 21201. 

Society for Surgery of the Alimentary Tract, New 
Orleans, May 22-23. Sec: Larry C. Carey, MD, 
Ohio State University, 410 W 10th Ave, Colum- 
bus. OH 43210. 
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Neurosurgical Society of America, White Sul- 
phur Springs, WVA, May 23-26. Sec: James 
Story, MD, University of Texas Health 
Sciences Center, San Antonio, TX 78284. 


June 


American Society of Colon and Rectal Sur- 
geons, Hyatt Regency Hotel, Atlanta, June 
10-14. Contact the administrative secretary, H. 
Gibson, 615 Griswold, Suite 516, Detroit, MI 
48226. 


American Orthopaedic Association, Doral 
Beach, Puerto Rico, June 18-21. Sec: Richard 
E. King, MD, 444 N Michigan Ave, Chicago, IL 
60611. | 

Society for Vascular Surgery, Opryland Hotel, 
Nashville, Tenn, June 28-29. 

International Cardiovascular Society, Opryland 
Hotel, Nashville, Tenn, June 29-30. Sec: 
William Fry, MD, 5323 Harry Hines Blvd, 
Dallas, TX 75235. 


September 


American Association for the Surgery of Trau- 
ma, Sept 13-15, Drake Hotel, Chicago. 


October 


American Society for Plastic and Reconstruc- 
tive Surgery, Oct 7-12, Toronto. Contact 
ASPRS Executive Office, 29 E Madison, Suite 
800, Chicago, IL 60602. 

American Society of Anesthesiologists, San 
Francisco, Oct 20-24. Contact the executive 
secretary, J. W. Andes, 515 Busse Hwy, Park 
Ridge, IL 60068. 

American College of Surgeons, Oct 22-26, 
Chicago. Contact Edwin Gerrish, MD, ACS, 55 
E Erie St, Chicago, IL 60611. 


November 


American College of Chest Physicians, Nov 4-8, 
Houston. Contact ACCP, 911 Busse Hwy, Park 
Ridge, IL 60068 

Western Surgical Association, Nov 11-14, The 

Broadmoor, Colorado Springs, Colo. Contact 
Secretary Paul Hodgson, MD, University of 
Nebraska, Omaha, NE 68105. 
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analgesic eftec: of «exycosone begins within 10 to 
15 minutes ater oral administration, peaks at 45 
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ophen, a nen-aercotic analgesic, complements 
the pain relief provioed by oxycodone. 


Summary of Prescribing Imformation 
Contraindicafions: Hypersensitivity to oxycodone or 
acetaminaphne 


Warnings: Drged2p2ndenre: Oxycodone can pro- 
duce drug dedenderce o! the morphine type and 
may 3e abuæd. Psychic dependence. physical 
dependence aac teieranze may develop upon 
repeated acr»nmstraton; pseesc'ibe and administer 
with same Cawicn aporopriete to other oral narcotic- 
containing medicauors. Sut ject to the Federal Con- 
trollec Substances Act 

Usage in ambulatory patierts: Caution patients that 
Oxycodone rrz2y impair meal and/or physical abili- 
ties required far performancë of potentially hazardous 
tasks such as Sriving a car œ operating machinery 
Interection with other Central Nervous System 
depressants. ~akents recewang other narcotic anal- 
gesics. genesal anesthetics, phenothiazimes, other 
tranquilizers. secatve-hyonotics or other CNS 
depressar's ( ^c uding.alcorol) with TYLOX capsules 
may exhibit adctive CNS depression. When such 
combined theapy is contemplated, the dese of one 
or both agents shoulc be recuced 

Usage in pregnancy Safe use not established 
Should net E» usec in pregnant women unless 
poten'ial Dbenefts outweigh cossible hazards. 

Usage in chidren Should not be administered to 
children 


Precautions: -eac injury and increased intracranial 
pressure: The respir=ory depressant effects of nar- 
cotics andthe Capacity to eeva!e cerebrospinal fluid 
pressure May 5e mar«edly exaggerated in the pres- 
ence of heac imury, other intracranial lesions or a 
pre-existing cease in intacranial pressure. Fur- 
thermore, narcotcs peoduce adverse reactions which 
may cbscure heclinical course of patients with head 
injuries 

Acute abcom nel conditiows: TYLOX capsules or 
other Narcotics may coscure the diagnosis or clinical 
course of ac uie abdominal conditions 

Special sk pstients: Adminster with caution to cer- 
tain patients sum as the ederlv or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrepny-r urethral stricture 


Adverse Reactions: Mos! frequent Lightheaded- 
ness, dizziness. catan, nausee and vomring; more 
prominen! ir ambulatory than non-ambulatory 
patients, sormme-of these reac ions may be dleviated if 
the patien! lie cowr Ofhes: euphoria, dysphoria. 
constipation, Sir rash and gruritus 


Dosage and Administration: Dosage should be 
adjusted acccedma tc-severty of pain anc response 
of the patent It may occasionally be necessary to 
exceed the usual desage ecommendec below in 
cases oí more severe pain 3r in those patients who 
have become ‘o@rantto the analgesic effect of nar- 
cotics. TYLOY capsus are given orally. Usual adult 
dose is ome capsule every 6 hours as needed for 
pain 


Drug Interactioms: CNS de»ressant effec's may be 
additive with mat of other CNS depressants. See 
Warnings 

Caution. Fedea! law prohibits dispensing without 
prescription 

For informatian on symptcms. treatment of over- 
dosage, see itl prescribing formation 

Full directionstoruse shouldbe read before adminis- 
tering or prescutong 


*Halperr, L.N. and Bonica, JJ., “Analgesics,” in 
Modell, W. ec Drugs of Chace 1976-1977 St Louis. 
The C.V. Mosty Co., 1976, p. 213 
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oxycodone terephthalate“ 0.38 mg. 
acetaminophen 500 mg 


*Warning: May be habit forming. 


McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 
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uring short-, intermediate- 
i. Dalmane in 30 mg 
somnia patients for varying 


wing sleep induction and sleep 
following discontinuation of 


Reductions i in minutes required to fall asleep and increases intotal 
sleep time were averaged and expressed as percentages. 


*Since insomnia is often transient, prolonged administration of Dalmane . Bemon 
seldom necessary ested meine ipee forall subjects, along with a decrease in the time 
t Statistically significant over placebo baseline values. -required to fall asleep (see chart).? 





Subjective;y, participants themselves reported 28-night insomnia relief.” 


p A Sudy of the hypnotic efficacy of Dalmane 3 (f) 
(lurezepam HC!) 30 mg in insomniacs Used a bedtime 
quesSonnaire on which subjects reported any deviation 


from the restrictions of the study, and @ morning ques- 


tionnaire on which they evaluated the curation and f HC IV 

quality of their sleep. Thus, the objective findings were Li CUa 11 

suppsemented by subjective accounts cf the medica- 

tion's effectiveness | | | 50-mg and 15-mg capsules 
The subjective results showed a significant increase 

in total sleep time and a significant decease in sleep MODEL OF HYPNOTIC EFFICACY 

latere y during the administration of Dalmane (see chart). 

Ther2 was no significant difference in tne number of 

arousals. These results corroborated the findings of the Please see following page 

obje«tive study for a summary of product information. 
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tlurazepam HC] 


One 30-mg capsule h.s.—usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.—initial dosage 

for elderly or debilitated patients. 


Before peser ibing Daimane (flurazepam HCI), please consult 


.. complete product information, a summary of which follows: 


Indications: Effective in all types of insomnia characterized by 
difficulty in falling asleep, frequent nocturnal awakenings and/or 
early morning awakening; in patients with recurring insomnia or 


— poor sleeping habits; in acute or chronic medical situations 


requiring restful sleep. Since insomnia is often transient and 
intermittent, prolonged administration is generally not neces- 
sary or recommended. 


Contraindications: Known hypersensitivity to flurazepam HCI. 
Warnings: Caution patients about possible combined effects 
with alcohol and other CNS depressants. Caution against hazard- 
ous occupations requiring complete mental alertness (e.g., 
operating machinery, driving). 
Usage in Pregnancy: Several studies of minor tranquil- 
izers (chlordiazepoxide, diazepam, and meprobamate) 
suggest increased risk of congenital malformations 
during the first trimester of pregnancy. Dalmane, a benzo- 
diazepine, has not been studied adequately to deter- 
mine whether it may be associated with such an increased 
risk. Because use of these drugs is rarely a matter of 
urgency, their use during this period should almost 
always be avoided. Consider possibility of pregnancy 
when instituting therapy; advise patients to discuss 
therapy if they intend to or do become pregnant. 
Not recommended for use in persons under 15 years of age. 
Though physical and psychological dependence have not been 
reported on recommended doses, use caution in administering 
m addiction-prone individuals or those who might increase 
osage. 
Precautions: In elderly and debilitated, limit initial dosage to 
15 mg to preclude oversedation, dizziness and/or ataxia. Con- 
sider potential additive effects with other hyonotics or CNS 
depressants. Employ usual precautions in patients who are 
severely depressed, or with latent depression or suicidal tend- 
encies. Periodic blood counts and liver and kidney function tests 
are advised during repeated therapy. Observe usual precautions 
in presence of impaired renal or hepatic function. 
Adverse Reactions: Dizziness, drowsiness, lightheadedness, 
Staggering, ataxia and falling have occurred, particularly in 
elderly or debilitated patients. Severe sedation, lethargy, dis- 
orientation and coma, probably indicative of drug intolerance or 
overdosage, have been reported. Also reported: headache, heart- 
burn, upset stomach, nausea, vomiting, diarrhea, constipation, 
GI pain, nervousness, talkativeness, apprehension, irritability, 
weakness, palpitations, chest pains, body and joint pains and 
GU complaints. There have also been rare occurrences of leu- 
kopenia, granulocytopenia, sweating, flushes, difficulty in 
focusing, blurred vision, burning eyes, faintness, hypotension, 
shortness of breath, pruritus, skin rash, dry mouth, bitter taste, 
excessive salivation, anorexia, euphoria, depression, slurred 
speech, confusion, restlessness, hallucinations, paradoxical 
reactions, CJ ok OUT and hyperactivity, and 
elevated SGOT, SGPT, total and direct bilirubins and alkaline 
hosphatase. 
osage: Individualize for maximum beneficial effect. 
Adults: 30 Sua dosage; 15 mg may suffice in some patients. 
Elderly or debilitated patients:15 mg initially until response is 
determined. 
Supplied: Capsules containing 15 mg or 30 mg flurazepam HCI. 
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intestina! resection and anastomosis, or when there is pessible gastrointestinal ob- 
struction; in bladder neck obstruction, spastic gastrointestinal disturbances, acute - 
oe lesionsof the gastrointestinal tract, or per&onitis; or in marked vago- 
onia 


Warnings: Fhe sterile solution is for subcutaneous use only. It should never be 
given intramusc larw or intravenously. Violent symptores of cholinergic overstimu- 
ation, such as c rculstory collapse, fall in blood pressurs, abdominal cramps, 
bloody diarrhea, shock, or sudden cardiac arrest are likey to occur if the drugis — - 
given by «ther of these routes. Although rare, these same symptoms have occurred 
after subc.itaneaus nen and may occur in cases of IIS besten or 
overdosage. ; 
Precautians: Specia care is required in patients receiviag ganglion blocking - 
compourcs because a critical fall in blood pressure mayoccur; usually, severe ab- 
dominal symptoms aapear before there is such a fall in Flood pressure. In urinary 
retention, if the sphircter fails to relax as the drug contrects the bladder, urine may 
be forcec up the ureter into the Kidney pelvis; if there i is bacteriuria, this may cause 
reflux infection. | 


Adverse Reactions: abdominal discomfort, salivation, f ushing of the skin ("hot 
feeling"), sweating. Large doses more commonly. result ia effects of para- 
sympathetic stimulaton, such as malaise, headache, sensation of heat about the . 
face, flushing, cclick™ pain, diarrhea, nausea and belching, abdominal pramps; 
borborygrri. asthrnati: attacks, and fall in blood pressure. 


Atropine is 2 specific-antidote. A syringe containing a dese, for adults, of O. 6 mg 
(1/100 grain) of etropsne sulfate should always be available to treat symptoms of 
toxicity. Use propertionately smaller amounts for children. Subcutaneous injection 
is preferred except in emergencies when the intravenous route may be employed. 
How Supplied: Tables, containing 5 mg, 10 mg, or 25 ng bethanechol chloride 
each, in bottles cf 102 and single-unit packages of 100; Injection, containing per 

ml 5 ‘mg 5ethanechol chloride and Water for Injection q.5., in 1-ml vials. 

For more detailed information, consult your MSD representative or see full MSD 
prescribing informatrn. Merck Sharp & Dohme, Division of Merck & Co., XTARA 
INC., Wes: Point, Pa. “9486 — JOUROIR2 ia22) 


Copyright © 1979 by Merck & Co., Inc. 


|n the management 


of nonobstructive 


urinary retention, 


the advantages of the 
catheter must be 
weighed against its 


| potential dangers. 


Catheterization to correct acute 
urinary retention is often manda- 
tory. However, in other situations 
its benefits should be weighed - 
against the trauma and discomfort 
it'can cause and the fact that 
infection following a single 
catheterization is a possibility. 
Moreover, the incidence rises 
dramatically after an indwelling 
catheter has been in place for 96 
hours, even with a closed sterile 
system. 
Incidence of Infection 
Following Catheterization 
Single Catheterization 
1% to 2% © 
Indwelling Catheterization 
approaching 30% to 50% 
at 96 hours 


| Injection URECHOLINE (Bethane- 


chol Chloride, MSD) is for 
subcutaneous use only. If it is given 
intramuscularly or intravenously, 
violent symptoms of cholinergic 


. overstimulation, such as circula- 


tory collapse, fall in blood pressure, 
abdominal cramps, bloody diar- 
rhea, shock, or sudden cardiac 


arrest are likely to occur. 


Although rare, these symptoms 
have occurred after subcutaneous 
injection and may occur in cases 
of hypersensitivity or overdosage. 
Atropine is a specific antidote. 


| Asyringe containing a dose, for 


adults, of 0.6 mg (1/100 grain) 
atropine sulfate should always be 
available to treat symptoms of 
toxicity. Use proportionately 
smaller amounts for children, 
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(00 COSTOS ZATIV- zAIN 
. prompt narcotic/analgesic 
relief without A.PC. 


The principal analgesic ingredient, oxycodone, is 
a semisynthetic narcotic with multiple actions 
qualitatively similar to those of morphine. The 
analgesic effect of oxycodone begins within 10 to 
15 minutes after oral administration, peaks at 45 
minutes, and persists for 3 to 6 hours.’ Acetamin- 
ophen, a non-narcotic analgesic, complements 
the pain relief provided by oxycodone. 


Summary of Prescribing Information 
Contraindications: Hypersens tivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence, physical 
dependence and tolerance may develop upon 
repeated administration; prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act. 

Usage in ambulatory patients: Caution patients that 
oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery. 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, general anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated. the dose of one 
or both agents should be reduced. 

Usage in pregnancy: Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards, 

Usage in children: Should not be administered to 
children. 





Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
Fa ence of head injury, other intracranial lesions or a 
Exo pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
injuries. 

Acute abdominal conditions TYLOX capsules or 
other narcotics may obscure t^e diagnosis or clinical 
course of acute abdominal conditions. 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture. 


Adverse Reactions: Most f'equent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patients; some of these reactions may be alleviated if 
the patient lies down. Others: euphoria, dysphoria, 
constipation. skin rash and pruritus. 
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Dosage and Administration: Dosage should be 

. adjusted according to severity of pain and response 

| of the patient. It may occasionally be necessary to 

E exceed the usual dosage recommended below in 

cases of more severe pain or in those patients who 

p have become tolerant.to the analgesic effect of nar- 
cotics. TYLOX capsules are given orally. Usual adult 

E dose is one capsule every 6 hours as needed for 

| pain. - 

T 

n Drug Interactions: CNS depressant effects may be 


additive with that of other CNS depressants. See 





h Warnings. * 
f Caution: Federal law prohibits dispensing without oxycodone HCI 4.5 mg, 
prescription: oxycodane terephthalate* 0.38 Mg, 
b For information on symptoms/treatment of over- | 
dosage. see full prescribing information. acetaminophen 200 mg 
Full direct f should oe read before adminis- . 
ull directions for use shou rea re ini * Warning: May be habit forming. 


tering or prescribing. 


*Halpern, L.M., and Bonica, J.J., “Analgesics,” in McNEIL 
Modell, W., ed. Drugs of Choice 1976-1977, St. Louis, 
The C.V. Mosby Co., 1976, p. 213. 0775 : 
y P | McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 © McN 1978 
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Clinical Value of Careinoembryonie Antigen 


Diagnosis, Pognosis, and Follow-up of Patients With Cancer 


J. David Beztry, MD; Carlos Romero, MD; Peter W. B-own, MD; Walter Lawrence, Jr, MD; Jose J. Terz, MD 


* Plasma carcineembryonic antigen (CEA) in nanograms per 
milliliter was assayed in 149 patients with benign and 567 
patients with malignant disease. Elevated CEA level ( — 5. 0) was 
a good indicator ofimalignant disease but a poor screening test 
for cancer because of the high false-negative rate. Jegree of 
elevation of plasma CEA level correlated with inc-dence of 
metasiatic disease m patients with colorectal, gastric, end breast 
carcinomas, but ne correlation was seen between CEA levels 
and status cf lympn nodes in patients with localizec disease. 
Patients with locaszed colorectal cancer, but elevated CEA 
levels before resection, had a 2.1-fold increase in the ncidence 
of recurrsnce; however, this added to the prognostie value of 
Dukes' staging ony when the CEA level remained elevated 
postoperstivelv. In 37% of patients with colorectal cencer, the 
CEA level was elevated at the time of recurrence, but a thera- 
peutic-va ue of reexsloration for unexplained CEA level elevation 
was not confirmed. 

(Arch Surg 114:5*3-567, 1979) 


(D eey antigen (CEA) was identified in 
cancer ef the colon by Gold and Freedman in 1965, 
and Thomsor et zl? in 1969 outlined a radioimm 1noassay 
for CEA levels m serum. In this assay, the antigen- 
antibody complex-s were separated by ammonium sulfate. 
Other methocs were soon developed, differing primarily in 
the method of isolation of the antigen-antibody eamplexes. 
Egan et al and acSween et al‘ reported on the use of a 
second antibody to precipitate the complexes, whereas 


Hansen et aP used zirconyl phosphate gel for the same 


purpose. The metlod of Hansen is used in the > commercial 
assay currently available. - | 

Initially, 97% ofpatients with colon cancer were Copii to 
have elevated serum CEA levels, but as patients with 
earlier stages of disease were examined, it was realized 


that fewer than 5(% of patients with early colon ezncer had 


abnorma serum œ plasma CEA levels* and that zhe CEA 
level couid Ee abnermal in the absence of carcinoma of the 
colon or rectum.’ 

The presen: study was instituted in 1972 and a prelimi- 
nary repert was issued in 1974.* Our objectives hav» been to 
assess (1) the vaue of CEA level in the diagnosis of 
malignant neoplasms of different sites of origir, (2) the 


correlaticn cf CEA level with stage of disease, (3) the value 
ee M ae don. anco tati n: bd Med 


Aeceptec for publicaaion Oct 10, 1978. 

From the Division c^ Surgical Oncology, Medical College of Virginia, 
Richmond. Dr Eeatty i ismow with the Department of Surgery, University of 
Maniteba, Winnipeg, Canada. 

Reprint requests to 3ox 11, MCV Station, Medical College c£ 
Richmond, 7A 23298 (Er Terz). 
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Virginia, 


of CEA level in estimating the prognosis of malignant 
neoplasms, and (4) the value of CEA level in the follow-up 
of patients treated for malignant neoplasms. 


METHODS 


Plasma CEA level (nanograms per milliliter) was assayed by the 
Hansen* method on the initial visit of most patients referred to 
the Division of Surgical Oncology at the Medical College of 


A Virginia, Richmond. Patients who had received treatment 


previously were excluded from this study unless they were 
referred at the time they appeared with recurrent disease. Most 
patients were treated by surgical resection, and postoperative 
plasma CEA levels were obtained on most patients. Patients 
treated for colorectal carcinoma had plasma CEA levels assayed at 
two weeks, one month, and three months postoperatively, and then 
about every three months. Recurrence and survival data for 
patients with colorectal carcinoma were colleeted and correlated 
with plasma CEA levels. Patients were considered to have recur- 
rences on the basis of clinical, roentgenographie, radiologieal, 
laboratory, and biopsy data. It was not feasible or in the patients' 
interest to document all recurrences histologically by biopsy. 
The pathological extent of disease was recorded and stratifica- 
tion was done on the basis of patients with localized disease only 
and those with advanced disease. The patients with localized 
disease were categorized according to the existence of tumor 
involvement of the regional lymph nodes, and Dukes' classification 
was used for colorectal carcinoma.” The pretreatment CEA levels 
were compared with the subsequent operative and pathological 


findings regarding extent of disease. All plasma CEA levels have 


been measured in nanograms per milliliter, but for simplicity, 
these units have not been included after each CEA value reported 


e in 1 the text. 


RESULTS 


Of the 716 patients assayed, 149 (21%) had benign 
disease and 567 (79%) had malignant disease (Table 1). An 
abnormal CEA level ( > 5.0) was found in 11% of patients 
with benign and 41% of patients with malignant disease. A 
total of 94% of patients with CEA levels > 5.0, 99% of 
patients with CEA levels > 10.0, and 100% of patients with 
CEA levels > 25.0 had malignant disease. 

The commonest cancers were gastrointestinal (GI) (65%), 


and patients with GI cancer accounted for 73% of the 


abnormal CEA values and 84% of the CEA levels > 10.0 
(Table 2). Of the remaining 22 patients who had CEA 
levels > 10. 0, 16 had breast cancer, two had benign disease, 
and one each had uterine cancer, lung cancer, lymphoma, 
and pseudomyxoma peritonei. Patients with carcinoma of 


the stomach, pancreas, and colorectum had the highest 
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. incidence of abnormal CEA levels (65%), but even in these 


RA Y EAE e é L * 
. Categories, a substantial number of patients with cancer 


~ 


— . had normal CEA levels (85%). These same cancers also were 


associated with higher CEA levels; 46% of the patients had 
CEA levels > 10.0, 26% of the patients had CEA 
levels > 25.0, and 16% of the patients had CEA 


e levels — 100.0. Little difference was seen in the distribu- 


tion of CEA levels between patients with non-GI cancer 
and patients with GI cancer other than carcinoma of the 
stomach, pancreas, or colorectum. 

All patients with cancer were classified according to 
operative and pathological extent of disease, and when 
more than 50 patients had the same type of cancer, we 
looked for a correlation between pretreatment CEA level 
and extent of disease. In carcinoma of the oropharynx, the 


— CEA levels were elevated in only 23% of patients and no 


eorrelation was observed; but in patients with breast, 


. gastric, and colorectal carcinoma, the level of preoperative 
CEA did reflect the extent of disease. 


The overall distribution of CEA values for patients with 
carcinoma of the breast was similar to that observed for 
patients with non-GI cancer; generally, however, only 15% 
of patients with localized disease had an elevated CEA 
level (25.0); whereas in 58% of patients with metastatic 
disease, the CEA level was abnormal (Table 3). The inci- 
dence of metastatic disease was 72%, 88%, and 100% for 
patients with breast carcinomas who had CEA lev- 
els > 5.0, > 10.0, and > 25.0, respectively, but within the 
group of patients having localized disease, CEA level did 
not reflect pathological axillary lymph node status. 

A similar phenomenon was observed with gastric carci- 


. noma (Table 4). Only 29% of the patients with localized 


disease had CEA levels > 5.0, whereas 85% of the patients 
with metastatic disease had an abnormal CEA level. Three 
of the four patients with localized disease and CEA 
levels > 25.0 and the one patient with a CEA level > 100.0 


. demonstrated distant metastasis shortly after the resec- 


tion. Thus, CEA levels from 0 to 5.0, > 5.0, and > 100.0 
indicated metastatic disease in 29%, 94%, and 100% respec- 
tively, of the patients with carcinoma of the stomach. 
Two patients with pancreatic carcinoma had localized 
resectable disease and their CEA values were both < 2.5. 
The remaining 26 patients with pancreatic carcinomas had 


| Table 1.—Range of Plasma CEA Levels Before Therapy 


CEA Level, All Benign Malignant 
ng/mL Patients Disease Disease 


0-5.0 467/716 (65%) 133/149 (89%) 334/567 (59%) 
$5.0 249/716 (35%) 16/149 (11%) 233/567 (41%) 
>10.0 141/716 (20%) 2/149 (1%) 139/567 (25%) 


>25.0 78/716 (11%) 0/149 78/567 (14%) 
> 100.0 46/716 (6%) 0/149 46/567 (8%) 











CEA Level, ng/mL Oropharynx Stomach 


>25.0 
>100.0 


1/92 (1%) 
0/92 


15/51 (29%) 
6/51 (12%) 
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| Table 2.—Range of Plasma CEA Levels Before Therapy for Patients With Gastrointestinal Cancer 


0-5.0 71/92 (7796) 17/51 (3396) 10/28 (3696) 54/155 (3596) 32/41 (7896) 
25.0 21/92 (2396) 34/51 (6796) 18/28 (6496) 101/155 (65%) 9/41 (22%) 
710.0 5/92 (596) 20/51 (3996) 12/28 (4396) 75/155 (4896) 7/41 (1796) 





locally unresectable disease or metastatic disease 
(Table 2). 

A total of 151 patients were seen primarily with colorec- 
tal neoplasia before any treatment (Table 5). Of patients 
with benign polyps or Dukes’ A carcinoma, 85% had normal 
CEA levels; whereas in 85% of patients with metastatic or 
recurrent disease, the CEA level was abnormal ( > 5.0). As 
the pathological extent of disease increased, the incidence 
of higher CEA values ( 10, > 25, and > 100) also 
increased. The distribution of CEA levels at recurrenee for 
patients whose disease was originally considered localized 
was almost identical to that of the patients who originally 
appeared with metastases. Analyzing the data by CEA 
levels we observed that a normal CEA level was associated 
with localized disease in 81% of patients, whereas CEA 
levels > 5.0, > 25.0, and > 100.0 were associated with 
metastatic disease in 65%, 79% and 92% of patients, 
respectively. 

Of the 58 patients with Dukes’ A, B, and C colorectal 
carcinoma who had been followed up for 18 months or 
longer (mean, 46.4 months; range, 18 to 72 months) recur- 
rent disease developed in 19 of them. Recurrence developed 
in nine of 38 patients (24%) with normal CEA levels before 
resection, whereas recurrence developed in ten of 20 
patients (50%) with abnormal preoperative CEA levels. 
Thus, an abnormal preoperative CEA level was associated 
with a 2.1-fold increase in the incidence of recurrence in 
patients with resectable colorectal cancer. The disease-free 
survival rate at three years of all patients with resectable 
colorectal cancer was 33/48 (69%). Recurrence did not 
develop in any patients with Dukes’ A disease, patients 
with Dukes’ B disease had a 70% disease-free survival at 
three years, and patients with Dukes’ C disease had a 50% 
disease-free survival at three years. Patients with normal 
CEA levels had a three-year disease-free survival rate of 
73%, and those with a CEA level > 5.0 had a three-year 
disease-free survival rate of 60%. However, consistent 
correlation between preoperative CEA level and disease- 
free survival could not be demonstrated within a given 
Dukes’ stage. 

Levels of CEA were followed serially after operation in 
most patients with colorectal carcinoma. A total of 15 of 
the patients in whom recurrence developed had CHA levels 
monitored and 13 of these patients had a CEA level > 5.0 
at the time recurrence was reported. In most patients with 
Dukes’ A, B, or C carcinoma of the colon, the CHA levels 
returned to normal within two weeks to one month. Levels 
of CEA in several patients were not normal until three 
months postoperatively. In three patients, the CHA levels 
remained elevated after this time and were observed to be 
increasing from one measurement to the next. Metastatic 
disease was eventually identified in all three of these 
patients (6, 10, and 23 months postoperatively). Three other 
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41/155 (26%) 
29/155 (19%) 


5/41 (12%) 
2/41 (5%) 


4/28 (14%) 
2/28 (7%) 
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Table 4.—Range of Plasma CEA Levels Before 
Therapy for Patients With Gastric Carcinoma 


Table 3.—Fange of Plasma CEA Levels Before 
Therapy fer Patients With Breast Carcinomas 






































Carcinomas 
Benign —————— ._O OOM 
CEA Level, ng/m- Polyps Dukes’ A Dukes’ B, C Metastatic Recurrent 


>100.0 0/16 C/11 2/60 (396) 23/64 (36%) 5/15(339) | 


SIFTS CUTS J 2 SS 
‘ ' 1 y "Two "ou ^ 


Localized, CEA Level, ng/mL Localized, Nodes + or — Metastatic - 
ng/mL Total Nodes + or — Metastatic 0-5.0 - 42/17 (71%) Seu Ka 
0-5.0 790115 (69%) 56/66 (85%) 23/48 (47%) 50. 5/17 (29%) 29/34 (859) ] 
50 3€-115 (31%) 10/66 (15%) 26/49 (53%) 210.0 | 4/17 (24%) 16/34 473) | 
-102 16115 (14%) 2/66 (3%) 14/49 (29%) [ O50 Se AA O ^: 1S DEMNM 
2250 E/115 (7%) 0/66 8/49 (16%) >100.0 1/17 (6%) 5/34 (15%) | 
E/115 (4%) 0/66 5/#9 (10%) 


Table 5.—Range of Plasma CEA Levels Before Therapy For Patients With Colorectal Neoplasia 





patients had trensient increases in CEA level that had 
returned to normal when the tests were repeated. No 
recurrent disease developed in any of these patieats subse- 
quently. Ten of the patients with recurrent disease had 
norma! CEA levels postresection and then eleva:ed serum 
CEA levels at the time the recurrence was diagncsed based 
on other investigations, such as liver function tests, liver 
sean, liver biopsy, chest or bone roentgenography and bone 
sean or laparotemy. In eight of these ten patients, the 
diagnosis of recirrence was preceded by up to 15 months 
(mean, 7.9 montks) by an increase in CEA level. In all eight 
cases. the CEA level was not just elevated, bu* repeated 


— — tests confirmed -hat it was also increasing. Reexamination 


of the original pretreatment CEA levels in these ten 
patients revealed that half (five) had had normal and half 
(five) had had a»normal CEA levels. 

Three patients were subjected to laparotomy for persis- 
tent, unexplained abnormal CEA levels that were continu- 
ing to increase. In two patients, the CEA level had 
- returned to normal after resection and then hac increased 
to abnorma! levels. Laparotomy had been perfcrmed four 
and nine months after the initial postoperative ncrease in 
CEA level. în oae patient, the CEA level never returned to 
normal postope-atively and the laparotomy was performed 
ten months after the original resection. None of the three 
patients having laparotomy were candidates far resection 
of the disease identified by the procedure >ecause of 
multiple hepate metastases affecting both labes of the 
liver in all of them and also because of multiple peritoneal 
implants ir-one patient. 


COMMENT 


The ideal substance for the early detection of tumors 
should be cancer-specific and, if possible, organ-specific; its 
concentration in plasma and/or other body fluics should be 
proportional tothe tumor cell mass; and it should be easy to 
assay. Our first objective in this study was to evaluate 
plasma CEA levels as a marker for the early detection of 
disease. Neville" had noted that only one of 335 healthy 
controls had a SEA value greater than 5.0 ng/ml. Troncone 
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et al’? found three of 57 healthy controls with an elevated 
plasma CEA level (> 5.0 ng/ml) and Hirai* found the 
CEA level 5.0 ng/ml in 1.4% of 416 normal adults. 
Hansen et al? reporting on over 2,000 healthy subjects, 
noted that the CEA level was greater than 5.0 in 0.2% of 
nonsmokers, 4.0% of smokers, and 1.7% of former smokers. 
On the basis of these articles, we used a plasma CEA level 
of 0 to 5.0 ng/ml as the most practical normal range and 
considered values above this as nonspecific indicators of 


disease. We used the zirconyl phosphate gel technique of — 
Hansen? because it was rapid, reproducible, and readily — 


available. 

The patients screened for plasma CEA levels had all been 
referred to the Surgical Oncology Division and thus were a 
selected population. Almost 80% of the patients had malig- 
nant disease, primarily GI and breast cancer. Few patients 
were referred for pulmonary, genitourinary, hematologi- 
cal, or neurological malignant neoplasms. The CEA levels 
that we observed in patients with benign disease compared 
favorably with the report by Hansen et al* that 895 of 
patients with benign disease had CEA levels > 5.0. The 
overall distribution of CEA values that we observed in 
patients with a variety of cancers (Table 1) was similar to 
the distributions reported by Hansen et al* and Neville,” 
thus supporting our conclusion that a plasma CEA 
level > 5.0 was a nonspecific indicator of disease, benign or 
malignant, and that a level > 10.0 was a nonspecific 
indicator of cancer. Although a plasma CEA level > 10.0 
suggested GI cancer as the primary condition, it was not 
diagnostic of a specific tumor type. 

The plasma CEA level was of much less value in ruling 
out the existence of malignant neoplasms. In 59% of 
patients with cancer, the plasma CEA level would have 
given a false-negative screening test. Caution must there- 
fore be exercised to avoid interpreting a normal CEA level 
as indicating “no malignant disease.” 

The prognostic value of pretreatment plasma CEA levels 
was examined in four different tumor types by comparing 
CEA level with pathological extent of disease. In carcino- 
ma of the oropharynx, no correlation could be made 
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| E Mere cel CEA fevel and pathological age of disease. ‘Our 
Es results in patients with breast cancer (Table 3) are in 


. keeping with those reported by Steward et al" and 
Neville." Steward considered a plasma CEA level greater 
than 2.5 ng/ml as elevated and noted that 2796 of patients 
with localized disease and 79% of patients with metastatic 
disease had elevated CEA levels. In patients with localized 
disease, they also showed little differences in the CEA 
levels between those with and without lymph node involve- 


ment. Only 1/22 patients with localized disease had a CEA 


level > 10 and none of them had a CEA level > 25. Thus, 


. pretreatment determination of CEA level in patients with 


proved carcinoma of the breast was of value in indicating 


the presence of metastatic disease. We consider a CEA . 


-. level > 10 as suspicious and > 25 as highly suspicious (but 








| E: not diagnostic) of metastases. Martin et al,^ commenting 
= On their 62 patients with breast carcinomas, came to the 


same conclusions. 

Patients with gastric and colorectal carcinoma had 
elevated preoperative CEA levels in 66% of cases (Table 2) 
and CEA levels correlated with the gross extent of disease 
(Table 4 and 5), but just as with breast cancer within the 
localized disease group, the CEA level did not correlate well 
with lymph node involvement. The observations in local- 
ized colorectal carcinoma that few patients with Dukes' A 
lesions had abnormal CEA levels has been reported by 
many authors,'''**-° but the finding of little difference in 


_CEA levels between patients with Dukes’ B and C disease 


has been more controversial. Our results agree with those 
of some authors''^;5** and conflict with the results of 
others.!*.19.20 

Plasma CEA level was not, therefore, conclusive for the 
presence of cancer at an early stage. Levels of CEA > 5.0 
were suspicious for cancer and levels — 10.0 were highly 
suspicious, but patients with these levels ( — 10.0) also 
tended to have more advanced disease. The test was not 
specific for a given tumor type, but elevations of CEA 
levels — 10.0 did suggest GI cancer. The increasing extent 
of disease observed with higher CEA levels did indicate 
that the CEA level was proportional to the tumor cell mass 
in those patients having elevated CEA levels. Presently, 
determination of CEA level is not conclusive for the early 
detection of eancer but may be a useful adjunct to other 
tests." As suggested by Gold and Freedman" a persistent- 
ly abnormal plasma CEA level should be interpreted as 
suspicious of cancer, and in the absence of an adequate 
reason for the abnormal CEA level, such patients should be 
followed carefully for the possible development of a GI 
malignant neoplasm. Edgington et al? suggested that part 
of the nonspecificity of CEA levels was related to the 
heterogeneity of the CEA preparations, and they reported 
greater specificity with an isomeric species of CEA (CEA- 
S). Our results indicated that depending on the site of 
origin of malignancy, the degree of elevation of CEA level 
correlated with the incidence of metastatic disease (breast, 
stomach, and colorectum) and pretreatment CEA level 
assessments were of substantial value in identifying 
patients at greatest risk of having extensive disease before 
an operative exploration. 

Our results showed that abnormal preoperative CEA 
levels were subsequently associated with a 2.1-fold increase 
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in the incidence of recurrence after resection of colorectal 
carcinoma. Similar findings, but for shorter durations of 
follow-up, were noted by LoGerfo and Herter” and by 
Koch et al.** Our results also showed the customary corre- 
lation between Dukes’ stage and recurrence. LoGerfo and 
Herter, in addition, have shown substantial differences in 
the CEA levels among all three Dukes’ stages and were 
able to show within a given pathological stage that the 
plasma CEA level correlated in a consistent fashion with 
recurrence. We could not show this phenomenon, perhaps 
because of the small numbers in the subgroups, and we 
therefore support the conclusions of Chu et al? that 
preresection plasma CEA levels and Dukes’ stage each can 
be used to estimate a prognosis, that Dukes’ staging is 
more discriminating, and that the combining of Dukes’ 
stage and preresection CEA level does not enhance the 
value of Dukes’ stage alone in estimating a prognosis. 

Although CEA level was of value before therapy in 
estimating the extent of colorectal carcinoma and in 
indicating prognosis of resectable lesions, it was most 
helpful after “curative” resection in identifying recur- 
rence. Recurrence developed in all three patients with 
persistently elevated CEA levels after “curative” reseetion 
of colorectal cancer. Mach et al'* described five patients 
with the same findings. We observed that a high propor- 
tion of patients (13/15) with recurrence had elevated CEA 
levels at the time recurrence was identified. This was 
previously noted by Herrera et al^* and Rieger and Wahr- 
en.” Our observation that a transient rise in CEA level was 
not uncommon and that it did not indicate recurrent 
disease agrees with the results of Sorokin et al.” Rittgers 
et al” stressed the importance of this observation if one is 
using the "CEA nomogram” outlined by Martin et al” as a 
guide for a second-look procedure. In 11 of the 13 patients 
with elevated CEA levels, the CEA level increase preceded 
other indications of disease by months (mean, > eight 
months). This is similar to the observations of many other 
authors.'*?"2*-5 In ten patients, the CEA level was normal 
after resection and then became abnormal 0 to 15 months 
(mean, 6.3 months) before the diagnosis of recurrence. © 
Interestingly, half of these patients had had norma! prere- 
section CEA levels, which indicates that CEA level is of 
value in the follow-up of patients with normal preresection 
CEA values. 

On the basis of persistently elevated and increasing CEA 
levels, and in the absence of other evidence of persistent 
disease, we had three patients undergo laparotomy. All 
three of them had nonresectable disease. In 1974, Gunder- 
son and Sosin?' described 75 patients who had planned 
reoperations at six- to nine-month intervals after resection 
of rectal carcinoma. In only four of the 52 patients in whom 
persistent rectal carcinoma was identified were the condi- 
tions converted to a disease-free status. Mackman et al^ 
treated 102 high-risk patients with colorectal cancer with 
5-fluorouracil postoperatively for six to 12 months and 
second-look operations were performed nine to 12 months 
after primary resection. In only five patients in whom a 
tumor was identified was the condition converted to a 
tumor-free status by the surgery. Recent reports from 
Minton’s***°** group at Ohio State University, Columbus, 
suggested that these low yields of therapeutic benefit from 
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the secord-look precedures may be improved by tke use of 
CEA levels as an indicator of recurrence. They -eported 
that 22 eeliotomies were performed because of 2levated 
CEA levels alone and found that the conditions of six (27%) 
of the patients were converted to a disease-free status. 
They noted that the patients with unresectable recarrences 
had a lorzer curation between elevation of the CZA level 
and celietomy ard thus instituted a policy of earlier 
celiotomy for 1nexplained CEA level elevation after resec- 
tion in patients with colorectal cancer. Their most recent 
report of 14 patieats having early celiotomy indizated 11 
patients (7895. with locally resectable disease. McPherson 
and Kech* described 14 patients with high levels of CEA 
and no evidense of disease. They converted the conditions 
of five patients to a tumor-free status by surgical resec- 
tion. Moertel et aP* recently reported that patieats with 
local reevrrenees ia areas accessible to physical examina- 
tion (ie, pelvis. permeum) have a 33% incidence of elevated 
CEA levels (>50 ng/ml) They suggest thet most 


intraabdeminal recurrences identified by an elevated CEA 


level cannot be treated surgically with resection. 

We hase descri»ed here only three patients who had 
laparotormies because of elevated CEA levels. As noted by 
Minton et al^ the long duration between CEA level 
increase and laparotomy in these three patients is consis- 
tent with a low incidence of resectability. As well, we have 
considered the CEA level range of 0 to 5.0 as normal in the 
serial fol ow-up and this may be less sensitive than estab- 
lishing the patient s own baseline and defining “abnormal” 
as > 2 SPs above this level (CEA nomogram). Hovever, in 
all the reports of surgical resection for recurrent disease 
initiated by high SEA levels, the follow-up reported has 
been short. M ntom et al? noted 17 resections fram 1972- 
1977, but only six cisease-free survivors at one yezr. Thus, 
it will be some time before it is established that oatients 
with resectable recurrences are indeed tumor-free. A 
cooperative trial tc examine the value of reexploretion for 
elevated »lasma CEA level is currently being implemented 
by the Seciety of Surgical Oncology, and we hope it will 
indicate the elinical value of analyzing CEA levels in 
follow-up of patieats with colorectal cancer after “cura- 
tive” resection. 


Dr Beatty is recipient of the McLaughlin Foundation Fellowship, Canada. 
CEA assay was provided by Hoffmann-LaRoche Ine, Nutley, NJ 
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Lung Volume and Blood Oxygenation After 


Intermittent Positive Pressure Breathing 


Robert E. Dutton, MD; Bruce D. Browner, MD; Samuel R. Powers, Jr, MD 


e Functional residual capacity (FRC) was measured in 12 
postoperative patients and in one preoperative patient before 
and after they received intermittent positive pressure breathing 
(IPPB) with room air for ten minutes at a peak delivered pressure 
of 15 cm H,O. Ten patients had a normal or low pretreatment 
FRC. After cessation of IPPB, the mean FRC decreased further. 
Arterial oxygen tensions, measured in 11 of the 13 patients, 
decreased in all 11 from a pretreatment mean of 67.8 + 4.3 mm 
Hg to an immediate posttreatment mean of 57.7 + 4.2 mm Hg. In 
five patients repeated arterial blood gases were measured. At 30 
minutes, their arterial oxygen tensions had returned to the 
pre-IPPB values. This study demonstrates that the routine use of 
IPPB in postoperative patients accentuates preexisting hypoxia 
and, therefore, must be used with caution. 

(Arch Surg 114:568-571, 1979) 


cue a al positive pressure breathing (IPPB) was 
introduced and carefully evaluated as a technique for 
ventilatory support by Motley et al' in 1948. The use of 
IPPB to prevent or correct postoperative atelectasis was 
proposed by Rudy and Crepeau? and Neorhen et al? a 
decade later. Each of these authors described specific 
regimens for IPPB in postoperative care and noted the lack 
of experimental evidence to support the asserted benefit of 
the technique. Subsequently, a study by Anderson et al* 
supported the effectiveness of IPPB in preventing pulmo- 
nary complications after surgery. However, other studies 
using clinical criteria demonstrated no decrease in the 


‘incidence of pulmonary complications after the use of 


IPPB in postoperative patients.» In each of these studies, 
the presence or absence of fever, cough, rales, and the 
appearance of the chest roentgenogram were the clinical 
criteria used for determining the occurrence of pulmonary 
complications. 

Intermittent positive pressure breathing is widely used,’ 
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but its efficacy in the management of postoperative 
patients has not been clearly established. Motley et al' 
observed increased lung volume and improved blood gas 
levels during the use of IPPB in normal subjects and 
patients with chronic obstructive pulmonary disease. 
Previous studies from this center have demonstrated a 
deleterious effect of high airway pressures associated with 
positive end-expiratory pressure on the arterial oxygen 
tension in 30% of trauma patients requiring ventilatory 
support.*'^ The present study was undertaken to assess 
whether improved lung volumes and blood gas levels would 
occur in postoperative patients after cessation of IPPB. - 


MATERIALS AND METHODS 


Thirteen patients ranging in age from 14 to 68 years who had 
abdominal or thoracic operations were stuc ied (Table 1). The 
studies were conducted one to five days after surgery, except for 
patient 18 who was studied preoperatively. No patient had 
received IPPB or endotracheal suction for at least one hour prior 
to the study. All patients breathed room air. They were turned, 
were encouraged to cough, and took deep breaths every two 
hours. 

Patients were transported in their beds from the surzical floors 
to the trauma center for the study. An indwelling catheter was 
placed in a radial artery. After one hour at rest, an arterial blood 
sample was drawn over a period of 30 seconds for determination of 
pretreatment blood gases. This was followed by the measurement 
of recumbent functional residual capacity (FRC) by the nitrogen 
washout technique. Each patient then received ten minutes of 
IPPB by face mask from a pressure-cycled ventilator set to deliver 
room air at a maximum airway pressure of 15 cm H,O. The 
patients were instructed to take slow deep breaths. No positive 
end-expiratory pressure was used. Normal saline solution was used 
in the nebulizer to prevent dessication of the bronchial mucosa. 
Immediately after completion of treatment, arterial blood samples 
were again drawn from the indwelling catheter over a period of 30 
seconds. This was followed by measurement of posttreatment 
FRC. In five patients, serial blood gas determinations were made 
at intervals up to one hour. Arterial blood gas levels were 
measured by standard electrodes. Recumbent FRC was deter- 
mined by computer analysis of simultaneously transmitted nitro- 
gen concentration signals from a continuously sampling mass 
spectrometer and gas-flow information from a specially designed 
bag-box wedge spirometer. This technique provides an accurate 
measure of FRC independent of the phase of the respiratory cycle 
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at the start of the analysis. The gas mixture used for nitrogen 
washout was either 21% oxygen in argon or 40% oxygen in argon. 
These mixtures were used in preference to 100% exygen for 
washing eut nitrogen to avoid a potentially deleterious effect on 
intrapulmenary shumting during the use of 100% oxygen. 
Informed eonsen* for the aforementioned procedares was 
obtaineé rom the patient after the nature, purpose, and risks of 
all procedures to be performed were explained according to the 
recommendations in the Declaration of Helsinki. 


RESULTS 


The 18 patients were divided into two groups on the 
basis of their pretreatment functional residual capacities. 
In three patients, these were greater than 20% above their 
predicted values (group 1, Table 2). The remaining ten 
patients had initial FRCs equal to or below their predicted 
values (group 2, Table 2). When the ratio of measured- — 
to-predicted FRC was plotted before and after IPPB 


Tabe 1.—Description of Patients 


Case. Sex/Age, yr 
T/F/4&€ 


Surgical Procedure 
Abdominal aortic aneurysmectomy 


e'F/58 


Abdominal aortic aneurysmectomy 
Ventral herniorrhaphy 





4 M/1« Surgical repair of bullet wound of heart 


t. M/1& 
&£. M/2* 
7.F/26 
E. M/4€ 
GE F/51 

TC M/5« 
Tt. M/5€ 


Closure of ileostomy 
Appendectomy 

Splenectomy, small bowel resection 
Cholecystectomy 

Repair of epigastric hernia 

Sigmoid colon resection 


TZ M/6C 


Abdominal aortic aneurysmectomy 


Aortofemoral bypass 


Splenectomy and exploratow thoracotomy 


Pulmonary and Other Diagnoses 


Bronchial asthma, mild chronic obstructive pulmonary 
disease; clear lung fields on roentgenogram 


Old myocardial infarction; normal lungs* 


Old myocardial infarction; obesity; heart slightly en- 
larged, rales at lung bases; clear lung fields on roent- 
genogram 


Pulmonary laceration in tract of bullet; elevated left side 
of diaphragm and congestion, left lung base 


Left pleural effusion and pneumothorax with chest tube 
Normal lungs 
Normal lungs 
Normal lungs 
Normal lungs 
Normal lungs 


Small opacity at right lung base four days after study; 
normal lungs 


Scattered densities adjacent to right hilar region on 
roentgenogram; normal lungs 

Emphysematous lungs by roentgenogram; ceased smok- 
ing one year prior to admission; leg pain, but no 
dyspnea on exertion 


*“Normal lungs'' indicates that patient had no history of pulmcnary disease and no evidence of lung disease by roentgenogram or physical examination at 


time of stuey, unless otherwise noted. 


Table 2.—Functional Residual Capacity, Arterial Blood Gases, and Arterial pH Before and 
After Administration of Intermittemt Positive Pressure Breathing in Postoperative Patients* 


Pre-IBBP 


Arterial Blooc Levels 
Predicted 
FRC, mL 


Group 1 (FRC 2996 above predicted) 
1,412 7.51 


1,667 7.49 
750 7.46 
1,276 7.49 


Group = (FRC < 2996 above predicted) 
2,497 7.46 


2,556 7.51 
3,268 7.46 
1,844 7.51 
2,406 7.49 
1,267 7.47 
3,055 eke 
3,157 7.48 
2,681 7.47 
3,357 7.46 
2,609 7.48 
209 0.01 


4 
5 
5 
T 
8 
9 
70 
T 
2 
173 
Ea 


n 


tn j| Z 
H 


P by pēired t 
test 





Post-IPPB 
Arterial Blood Levels 


Po, 


2,120 
3,380 
1,450 
2,317 


1,530 
1,340 
2,240 
1,000 
2,050 
1,100 
2,160 
1,451 
1,790 
1,450 
1,611 

137 


“Functional residua! capacity is FRC and intermittent positive pressure breathing, IBBP. 


TNo subs-antia diffeseence between pre-IPPB and post-IPPB. 
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(Figure), all three patients in group 1 showed an increase 
in FRC after IPPB. In contrast, only one of ten patients in 
group 2 with an FRC equal to or less than predicted 
demonstrated an increased FRC after IPPB. Although the 
mean FRC of the three patients with initially elevated 
FRCs increased from 1,873 to 2,317 mL, their mean Pao, 
decreased from 64 to 55 mm Hg (Table 2). The mean FRC 
of the remaining ten patients decreased from a pretreat- 
ment value of 2,232 mL to a posttreatment value of 1,611 
mL. Arterial oxygen tension was measured in eight 
patients after IPPB from an initial mean of 69.1 to a mean 
of 58.7 mm Hg (Table 2). Statistical analysis was not 
performed in group 1, since there were only three patients. 
However, in group 2, the decreases in both FRC and Pao, 
are statistically significant by Student's paired t test 
(P < .02). 

In four of the aforementioned patients and in one other 
patient, in whom a repeated FRC was not done, additional 
blood samples were obtained at intervals up to one hour 
after administration of IPPB (Table 3). The arterial oxy- 


FRC/ PREDICTED FRC 


FTER 
IPPB ^ 


BEFORE 


Functional residual capacity (FRC) of patients before and after 
intermittent positive pressure breathing (IPPB) expressed as a 
fraction of predicted value. In group 1 patients FRC was greater 
than 2096 above predicted value (ratio greater than 1.2) before 
IPPB. All other patients were designated group 2. 


Immediately 
Post-IPPB 


Patient* 





gen tension essentially returned to its pre-IPPB value by 
30 minutes. 


COMMENT 


The development of atelectasis and pneumonitis in 
postoperative patients was recognized early in this 
century.''^* Since then, there have been many reports of 
the incidence of pulmonary complications after surgery," 
leading to the incorporation of various respiratory maneu- 
vers into regimens for postoperative care.* Reduction of 
vital capacity and FRC associated with arterial hypoxemia 
have been consistent findings in postoperative pa- 
tients. This hypoxemia may be caused by continued 
perfusion of poorly ventilated or nonventilated segments 
of the lung.'* 

The development of atelectasis after surgery is thought 
to be the result of abnormal patterns of ventilation charac- 
terized by monotonous tidal volumes and the absence of 
spontaneous deep breaths. Consequently, the :ntermit- 
tent delivery of air or oxygen under positive pressure 
would seem to be a reasonable method for providing 
periodie hyperinflation of the lung to prevent or treat 
atelectasis. As a result, IPPB has become a widely used 
technique in postoperative care, and its effectiveness is 
generally taken for granted. However, it seems that IPPB 
as used in this study fails to meet this objective. Even 
though it is likely that FRC increased during the treat- 
ment period in the patients in this study, in nine of these 
patients FRC was not sustained at a higher level for even a 
few minutes after cessation of IPPB. 

There are several possible explanations for the failure of 
IPPB to produce a sustained increase in alveolar volume. 
The patients may have swallowed some portion of each 
bolus of air delivered by the ventilator. Gastric distention 
by swallowed air may elevate the left diaphragm and 
decrease thoracic volume. Also, patients with fractured 
ribs, incisional pain, or a lack of understanding will resist 
the sudden delivery of air by a ventilator. Finally, it is 
possible that some, or even all, of the patients in the 
present study did not receive a sufficient volume of gas to 
initially expand collapsed alveoli. Yanda?! documents that 
the volume of gas received by a patient from a pressure- 
cycled ventilator is not known unless this volume is moni- 
tored. Intentionally, no pre-IPPB maneuvers or incentives 
were introduced in this study, since they might have 
improved the state of the patient's lungs from that 





*Numbers correspond to patients in Table 2. Patient 14 is additional patient not included in general study. 
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routirely encountered in postoperative patients in this 
medical certer and could have obscured a beneficial effect 
of IPPB. Hence, in accordance with usual hospital practice, 
there was neither a measurement of vital capacity before 
IPPB normonitoriag of expired tidal volume during IPPB. 
As a result of these restrictions, no data could be obtained 
that would shcw the level of lung inflation these patients 
could spontaneously attain. 

Interm ttent positive pressure breathing that ddivers a 
greater alveolar veatilation than the patient's spon -aneous 
alveolar ventilation may lead to posthyperventilation 
hypoxia i? apnea or hypoventilation develops after the 
IPPB is discontinmed. If a decrease in Paco, hes been 
induced by IPPB, £ decrease in Pao, of a profound degree 
may Gevelop before Paco, is restored to normal. Siace CO, 
is much mere solu»le than O, in tissues, CO, generated 
during the period ef apnea is distributed throughout the 
tissues, leacing to sustained arterial blood hypocapnia. On 
the other hand. oxygen is removed at a constant race from 
the aymeie lang as bng as oxygen delivery to the tissues is 
maintained *^*-* 

Poschyperventiletion apnea is much more likely :o occur 
after pasive hyperventilation than after maneuvers 
requiring active participation of the respiratory muscles, 
because a neural influence, such as that from active 
movement of muscles, seems to provide a nonmemical 
stimu us zc the respiratory center. However active 
hypervendlazien may also lead to episodes of a»nea so 
severe that death may result" or ventilatory support is 
required for survival; Hypoxentia as low as 27 mm Hg 
Pao, cid mot provice an adequate ventilatory drive during 
hypocapn a in the »atient reported by MacDonnel et al.” 
Posthyperventilatien apnea after just five deep breaths is 
common im patients with diffuse brain disease (87%) and is 
not infrecuent in hospitalized patients with no evicence of 
diffuse brain cisease (16%).** The patients in the present 
study fall into the latter group. However, IPPB was 
admiristered t» the present patients at a rate slow enough 
to prevent alveolar hyperventilation, since the Paco, level 
measured cn blood samples drawn within a few seconds 
after *essation of IPPB showed values close to con-rol and 
there was ro sabstantial change in mean Paco, level from 
the centre! period. No apnea was observed during either 
the second arteria biood sampling period or the second 
nitrogen washout determination of FRC. Nevertheless, 
 eare shoulc be exercised in administering IPPB, since 
posthypervent lation apnea may occur. | 

In every patient in this study, the technique fcr IPPB 
routinely ased in tnis medical center resulted in £ subse- 
quent decrease in arterial oxygen tension. Such a consis- 
tent reduction in arterial oxygen tension could result from 
a rapidly developing maldistribution of ventilation-perfu- 
sion relationships n the lung after cessation of IPPB.** 
Venti atien and perfusion are well matched durinz IPPB 
in normal sabjects -n supine positions despite the cbserva- 
tion taat scth ventilation and perfusion at the base of the 
. lung decrease,” but there has been no similar study of 
ventilatiom-perfusien relationships after terminztion of 
IPPB The results of present study suggest taat the 
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technique routinely used for IPPB does not regularly 
improve lung volume and is followed by reduced arterial 
blood oxygenation. 


This study was supported by grants GM-15426, HL-12564, and 1-NO- 
1-RR-00749 from the US Public Health Service. 
Howard Stratton, PhD, was the statistical reviewer. 
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Extensive research and clinical experience have | 
established that anaerobic bacteria, once thought ` 
innocuous, are often the cause of serious infections. 3 
During this time, clinical experience has ` i 
also established the efficacy of Cleocin* Phosphate 
(clindamycin phosphate injection, NF) in serious 
anaerobic infections— primarily intra-abdominal — 
sepsis and female pelvic infection—used concomitantly 
with appropriate surgical procedures. 
Clindamycin has maintained an excellent record 
of in vitro activity against Bacteroides fragilis, the most 
commonly isolated anaerobic pathogen in these infections. 





In Vitro Susceptibility of B. fragilis at Three Infectious Disease Centers* 
as Determined by Agar or Broth Dilution Method 


Cumulative Percentage at 
Various Concentrations (ug/ml) 










Number of 
Strains 








Center eee: 
. May  to1972 195 96 100 100 
i C 1974-76 . 92 | 93 . 100 100 
Wadsworth to 1972 123 89 96 100 
1972-75 76 84 96 100 
Tufts 1973-76 26 100 100 100 
1977 59 98 98 gst 
1978 37 100 100 100 


* Published data or data on file with The Upjohn Company. The use of this data does not 
constitute, imply, or suggest a recommendation of Cleocin by these centers. 


*Of 678 strains tested at these centers, only one resistant strain, with an MIC of 32 ug/ml, 
was encountered. 


In a study of six healthy male volunteers receiv- 
ing 600 mg intravenous infusions of Cleocin Phosphate 
every six hours, the mean peak serum concentration 
following the fourth dose was 10.42 ug/ml. The mean 
serum concentration immediately before infusing the 
fourth dose was 3.27 ug/ml. 

The parenteral route is recommended initially. 
Oral Cleocin® HC! (clindamycin HCI capsules, USP) 
may be instituted when the patient's clinical status 
has improved. 

As there is no cross-allergenicity to the 
B-lactam antibiotics, such as the penicillins and 
cephalosporins, Cleocin is useful in seriously ill 
patients infected with susceptible organisms and who 
are sensitive to drugs in those classes. Hypersen- 
sitivity to clindamycin has been reported; if a hypersen- 
Sitivity reaction occurs, the drug should be discontinued. 
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patients o: other patents for whom, in the judg- 
ment of the physician, a penicillin is inappropri- 
ate. Becatse of the risk of colitis, as described in 
the WARNING box, before selecting clindamycin 
the physican shoulc consider the nature of the 
infection and the suitability of less-toxic alter- 
natives (ec, erythromycin) 

Anaerobes: Serious respiratory tract infections 
such as empyema, anaerobic pneumonitis and 
lung abscess; serious skin and soft-tissue infec- 
tions; septicemia; intra-abdominal infections such 
as peritoncis and intra-abdominal abscess (typi- 
cally resul" ng from anaerobic organisms resident 
in the normal gastrointestinal tract); infections of 
the female pelvis and genital tract such as endo- 
metritis, nongonococcal tubo-ovarian abscess, 
pelvic cell. litis and postsurgical vaginal-cuff 
infection. 

Streptococci: Serious respiratory tract infec- 
tions; sericus skin and softtissue infections; 
septicemie- 

Staphylecocci: Serious respiratory tract infec- 
tions; sericus skin and soft-tissue infections; sep- 
ticemia; acute hematogencus osteomyelitis. 

Pneumacocci: Serious respiratory tract 
infections. 

Adjunct.ze Therapy: In the surgical treatment of 
chronic bcne and joint infections due to suscep- 
tible organssms. Indicated surgical procedures 
should be »erformed in conjunction with antibi- 
otic therapy. 

Bactericaogic studies should be performed to 
determine ‘he causative organisms and their sus- 
ceptibility © clindamycin. 

Contraind:cations: History of hypersensitivity to 
clindamycin or lincomycin. 


Warnings: See WARNING box. Studies indicate 
a toxin(s)produced by Clostridia is one primary 
cause o antibiotic-associated colitis. Mild 
cases »f colitis may respond to drug discon- 
tinuance alone. Moderate to severe cases 
should be managec promptly with fluid, 
elecwolyte, and protein supplementation 
as indicated. Systemic corticoids and corti- 
coic retention enemas may help relieve 
the colitis. Other causes of colitis should 
also De considered. 

A careful inquiry should be made con- 
cerninc previous sensitivities to drugs and 
other allesgens. Antagonism has been dem- 
onstratec between clindamycin and erythro- 
mycin in "itro. Because of possible clinical 
significanze, these two drugs should not be 
administered concurrently. 

Usage ir: Pregnancy: Safety for use in preg- 
nancy has not been established. 

Usage in Newborns and Infants: When clinda- 
mycin phosphate is administered to newborns 
and infants: appropriate monitoring of organ sys- 
tem functions is desirable. 

Nursing Aothers: Clindamycin has been 
reported tosappear in breast milk in ranges of 0.7 
to 3.8 ug/ml. 

Usage im Meningitis: Since clindamycin does 
not diffuse adequately into the cerebrospinal 
fluid, the drug should not be used in meningitis. 


SERIOUS ANAPHYLACTOID REACTIONS 
REQUIRE IMMEDIATE EMERGENCY TREAT- 






WARNING 
Clindamyein therapy ^as been associated 
wiih severe colitis which may end fatally. 
Therefore it shouid be reserved for serious 
infections where less-oxic antimicrobial 
agents are inappropriate, as described in the 
INDICATIONS sectior. It should not be used 
in patients wit? nonbacterial infections, such 
as most upper respiratory tract intections. 
Studies indicete a toxm(s) produced by Clos- 
tridia isone primary cause of antibictic-asso- 
cieted colitis. See WARNINGS section. The 
Colitis is usual y characterized by severe, per- 
sistent diarrhea and severe abdominal 

cramps and may be sssociated with the pas- 
sage of biood anc mucus. Endoscopic exam- 
ination may reveal pseudomembranous 
colitis. 

When significant diarrhea occurs, the drug 
shouid be discontinuad or, if necessary, con- 
tinued oniy with closesobservation of the 
patient. Large-bowel endoscopy Fas been 
recommended. 

Antipenstaltic agents such as opiates and 
dipnenoxyiate with atropine (Lomotil®) may 
prolong and/or worsen the condition. 

Diarrhea, colitis, ane pseudomembranous 
colitis have been dbseved to begin up to 
several weeks following cessation of therapy 
with clindamycin. 


























































Each mi contains: 
clindamycin phosphate 





ot Cio : 1. A. Sy a EL. 150m 
clindamycin 
oe) (we 1 0 5... LIEST ee o ere 5 mg 
disodium egetate ...................... 0.5 mg 
weg bo lo on oo a qs 
When necessary pH adjusted with NaOH 
and/or HCl. 


Indications: Clindamycia is indicated in the 
treatment of serious infections caused by sus- 
ceptible anaerobic bactesia. : 
Clindamycin is also ineicated in the treatment 
of serious infections dueto susceptible strains of 
streptococci. pneumoccoci, and staphylococci. 


Its use shouid be reserved for penicillin-allergic J-6816-9 


MENT WITH EPINEPHRINE. OXYGEN AND 
INTRAVENOUS CORTICOSTEROIDS SHOULD 
ALSO BE ADMINISTERED AS INDICATED. 


Precautions: Review of experience to date sug- 
gests that a subgroup of older patients with 
associated severe illness may tolerate diarrhea 
less well. When clindamycin is indicated in these 
patients, they should be carefully monitored for 
change in bowel frequency. Prescribe with cau- 
tion in individuals with a history of gastrointestinal 
disease, particularly colitis. 

Do not inject intravenously as an undiluted 
bolus; infuse as directed in package insert. Indi- 
cated surgical procedures should be performed 
in conjunction with therapy. Patients with very 
severe renal disease and/or very severe hepatic 
disease accompanied by severe metabolic aber- 
rations should be dosed with caution and serum 
clindamycin levels monitored during high-dose 
therapy. 

Prescribe with caution in atopic individuals. 
During prolonged therapy, periodic liver and kid- 
ney function tests and blood counts should be 
performed. Use may result in overgrowth of non- 
susceptible organisms, particularly yeasts. 
Should superinfection occur, adjust therapy as 
Clinical situation dictates. Clindamycin has been 
shown to have neuromuscular blocking proper- 
ties that may enhance the action of other neuro- 
muscular blocking agents. Use with caution in 
patients receiving such agents. 


Adverse Reactions: Gastrointestinal: Abdominal 
pain, nausea, vomiting and diarrhea. (See 
WARNING box.) Hypersensitivity Reactions: 
Maculopapular rash and urticaria have been 
observed. Generalized mild to moderate morbilli- 
form-like skin rashes are the most frequently 
reported of all adverse reactions. Rare instances 
of erythema multiforme, some resembling 
Stevens-Johnson syndrome, have been asso- 
ciated with clindamycin. A few cases of anaphy- 
lactoid reactions have been reported. If a 
hypersensitivity reaction occurs, the drug should 
be discontinued. The usual agents (epinephrine, 
corticosteroids, antihistamines) should be avail- 
able for emergency treatment of serious reac- 
tions. Liver: Jaundice and abnormalities in liver 
function tests have been observed during clinda- 
mycin therapy. Hematopoietic: Neutropenia, 
eosinophilia, agranulocytosis and thrombocyto- 
penia have been reported; no direct etiologic 
relationship to concurrent clindamycin therapy 
has been made. Local Reactions: Pain, indura- 
tion, and sterile abscess have been reported after 
intramuscular injection, and thrombophlebitis 
after intravenous infusion. Reactions can be min- 
imized or avoided by giving deep intramuscular. 
injections and avoiding prolonged use of indwell- 
ing intravenous catheters. Musculoskeletal: Rare 
instances of polyarthritis have been reported. 
How Supplied: Available as a sterile solution 
with each mi containing clindamycin phosphate 
equivalent to 150 mg clindamycin. Ampoules 

of 2 and 4 ml. 

Caution: Federal law prohibits dispensing without 
prescription. MED B-6-S 


In serious anaerobic infections... 


Cleocim Phosphate 


(clindamycin phosphate injection, NF) 
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Acute Rejection Episodes and 


Long-term Transplant Function 


. . € From 1974 to 1976, 114 kidneys transplanted to 108 patients 
underwent acute rejection episodes. With repeated rejections 


there was an increased likelihood of recovery without subse- 
quent rejections, eg, 59% of kidneys that had three rejections 
regained prolonged good function. Repetitive rejections did not 
increase mortality. Discriminate analysis of the best serum creat- 


. inine level or creatinine clearance within 30 days of rejection and 


the time interval between rejection episodes correctly predicted 
the outcome of second rejections in 20/25 cases and correctly 
predicted the outcome of third rejections in 23/29 cases. Treat- 
ment of a third rejection was successful in 70% of kidneys if the 
best serum creatinine level was less than 2 mg/dL after the 
second rejection and was successful in 7796 of kidneys if the 
time interval between second and third rejections was longer 
than one month. 
(Arch Surg 114:574-578, 1979) 


quen of kidney homografts has been studied exten- 

sively and is generally classified as hyperacute, accel- 
erated acute, acute, or chronic according to temporal and 
histopathologic characteristics.” Acute rejection is usually 
characterized by an early period of life-sustaining renal 
function followed in a few*days or weeks by a decrease in 
urine volume, increase in serum creatinine level, and 
deerease in creatinine clearance. Other signs of acute 
rejection may include fever, swelling and tenderness of the 
graft, and hypertension. 

Acute rejection sometimes can be successfully reversed 
by treatment with corticosteroids, but in some patients 
acute rejection episodes are recurrent. Treatment of repet- 
itive rejections has been associated with an increased 
morbidity and mortality to the extent that graft nephrec- 
tomy has been proposed when second rejections occur soon 
after transplant has been done.*' Because therapy for 
acute rejection episodes requires the providing of addition- 
al immunosuppression to a patient who has already under- 
gone immunosuppression, the likelihood of successful 


- treatment of a specific rejection episode should influence 


the decision of whether or not to treat it. The outcome of 
acute rejection ean sometimes be predicted by kidney 
biopsy specimen or by analysis of the clinieal pattern of 
deterioration of renal function. * However, the clinical 
usefulness of such methods is limited, and various means of 
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predicting rejection and its outcome have not gained wide 
acceptance as a basis for initiating therapy in acute 
rejections.'* 

The aim of this study was to develop objective measures 


with the use of readily available clinical data that could be 


a guide in deciding whether or not to treat an acute kidney 
graft rejection with additional immunosuppression. Analy- 
sis of data that could predict the outcome of acute rejection 
also was done. 


MATERIAL AND METHODS 


A total of 152 patients received 178 kidney allografts 
during three years (1974 to 1976). This consisted of 120 
patients who had a first transplant and 32 who received 
retransplants. Sixty-six patients received living-related 
donor kidneys (all except one were first grafts) and 54 
patients obtained first grafts from cadavers. Of the 152 
patients, 108 patients with 114 kidneys were selected for 
study because each had initial kidney graft function 
suffieient to maintain life and subsequently hac at least 
one acute rejection episode. The 70 male and 28 female 
patients averaged 32 years of age (range, 5 to 56 years). 
Forty-four patients were excluded from this study because 
they had good renal function without evidence of acute 
rejection, only chronic rejection, no kidney function after 
transplantation, or serious technical complications. These 
cases have been followed for one to four years. 

Transplantation was usually performed by placement of 
the graft in the right iliae fossa. In retransplantation, 
other suitable locations were used, including intra-abdomi- 
nal sites. Antilymphoeyte globulin prepared in horses . 
against a cultured lymphoblast antigen was administered 
intramuscularly for two weeks. In 1974 and 1975, cadaveric 
kidneys were preserved with pulsatile perfusion with the 
use of cryoprecipitated plasma; starting in 1976, the cadav- 
er kidneys were stored at 4 °C in Collins solution without 
procaine hydrochloride if they were expected to be used 
within 24 hours of harvesting. If a delay of more than 24 
hours before transplantation was anticipated, pulsatile 
perfusion was performed. 

Azathioprine or cyclophosphamide was used along with 
prednisone in all cases. The azathioprine or cyclophospha- 
mide dose was adjusted each day according to the WBC 
count. Prednisone therapy was usually started at a dose of 
200 mg on the first day and was reduced by 10 mg/day 
until the 60 mg level was reached two weeks posttrans- 
plant. Antilymphocyte globulin was given to all recipients 
of first transplants who were not allergic to the material on 
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the basis of pretreatment skin testing; 54 patients received 
this material. 

Acute rejection was defined as an acute elevat. on of the 
serum creatmine level to approximately 25% above base- 
line n patients with radioisotopic evidence of adequate 
renal blood flow and urographic evidence of an unob- 
structed ureter. Acute rejection was treated with an 
increased oral daily prednisone dose and/or 1-g bolus 
therepy with intravenous (IV) methylprednisclone and 
sometimes with graft irradiation. The treatment was 
individualized or the basis of the rapidity of response to 
treatment and on the condition of the patient. All patients 
have been followed for at least one year after trensplanta- 
tion er until death. 

Of the 173 kidneys transplanted during 197+ to 1976, 
acute rejections occurred in 77 cadaveric grafts and in 37 
living-donor gra^ts. These 114 grafts were analyzed to 
ascertain patterns of outcome after the first and subse- 
quen: rejections. The lowest serum creatinine level and the 
attendant ereatinine clearance within 30 days after trans- 
plantation and within 30 days after each rejectim episode 
were tabled. The time interval between transplantation 
and che first rejection episode, and the time intervals 
between subsequent rejections also were recorded. 

Two methods of analyzing outcome after rejection 
episodes were used. The first used diseriminate analysis of 
data «nown or available before treatment of the rejection 
in question. Student's t test and x^ analysis vere used 
where applicable. Findings subjected to discriminate anal- 
ysis includec the serum creatinine level, creatinine clear- 
ance, time intervals as mentioned previously, source of 
graft, survival of graft, HLA match, and first transplant or 
retransplant. The second method of analyzing graft 
outcome was the formula devised by Matas et al; an index 
of rejeetion intensity that uses variables known before 
treatment of a third acute rejection. The lowest serum 
creat nme level within one month after the first and the 
second rejections and the interval in months between the 
second and third rejections were used to compute the index 
number which, if greater than or equal to five, is thought to 
predict graft failure within one year. Both methods of 
analysis used the reciprocal time between rejection 
episodes in months to reflect the frequency of rejections. 
Causes and times of death among the 108 patients were 
determined, and associated risk factors were reviewed. 


RESULTS 


Acute rejection occurred with 114 of 178 kidney trans- 
plants (64%) (Table 1). Twenty-seven of the 114 failed at 
the first rejection, which left 87 kidneys at risk for 
repetitive rejection. Twenty-two of these kidneys were 


never rejected again, and 65 kidneys underwent -epetitive - 


rejection. The eutcome regarding failure or sustained 
recovery after three successive acute rejection episodes is 
giver in Table 2; the eight kidneys having more than three 
rejecioms are omitted. As serial rejections occurred, a 
propcrtionately greater number of organs reco-ered and 


there was no further rejection, as indicated by the ratio of 


recovered/failed kidneys increasing from 0.81 after the 
first rejection to 1.58 after the third rejection. 
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Table 1.—Outcome of all Kidney Transplants, 
1976 to 1978 


No. (96) 


No. (96) 
Never Never Acute 
Worked Rejected Rejection Total 


Cadaver 18 (16) 17 (15) 77 (69) 112 
Living donor 2 (3) 27 (41) 37 (56) 66 


Total 20 (11) 44 (25) 114 (64) 178 


No. (96) 


Table 2.—Sustained Recovery and Kidney Graft Failure 
Associated With Sequential Rejection Episodes 


First Second Third 
Rejection Rejection 


Rejection 


No. recovered, no 
further rejection 22 14 19 


No. failed 27 12 12 


Recovered /failed 0.81 1.16 1.58 


Using x? analysis, a trend in difference of outcome was 
detected after living-donor organs were compared with all 
cadaver transplants (first and retransplant). No difference 
was evident regarding kidney failure in the first or any 
subsequent rejection episode when first cadaveric trans- 
plants were compared with cadaveric retransplants. For 
example, of 20 cadaveric organs that failed at the first 
rejection episode, ten were first and ten were retransplant 
kidneys (P > .95). Therefore, all cadaveric kidneys were 
grouped together for further analysis. 

In the first and third acute rejections, no difference in 
outcome could be detected between cadaveric and living- 
donor kidneys (Table 3). The eight living-donor and 14 
cadaveric kidneys undergoing only one rejection and 
progressing to complete recovery were not counted at risk 
for the third rejection, although they were at risk for a 
second rejection. Thus, all grafts at risk for each sequential 
rejection are included. At the second rejection, none of the 
30 living-donor organs failed, compared with failure in 12 
of 57 cadaveric kidneys (21%) at risk for undergoing two 
rejections (P < .01). Although a greater number of living- 
donor kidneys were never rejected (Table 1), once acute 
rejection occurred, the likelihood of loss of graft was the 
same in the first and third rejections for cadaveric and 
living-donor kidneys. 

The outcome of the first rejection could not be predicted 
by analysis of graft source, interval between transplanta- 
tion and rejection, level of function before rejection, or 
HLA match; in addition, HLA match was not predictive of 
the outcome of any subsequent rejection. 

The outcome of the second rejection (Table 4) was 
related to the following two variables known before rejec- 
tion therapy had begun: (1) The best creatinine clearance 
within 30 days of the first rejection was the most signifi- 
cant predictor of outcome; kidneys failing at the second 
rejection demonstrated a lower mean (+ standard devia- | 
tion) creatinine clearance (41 + 11 mL/min) after the first 
rejection than those kidneys that recovered completely 

second-rejection (59 + 24 mL/min) (P = .02). (2) 
Living rélatedidonor source was predictive of recovery 
from the second rejection in that 0/30 related kidneys at 
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All Cadaver Grafts 














*Cadaver vs living donor, P < .01. 


Best Renal Function Within 
30 Days of First Rejection 


— lma 










Creatinine Serum 
Clearance, Creatinine Level, 
mL/min mg/dL 








Recovered without 
subsequent rejec- 
tion 59 + 24* 


Failed 41 + 11* 1.9 





*P = 02. 
+P < .003 (by discriminate analysis). 


risk having two rejections failed in contrast to 12 failures 
among 57 cadaveric kidneys at risk (P < .01 by x’ analysis, 
P = .02 by discriminate analysis). Kidneys recovering 
after the second rejection also had a somewhat lower serum 
creatinine level after the first rejection than kidneys that 
failed after the second rejection. Prediction of outcome 
was 80% correct (20/25 cases) (P < .003) with data classifi- 
ed from discriminate analysis to include creatinine clear- 
ance, donor source, and time interval between the first and 
second rejections. The last variable attained no signifi- 
cance when computed independently. Data for complete 
analysis was available for 11 of 12 kidneys failing at the 
second rejection. 

Outcome of the third rejection was related to the follow- 
ing four variables: best serum creatinine level within 30 
days after transplantation, best serum creatinine level 
within 30 days after the second rejection, time interval 
between first and second rejections, and time interval 
between second and third rejections. Data for all 12 
kidneys failing and data for 17/19 kidneys recovering after 
three rejections were analyzed. The lowest serum creati- 
nine level within 30 days after the second rejection aver- 
aged 1.5 mg/dL in those kidneys completely recovering 
from the third rejection and 1.9 mg/dL in those organs 
failing at the third rejection. Similarly, creatinine clear- 
ance tended to be better in organs that recovered (Table 5). 
Sequential rejections occurred in shorter time spans in 
organs failing after the third rejection. Kidneys not recov- 
ering from the third rejection had mean time intervals of 
0.7 months between transplantation and the first rejection, 
1.4 months between the first and second rejections, and 1.9 
months between the second and third rejections. Corre- 
sponding time intervals for kidneys surviving the third 
rejection were 1.4, 2.3, and 3.6 months. Of nine grafts with 
a time interval of less than one month between the second 
and third rejections, seven (78%) failed; of 22 grafts with a 
time interval of greater than one month between the 
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Table 3.—Loss of Function in Kidney Transplants Undergoing Rejections 


ee a ‘~ 


No. - Risk No. Failed (96) No. E Risk No. Failed (%) 
Rejection 1 20 (26) 7 (19) 
Rejection 2 12 (21)* 0 (C) 
Rejection 3 7 (23) 5 (23) 


Table 4.—Factors Influencing Outcome After the Second Rejection Episode 


Mean of Reciprocal No. 


. Rejection 1 and 2, mo 


All Living-Donor Grafts 





No. (%) of Tines 
Outcome Correctly 
Predicted 


Time Between of Kidneys 


Rejected 





11 (79)7 


3 : 9 (82) 





second and third rejections, 17 (77%) recovered and 
regained prolonged good function. Furthermore, the mean 
of the reciprocals of the time intervals, a value reflecting 
frequency of rejections, was significantly different for 
recovering vs failing grafts at the third rejection (Table 5). 
Although the serum creatinine value immediately after 
transplantation contributed to the analysis, the mean 
creatinine clearance after transplantation was not differ- 
ent for kidneys failing (63.5 mL/min) vs kidneys ccmplete- 
ly recovering (62.4 mL/min) after three reject ons. In 
addition, the serum creatinine level after transplantation 
was not significantly different for the two groups when 
analyzed independently of the other data. For 29 xidneys, 
correct prediction of outcome in 23 (79%) was possikle using 
serum creatinine values and mean reciprocals of the time 
in months between rejections. Thus, the outcome in nine of 
12 (75%) failing grafts and in 14 of 17 (82%) completely 
recovering grafts was correctly predicted. 

Computation of rejection intensity as descr.bed by 
Matas et al* was carried out for organs undergoing three 
rejections. Any result equal to or greater than the integer 
"five" should predict that rejection would be followed by 
graft failure within one year. Among 12 gra-ts that 
rejected three times and then failed within a year a value 
of five or greater was obtained in six instances; thus the 
index correctly predicted graft failure in 50% cf cases. 
Among 19 kidneys that were rejected three times and had 
no further rejection within a follow-up period of one to four 
years, the integer was less than five in 16 of 19 cases; thus, 
graft recovery was predicted accurately in 84% of cases. 

Of our 114 transplants having initial life-sustaining 
function and subsequent acute rejection, 52 (46%) =ailed in 
the first or subsequent acute rejection episodes; one (1%) 
failed due to chronie rejection after multipl» acute 
episodes; six (5%) functioned until just before death or loss 
of the patient to follow up; and 55 (48%) regained and 
continued to provide life-supporting function. Of the 
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Best Renal Function Within 
30 Days of Second Rejection 





Creatinine Serum 
Clearance, 
mL/min 














Feeoverecd without 
subsequent rejection 
Faiac 40219 — Bg. 
*P — O iby discriminate analysis). 


TP — 08 tbv — analysis). 
iP — .062 (by discmminate analysis). 






Risk Factor 






Loss of graft func ion 
Two ar more rejections 







Infection. severe 
Combmetion of ary*two above 








“Data is applicable to the last transplant of each patient stedied. 


organs :rdergoirg three rejections, 59% progmessed to 
complete recovery for one year or more after therapy of 
the third rejection. 

Of 10* patients with 114 transplants undergoing at least 
one acute rejection, 26 (24%) died. These patients averaged 
33.5 years of age «range, 7 to 51 years) at the time of their 
last -rznsplart. The interval from transplantation to death 
was one half sf a month to 16 months (mean, 7.4 months). 
Fourteen of 26 deaths were due to or associaced with 
infectiom. Six deaths could not be ascribed to z specific 
cause. There were two suicides, two cases of fatal pancrea- 
titis. one case of fatal myocardial infarction, and one case 
of fatal pulmonary embolus. Eleven of the 23 deaths 
occurred after one rejection, 5/26 deaths occurred after the 
seconc rejeet.on, and 8/26 deaths occurred after -he third 
rejectior. Tne other two deaths occurred after suosequent 
addi-ional rejeetions. The number of deaths acecrding to 
category cf kidney graft is as follows: 15 deaths occurred 


. after recransplan-ation, seven deaths occurred efter the 


first cadaveric transplant, and four deaths occurred after 
the first livmg-donor transplant. 

Seected risk faetors that could be associatec with a 
lethal ou:come are given in Table 6. Although th» data is 
specifica ly 2cneerned with death, the incidence of these 
risk ^aetors im surviving patients is also tabulated, except 
for repett v» rejections, which occurred with equal 
frequency in patients who died. There were not as many 
risk ^aetors im survivors. 


COMMENT 


The survival cf kidney transplants from cadaveric 
donors has been less satisfactory than the survival of 
grafts trem related donors.*'^ In our patients, acvte rejec- 
tions-oceurred less frequently after related transphintatior. 
than after cacaveric transplantation, as seen in the follow- 
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Creatinine Level, 








Table 5.—Factors Influencing Outcome After the Third Rejection Episode 


Mean of Reciprocal 
Time Between Rejections, 







mo 
—— — No. No. (9c) of Times 
Rejection Rejection of Kidneys Outcome Correctly 
1&2 2&3 Rejected Predicted 





14 (82) 
9 (75)t 





Table 6.—Risk Factors Related to Death anc Survival in 108 Patients Undergoing Acute Rejection of Transplants* 


No. (%) Incidence in 
26 Dying Patients 


C or E matca 22 (85) 58 (71) 


No. (%) Incidence in 
82 Surviving Patients 


15 (58) 
15 (58) 


26 (32) 
47 (57) 


Retramsplen: 15 (58) 17 (21) 


14 (54) 
25 (96) 


15 (18) 
60 (73) 





ing data: 27/66 related-donor kidneys in our series never 
were rejected (41%) compared with 15/112 cadaveric 
kidneys (15%) (P — .01). However, once an acute rejection 
episode had occurred in the 37 related-donor kidneys or 77 
cadaveric kidneys, the outcome was not markedly different 
in the related-donor vs the cadaveric kidneys, except in the 
second acute rejection episode. Once acute rejection had 
occurred, the initial advantage afforded by the living- 
donor kidney was lost to some degree. In our cases, there 
was no difference in graft outcome when one compares 
first cadaver grafts and cadaver retransplants after one, 
two, or three rejections, and the frequency of organ failure 
at the first and third rejection episodes was equal for all 
cadaverie and related kidneys. 

Although there was an ongoing loss of kidneys with 
repetitive acute rejections, the proportion of kidneys that 
recovered and achieved good long-term recovery increased 
after each successive rejection. The probability of good 
long-term function was found to be greater after the third 
rejection episode than after the first or second rejection 
episode, despite effects of repeated assaults on the graft 
by the host's immune system.^" This surprising observa- 
tion suggests that the clinician who decides to treat the 
second or third rejection episode in a patient whose general 
condition is good may have a favorable result. 

During recent years there has been a great deal of work 
directed at developing accurate methods for predicting 
rejection or diagnosing rejection before changes in serum 
creatinine level or creatinine clearance have occurred. > 
Carpenter has reviewed many of these methods, including 
radioisotope scanning, ultrasonography, thermography, 
serum antibody levels, and urinary protein analysis." None 
of these methods is entirely satisfactory." 

Matas et al^ have developed an algebraie formula using 
information available after two rejection episodes to 
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predict the outcome of a third rejection episode. This 
formula is based in part on a hypothesis that the outcome 
of a third rejection episode depends on the rapidity of 
occurrence of the second rejection as well as on the renal 
function attained after the first two rejections. For our 
cases analyzed retrospectively with this formula, graft 
failure was accurately predicted in 50% of cases and graft 
recovery was accurately predicted in 84% of cases. 
Retrospective analysis of our cases by discriminate and 
x? methods showed that creatinine clearance within 30 days 
of the first rejection and donor organ source significantly 
predicted outcome of the second rejection. The time inter- 
val between transplantation and the first rejection 
episode, the time interval between the first and second 


rejection episodes, the HLA match, and the serum creatin- 


ine value within 30 days of the first rejection did not 
individually predict graft outcome after the second rejec- 
tion. 

The mean serum creatinine value within 30 days of the 
second rejection was the measure of renal function most 
predictive of outcome of a third rejection episode, particu- 
larly when analyzed in conjunction with the mean of the 
reciprocal of the time interval between the first and second 
rejection and the mean of the reciprocal of the time 
interval between the second and third rejection episodes. 
These three data points accurately predicted the outcome 
of the third rejection episode in 13/17 (82%) completely 
recovering organs and in 9/12 (75%) failing organs. 
Kidneys with a lower mean serum creatinine value after 
the second rejection episode and with longer time intervals 
between rejection episodes were more likely to recover 
from a third rejection. 

Excellent, prolonged kidney graft function has been 
associated with zero or only one rejection." Continued 
graft function with repetitive rejection similarly depends 
on excellent function between such rejections. Thus, a 
serum creatinine level of less than 2 mg/dL after the 
second rejection has been shown to be associated with a 
favorable outcome of the third rejection. Of our 19 grafts 
recovering completely from the third rejection, 16 (84%) 
sustained a serum creatinine level of 2 mg/dL or less after 
the second rejection. Of the 12 grafts failing at the third 
acute rejection, seven (58%) functioned at a similar level. 
Thus over two thirds (16/23) of those kidneys sustaining a 
serum creatinine level of 2 mg/dL or less after a second 
acute rejection episode recovered from the third rejection 
episode and functioned without further rejections there- 
after. 

Although 15/26 deaths in our 108 patients occurred after 
two or more rejections, the frequency of multiple rejections 
was the same (5796 to 5896) in patients who died as in those 
who survived (Table 6). Therefore, the occurrence and 
treatment of multiple acute rejections in our patients did 
not influenee patient survival. Survival after multiple 
rejections can be as good as survival after one rejection.” 
However, our data agree with previous observations that 
suggest that poor match, loss of graft function, retrans- 
plantation, and infection contribute to mortality.''*!*7" A 
combination of two of these factors occurred in 9656 of our 
patients who died. 
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The study of our case material has not produced a 
formula that can accurately and easily guide the -linician 
who needs to decide whether or not to treat a second or 
third rejection episode. However, careful analysis of our 
data confirms the impression that readily available clinical 
informatien can guide the physician in judging wl ether to 
initiate therapy in repetitive rejections. The best level of 
renal funetion attained after a rejection plus the time 
interval between rejection episodes will suggest the 
outcome of repetitive acute rejections. These twc factors 
should be carefully scrutinized by the clinician who must 
decide whather or not to treat a kidney that is uncergoing 
acute rejection with increased corticosteroids. 


William R. Braithwaite, MD, PhD, and David Goldgar, MS, of the 
Department »f Biometrics, University of Colorado, Denver, asssted in the 
statistical aralysis of the data. 


Nonoroprietary Name and Trademark of Drug 
Azathioprine—/muran. 
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Ecthyma Gangrenosum 


Survival With Individualized Antibiotie Therapy 


Lynn D. Solem, MD; Darwin Zaske, PharmD; Richard G. Strate, MD, FACS 


e Five burn patients with ecthyma gangrenosum were treated 
with gentamicin sulfate in an individualized aminoglycoside 
regimen. Dosages greater than the currently recommended 3 to 5 
mg/kg/day were necessary and ranged from 15 to 30 mg/ 
kg/day. These increased dosages cannot be used routinely but 
only as serum level data indicate the need. Four of the five 
patients survived their course of ecthyma gangrenosum. The 
single fatality received a much smaller dosage of gentamicin as 
compared with the other four patients. No ototoxic or nephro- 
toxic reactions were noted in any of the patients. 

(Arch Surg 114:580-583, 1979) 


p complieations due to opportunistie pathogens 
continue to be the major cause of morbidity and 
mortality in patients with major burn injuries despite 
important advances in the development of topical and 
systemie antimicrobial agents. One infectious complica- 
tion, pseudomonas ecthyma gangrenosum, has been 
reported to be universally fatal in burn patients. During an 
18-month period, this complication developed in five 
patients in our burn center and four of these patients 
survived. Their clinical courses and treatments were 
analyzed to determine factors that may have favorably 
influenced their survival. 


SUBJECTS AND METHODS 


Five patients (mean age, 6 years) with burns ranging from 30% 
to 90% of total body surface area (mean, 58%) were admitted 
within 24 hours after injury (Table 1). The patients had no serious 
preexisting disease and experienced no serious complications 
during fluid resuscitation. 


ne 
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In all patients, ecthyma gangrenosum subsequently developed. 
The diagnosis was based on the appearance of typical satellite 
lesions wita clinical evidence of sepsis. Multiple blood cultures 
were obtaired from each patient prior to and after inst tution of 
treatment with antibiotics. 

The patients received intravenously administered gentamicin 
sulfate anc carbenicillin disodium. Patient 1 receivel weekly 
intramuscu ar injections of pseudomonas hyperimmune globulin 
at a dosage of 1 mL/kg of body weight. The patient had serotypes 
II, III, and VII of Pseudomonas aeruginosa and had very low or 
nonexisten. levels of immune globulins active agairst them. 
Patients 1 2, 3, and 5 received 1 to 14 units of leukocyte 
transfusiors (Table 2). The indication for the administration of 
the leukocytes was sharp depression of the patient's ch2motactic 
index. 

Gentami-in sulfate dosage was individualized for each patient 
by monito-ing peak levels of gentamicin sulfate in serum to 
provide corcentrations of 8 to 12 ug/mL. The peak leve: in serum 
was defined as the concentration achieved immediately after a 
one-hour irtravenous infusion. In all patients, levels of g2ntamicin 
sulfate.in serum were determined by bioassay techniqve.' 

Gentamicin sulfate serum concentration-time data were fitted 
by least squares method using a pharmacokinetic model that 
assumes a one-compartment model and monoexponent al decay." 
This analysis provided estimates of the gentamicin sulfate half- 
life. 

Carbenicillin disodium was administered intravenous y in daily 
doses rang ng from 300 to 900 mg/kg. Administration o? antibiot- 
ics by subeschar clysis was not used. 

Serial B7N and serum creatinine levels were monitored during 
therapy to evaluate renal function. An increase of 10 mg/dL for 
the BUN level and/or an increase of 0.5 mg/dL for serum 
creatinine level was defined as an important change and evidence 
of renal impairment secondary to gentamicin. Eigh:h cranial 
nerve function was evaluated clinically to monitor changes in 
vestibular or auditory function. 


RESULTS 


The clinical diagnosis of sepsis was made three to 22 days 
after injury. All five patients had blood cultures positive 
for P aeruginosa. All five P aeruginosa isolates were 
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Table 1.—Patient Data 


Burn Surface 
Patiemt/Age. yr Area, 96 
11.5 30 


Cause of 3urn 
Scalded with hot water 
Clothing ignited 


Overall 
Outcome 


Discharged 

Died of staphylo- 
coccal bacte- 
remia and pneu- 
monia 


Onset of Ecthyma 
Postburn, Days Ecthyma Outcome 


15 Survived 
Survived 


3/4 65 Trapped in burniag vehicle 3 Died Died of ecthyma 
4/2 30 Scalded in bathtub Survived Died of fulminant 
staphylococcal 
sepsis 
5/18 77 


Gasoline fire 
—auto acciden- 


sensitive to gentamicin sulfate and carbenicillin cisodium 
as determined by -he Kirby-Bauer disc sensitivity method. 
Minimum irh:ibitory concentrations (MICs) as determined 
by agar dilutien far gentamicin sulfate ranged from 0.78 to 
12.5 pg/mL (Table 3). The staphylococcal isolates were also 
sensitive to gentanicin sulfate and resistant to penicillins 
and cephalosporins. 

Pseudemonas esthyma gangrenosum was sucsessfully 
treated in four of the five patients. The sensorium 
improved greatly during the first week of treatment. The 
responding patients continued to have blood cultures posi- 
tive far P cerugirosa one to 29 days after initiation of 
treatment and to have occasional episodes of fever and 
clinica! sepsis. 

The desages of zentamicin sulfate necessary tc achieve 
therapeutic levels of gentamicin sulfate in serum showed 
wide interpatient variation and greatly exceeded the 
recommendec regimen of 3 to 5 mg/kg/day. Gentamicin 
sulfate sensitivity and antimicrobial therapy are given in 
Table 3. Maximum gentamicin sulfate dosage require- 
ments ranged from 12 to 30 mg/kg/day, with a mean of 19 
mg/kg/day. and average dosage requirements ranged 
from 7.7 to 14 mg;kg/day, with a mean of 11.4 mg"kg/day. 
The patients' treatment period ranged from 14 tc 34 days 
and their total gemtamicin sulfate dose ranged frcm 108 to 
388 mg; «g. The peak level of gentamicin sulfate n serum 
resulting from these dosages ranged from 4. to 12.9 
ug/mL and everaged 9.6 ug/mL. The average dosage o? 
carbenieillir disocium was 527 mg/kg/day, with an aver- 
age treatment du-ation of 18 days. 

Use af these massive daily doses of gentamicin sulfate 
did not cause otozoxic or nephrotoxic reactions in any of 
these patients. The patients’ pretreatment and posttreat- 
ment renal funeton parameters are summarized in Ta- 
ble 4. 

Patient 3, whose infection was not successfully treated, 
continued to nave blood cultures positive for P aeruginosa 
until the time of death. The isolate remained sensitive to 
gentamuein sulfa-e and carbenicillin disodium as deter- 
mined by the Kirby-Bauer disc sensitivity test and by 
dilution with ager, with an MIC of gentamicia sulfate 
being 3.1 ug/mL. Although this patient was receiving daily 
doses of 5.3 to 12 mg/kg, the peak level of gentamicin 
sulfate in serum was consistently lower than 4.5 ug/mL. 

After successful completion of their course of therapy 
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6 
22 Survived Discharged 





Table 2.—Total Blood Products for 
Antibiotic Treatment Period 

















Fresh- Salt- 
Frozen Poor Blood, 
WBCs, Platelets, Plasma, Albumin, Pediatric 
Patient Units* Units* Units* Units? Units} 










1 14 8 11 13 19 
2 8 9 0 4 9 
3 1 0 0 0 4 





*Amount obtained from 1 unit of whole blood. 
TUnit equals 25 g. 
Unit equals 125 mL. 


with gentamicin sulfate and carbenicillin disodium, 
patients 2 and 4 showed signs of clinical sepsis and had 
blood cultures positive for Staphylococcal aureus. Patient 2 
did not show signs of clinical sepsis and had negative blood 
cultures for 15 weeks after termination of therapy with 
gentamicin sulfate and carbenicillin disodium. The patient 
had had three successful skin grafts and had potentially 
undergone her last skin grafting procedure when staphylo- 
coccal bacteremia and pneumonia developed. Fulminant 
septic shock developed in patient 4 two weeks after 
discontinuation of therapy with antibiotics. Blood cultures 
obtained during the episode of shock were positive for S 
aureus. Both patients died of their staphylococcal sepsis 
and underlying burn injury. 


COMMENT 


Barker’ first described the characteristic skin lesion 
commonly known as ecthyma gangrenosum in 1897, Fran- 
kel’ in 1906 first described ecthyma gangrenosum occur- 
ring in uninjured skin of burned patients. Teplitz? had 
shown experimentally that the metastatic septic lesions, 
both visceral and cutaneous, are initiated at the capillary 
level with massive bacillary infiltration of the vessels 
occurring centripetally from the invaded perivascular 
tissue rather than progressing outward from the intimal 
surface after septic thrombosis. He also concluded that the 
characteristic hemorrhagic process of the lesions was 
attributable to diffuse bacterial tissue invasion rather than 
to the vasculitis. Dorff et al^ documented the progression 
of lesions through a characteristic pattern: edema, erythe- 
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Table 3.—Antimicrobial Therapy 


Gentamicin 
Sensitivities 
Re 
Minimum Average Duration 
Inhibitory Dosage, of Therapy, 
Patient Concentration mg/kg/Day* Days 





*Administered as a one-hour infusion, every four hours. 
+Also received 50 mg/kg/day of chloramphenicol for nine days. 
tAlso received 50 mg/kg/day of cephalothin. 


Pretreatment 


LL 


Posttreatment 
—— 
BUN, Creatinine, BUN, Creatinine, 


Patient mg/dL mg/dL mg/dL mg/dL 


1 19 0.7 14 0.5 
2 6 . 0.9 11 0.4 





ma, hemorrhagic bullae, and finally necrosis. The entire 
sequence from edema to necrosis may evolve very rapidly 
and lesions at all stages of development may be present 
simultaneously. 

The development of ecthyma gangrenosum has been 
presumed to be universally fatal. In 1974, Loebl et al 
described the successful treatment of three pediatric 
patients, attributing survival to therapy with large 
dosages of gentamicin sulfate (5.8 mg/kg/day), given both 
systemically and by subeschar clysis, and with large 
dosages of carbenicillin disodium (803 mg/kg/day). They 
concluded that aggressive support, careful monitoring of 
all metabolic values, and early correction of any abnormal- 
ities contributed to the survival of their patients. 

Loebl et al’ used pseudomonas hyperimmune globulin in 
one and pseudomoras vaccine in two of their surviving 
patients. However, three of their nonsurviving patients 
also received pseudomonas hyperimmune globulin and one 
nonsurviving patient received pseudomonas vaccine. 
Patients 1 (surviving) and 3 (nonsurviving) received pseu- 
domonas hyperimmune globulin. 

Obtaining compatible HLA-matched donors to provide 
leukocyte transfusions to our patients early after the onset 
of ecthyma was difficult. This resulted in a delay of two to 
seven days after the onset of ecthyma before leukocyte 
transfusions could be provided. It seems doubtful that the 
HLA-matched WBCs and the hyperimmune globulin 
contributed greatly to the survival of these patients. The 
role of adjuvant therapy, including leukocyte transfusions 
and immunotherapy, remains unclear from the previous 
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Gentamicin Sulfate 
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Carbenicillin Disocium 


—————7:/]Ás 


Maximum Maximum Peak Average Dura:ion of 
Dosage, Serum Level, Dosage, Therapy, 
mg/kg/Day ug —— mg/kg/Day Days 


reports and in our patients. 

Treatment failures with gentamicin sulfate in treating 
susceptible Gram-negative pathogens still exist Several 
reasons may explain these failures; however, the inadver- 
tent use of subtherapeutic dosages of the drug has been 
described as one of the explanations. Several studies have 
reported higher survival rates in patients who had optimal 
serum concentrations (5 to 10 ug/mL) during their course 
of therapy.* In a recent study, 68 episodes of sepsis from 
Gram-negative organisms that were treated with zentami- 
cin sulfate were reviewed. If the patient's gentamicin 
sulfate levels in serum were at least 8 ug/mL, the response 
rate was 84% compared with 23% in the patients who had 
subtherapeutic levels of gentamicin in serum. Gentamicin 
sulfate dosages greater than 5 mg/kg/day were required 
to obtain therapeutic levels of gentamicin sulfate -n serum. 
This would indicate that subtherapeutic levels of zentami- 
cin sulfate in serum may be responsible for treatment 
failures with gentamicin sulfate. 

Glew et al^ and Zaske et al™ previously repo-ted that 
conventional dosages of gentamicin sulfate (3 to 5 mg/ 
kg/day) may result in subtherapeutic serum cencentra- 
tions in patients with extensive burns, especially in 
patients who are younger than 30 years old. They reported 
a mean half-life of 1.1 hours as compared with the reported 
range of 2.5 to four hours.*'' Four of our five pat ents had 
half-life determinations that ranged from 0.7 to 1.6 
hours. 

A comparison of the gentamicin sulfate dosag2 for the 
four responding patients and the one fatality shows that 
patient 3 received a much smaller mean gentamicin sulfate 
dosage (7.7 mg/kg/day) as compared with a mean of 12.3 
mg/kg/day for the four responding patients. Even though 
patient 3 received a dosage 50% greater than the recom- 
mended dosage, a therapeutic level of gentamicin sulfate 
in serum was never achieved. This patient also received a 
smaller daily dose of carbenicillin disodium as compared 
with the responding patients (408 mg/kg/day vs 557 
mg/kg/day, respectively). 

Although the daily dose of gentamicin sulfate required 
to maintain therapeutic serum concentrations varied wide- 
ly, renal function remained stable. The dosage variations 
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observec may be dve to the changing status of hyd-ation, 
intercompartmenta fluid shifts, and fluctuating renal 
perfusion. Maximum dosages required generally ocurred 
during postsepsis dresis. Dosages of 15 to 30 mg/kg/day 
were required to achieve therapeutic levels of gentamicin 
sulfate m serum. F-equent monitoring of serum geatami- 
cin sulfate concentrations with appropriate adjustments of 
dosage 5 imperative to provide therapeutic concentrations 
of 8 tc 12 mg/mL. The responding patients received 
prolonged therapy with antibiotics ranging from 13 to 34 
days for gentamicin sulfate and from 14 to 22 dzys for 
earbenicilün disodium. Loebl et al’ reported that one of 
their surviving patents also required 30 days of gentami- 
cin sulfate therapy and 17 days of carbenicillin disodium 
therapy 


Ecthyma gangrenosum is not universally fatal providing 
optimal dosages of gentamicin sulfate are used. Frequent- 
ly, these dosages may exceed the currently recommended 
dosage of 3 to 5 mg/kg/day. It must be emphasized that 
these increased dosages should not be used routinely, but 
only if data on levels of gentamicin sulfate in serum 
indicate the need. In addition, levels of gentamicin sulfate 
in serum should be monitored frequently during treatment 
with appropriate dosage adjustment. 


This study was supported in part by St Paul-Ramsey Hospital and 
Medical Center and the Medical Education and Research Foundation. 

Pseudomonas hyperimmune globulin used in this investigation was 
supplied by Parke, Davis and Company. 

Laboratory support was provided by the Department of Pathology and 
the Section of Microbiology, St Paul-Ramsey Medical Center. 
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Invited Editorial Comment 


Solem and co-workers have emphasized important findings that 
they and others have made previously: namely, that serious burn 
injury is associated with a shortened serum half-life of a minogly- 
coside antibiotics, that much larger dosages of these artibiotics 
may be required to aehieve sustained therapeutic levels, and that 
serial monitoring of serum levels with individualization is essen- 
tial to avoid both toxic and subzherapeutic concentratioas. Their 
experienee of using these principles to achieve survival cf four of 
five seriously burned patients with ecthyma gangrenosum caused 
by P aeruginosa is impressive. However, other factors may have 
been of equal importance. All patients were also treated with 
carbenicillin, which Fas known synergistic activity, with zentami- 
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cin for P aeruginosa, one surviving patient received pseudomonas 
hyperimmune globulin (antibody is required for opsonization of 
most strains of P aeruginosa), and all patients received blood 
products that contained antibody and opsonic complement 
proteins. In fact, the patient who died of Pseudomonas infection 
received the least amount of blood products whereas the two 
patients who ultimately survived received the most. It is clear that 
both antimicrobial agents and host resistanee factors have a 
complex and interdependent relationship to recovery from serious 
infections following severe burn injury. 

J. WESLEY ALEXANDER, MD 

Cineinnati 
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Injectable 


Valium LM. 


[diazepam 


PRESURGICALLY 


effective anxiolytic 
action plus proven | 
skeletal muscle relaxation 


C Deep administration into muscle one 
hour before surgery provides prompt 
therapeutic response 


C Reduction of anxiety and the somatic- 
muscular symptoms which frequently 
accompany anxiety generally results in a 
patient better prepared for anesthesia 


C Relief of skeletal muscle spasm in 
adjunctive use may be especially valuable 
in the presurgical trauma patient 





j 
POSTSURGICALLY 


adjunctive benefits 
when pain is a 
complicating factor 


O Effective skeletal muscle relaxant — 
Used adjunctively, relieves the skeletal 
muscle spasm that may aggravate pain 
and interfere with recovery 


O Effective anxiolytic — 
Especially important since high levels of 
anxiety often intensify the experience of pain 


O Narcotic analgesic dosage can and 

should be reduced — 

When used with narcotic analgesics, 

reduce narcotic dosage at least 1/3 and 
administer in small increments; in some cases, 
use of a narcotic may not be necessary 


LM. 


diazepam) @ 


Awide range of benefits 
in one effective agent 


Please see summary of product information on following page. 
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Injectable 


Valium; 


(diazepam) « 


can help the surgical patient 
every step of the way 


Please consult complete product information, a 
summary of which follows: 


Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 
factors; psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute de- 
lirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to 
local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus, severe recurrent sei- 
zures; adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic/surgical pro- 
cedures; cardioversion. 

Contraindications: Hypersensitivity; acute narrow 
angle glaucoma; may be used in patients with 
open angle glaucoma receiving appropriate 
therapy. 

Warnings: 7o reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, 
and, rarely, vascular impairment when used l.V.: 
inject slowly, taking at least one minute for each 5 
mg (1 ml) given; do not use small veins, i.e., dor- 
sum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do 
not mix or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasi- 
ble to administer Valium directly I.V., it may be 
injected slowly through the infusion tubing as 
close as possible to the vein insertion. 

Administer with extreme care to elderly, very ill, 
those with limited pulmonary reserve because of 
possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other 
CNS depressants increases depression with in- 
creased risk of apnea; have resuscitative facilities 
available. When used with narcotic analgesic, 
eliminate or reduce narcotic dosage at least 1/5, 
administer in small increments. Should not be 
administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital 
signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring com- 
plete mental alertness (e.g., operating machinery, 
driving). 

Has precipitated tonic status epilepticus in pa- 
tients treated for petit mal status or petit mal var- 
iant status. 

Withdrawal symptoms (similar to those with bar- 
biturates, alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdomi- 
nal/muscle cramps, vomiting, sweating). Keep 
addiction-prone individuals under careful surveil- 
lance because of predisposition to habituation/ 
dependence. 


Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should al- 
most always be avoided because of in- 
creased risk of congenital malformations 
as suggested in several studies. Consider 
possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
if they intend to or do become pregnant. 
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Not recommended for OB use. 

Efficacy/safety not established in neenates (age 
30 days or less); prolonged CNS depression ob- 
served. In children, give slowly (up te 0.25 mg/kg 
over 3 minutes) to avoid apnea or prclonged 
somnolence; can be repeated after 15 to 30 min- 
utes. If no relief after third administration, appro- 
priate adjunctive therapy is recommended. 
Precautions: Although promptly controlled, sei- 
zures may return; readminister if necessary; not 
recommended for long-term maintenance 
therapy. 

If combined with other psychotropics or anticon- 
vulsants, carefully consider individua! phar- 
macologic effects—particularly with «nown com- 
pounds which may potentiate action:of Valium 
(diazepam), i.e., phenothiazines, nascotics, bar- 
biturates, MAO inhibitors, antidepressants. Pro- 
tective measures indicated in highly anxious pa- 
tients with accompanying depression who may 
have suicidal tendencies. Observe usual precau- 
tions in impaired hepatic function; avoid accumu- 
lation in patients with compromised k dney func- 
tion. Laryngospasm/increased cough reflex are 
possible during peroral endoscopic procedures; 
use topical anesthetic, have necessary coun- 
termeasures available. Hypotension or muscular 
weakness possible, particularly when used with 
narcotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 
venous thrombosis/phlebitis at injection site, con- 
fusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope. tremor, 
vertigo, constipation, nausea, incontinence, 
changes in libido, urinary retention, »radycardia, 
cardiovascular collapse, hypotension, blurred 
vision, diplopia, nystagmus, urticaria. skin rash, 
hiccups, changes in salivation, neutropenia, 
jaundice. Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucinetions, in- 
creased muscle spasticity, insomnia, "age, sleep 
disturbances, stimulation have beermreported; 
should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, 
laryngospasm/pain in throat and chest have been 
reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic 
blood counts, liver function tests adwsable during 
long-term therapy. Minor EEG changes, usually 
low-voltage fast activity, of no known significance. 
Dosage: Usual initial dose in older chidren and 
adults is 2 to 20 mg I.M. or I.V., depending on 
indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute 
conditions injection may be repeatec within 1 
hour, although interval of 3 to 4 hours is usually 
satisfactory. Lower doses (usually 2 to 5 mg) with 
slow dosage increase for elderly or deoilitated pa- 
tients and when sedative drugs are acded. (See 
Warnings and Adverse Reactions.) 

For dosages in infants and children see below; 
have resuscitative facilities available. 

I.M. use: by deep injection into the muscle. 

lV. use: inject slowly, take at least one minute for 
each 5 mg (1 ml) given. Do not use small veins, 


o promptly controls anxiety; 
tension before and after surgery 


g diminishes pain-related anxiety 


o narcotic analgesic dosage can 
and should be reduced 


ready-to-use 2-ml Tel-E-Ject® 
disposable syringes 
2-ml ampuls, 10-ml vials 


5 mg/ml 


i.e., dorsum of hand or wrist. Use extreme care to 
avoid intra-arterial administration or extravasa- 
tion. Do not mix or dilute Valium wit other solu- 
tions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium (d'azepam) di- 
rectly I.V., it may be injected slowly *hrough the 
infusion tubing as close as possible to the vein 
insertion. 
Moderate psychoneurotic reactions, 2 to 5 mg 
.M. or I. V. and severe psychoneurozic reactions, 
9 to 10 mg I.M. or I.V., repeat in 3 tc 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. 
or I.V. initially, then 5 to 10 mg in 3 to 4 hours if 
necessary. Muscle spasm, in adults. 5 to 10 mg 
I.M. or I.V. initially, then 5 to 10 mg in 3 to 4 hours 
if necessary (tetanus may require larger doses); in 
children, administer I.V. slowly; for tetanus in in- 
fants over 30 days of age, 1 to 2 mg I.M. or I. V, 
repeat every 3 to 4 hours if necessa "y; in children 
5 years or older, 5 to 10 mg repeated every 3 to 4 
hours as needed. Respiratory assistance should 
be available. 
Status epilepticus, severe recurrent convulsive 
seizures (I.V. route preferred), 5 to 10 mg adult 
dose administered slowly, repeat at l0- to 15- 
minute intervals up to 30 mg maximum. Repeat 
in 2 to 4 hours if necessary keeping in mind 
possibility of residual active metaboites. Use cau- 
tion in presence of chronic lung disease or un- 
stable cardiovascular status. Infants (over 30 
days) and children (under 5 years), 0.2 to 0.5 mg 
slowly every 2 to 5 min., up to 5 mg(l. V. pre- 
ferred). Children 5 years plus, 1 mg avery 2 to 5 
min., up to 10 mg (slow I.V. preferred); repeat in 2 
to 4 hours if needed. EEG monitoring may be 
helpful. 
In endoscopic procedures, titrate I. V. dosage to 
desired sedative response, generally 10 mg or 
less but up to 20 mg (if narcotics are omitted) 
immediately prior to procedure; if |.V. cannot be 
used, 5 to 10 mg I.M. approximately 30 minutes 
prior to procedure. As preoperative medication, 
10 mg I.M.; in cardioversion, 5 to 15 mg |.V. within 
5 to 10 minutes prior to procedure. Once acute 
symptomatology has been properly controlled 
with injectable form, patient may be placed on 
oral form if further treatment is required. : 
Management of Overdosage: Manifestations in- 
clude somnolence, confusion, come, diminished 
reflexes. Monitor respiration, pulse, 5lood pres- 
sure; employ general supportive measures, |.V. 
fluids, adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and 
sodium benzoate for CNS-depressiv2 effects. 
Dialysis is of limited value. 
Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, 
boxes of 1; Tel-E-Ject* (disposable syringes), 2 
ml, boxes of 10. Each ml contains 5 mg diazepam 
compounded with 40% propylene g ycol, 10% 
ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as 
preservative. 
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Gas in the Appencix 


A Sometimes Significant But Nonspecific Diagnostic Sign 


Hubert A. Shaffer, Ir, MD, R. Brent Harrison, MD 


e The gas-filled appendix is an uncommon roentgerographic 
sign that ^as been considered to be virtually diagnostic of acute 
appendicitis when the appendix is positioned caudad to the 
cecum in the righ lower quadrant of the abdomen. Three 
patients had gas ™ the appendix in the absence of acute 
appendicitis. This diagnostic sign is therefore not specific for 
appendicitis. Begamiless of its location, the apperdix may 
contain cas despite the absence of intrinsic disease. 

(Arch Surg 114:5E7-589, 1979) 


n patients with abdominal pain but inconclusive clinical 
evidence ef acute appendicitis, abdominal roentgeno- 
grams have frequently proved helpful in obtaining the 
correct diagnesis. One roentgenographic sign, gas in the 
vermiferm appeneix, has been reported to be virtually 
diagnostic of appeadicitis in patients with acute abdominal 
symptams. Recently, Lim? questioned the diagnostic 
specificity of the gas-filled appendix. This stimulated 
renewed interest m this sign and generated conflicting 
statements ir the literature as to its significanee.*? As 
background for “urther discussion we presert three 
instanees of gas im the appendix in the absence »f acute 
appendicitis. j 


REPORT OF CASES 


Case 1.—A 63-year-old woman was admitted to the hosbital with 
acute back paim breaght on by a backward fall against a door 
frame. Roentgenogr- ms showed compression fractures o^ the T-12 
and L-2 wertebrae. Because the patient had also sustamed back 
trauma approximately one year earlier, a bone scan was 
performed in am attempt to establish the age of her ‘ractures. 
Incidentally observes on this study was evidence of an obstruction 
of the right vrinary tract. Intravenous urograms taker six days 
after admission shewed an insignificant ureteropelvic juncture 
obstruction on -he r-zht associated with an extrarenal pelvis. On 
seven censeeut-ve u-ograms taken over a two-hour period, gas 
could be seen im thexecum and the appendix, which were in the 
right lower quadraat of the abdomen. The gas in the two 
structures appeared *o be in direct continuity (Fig 1). The patient 
has never had symptoms suggesting appendicitis. 

Case 2.-A 5 year-ld boy was examined in the emergency 
department for acute otitis media. During the physical 2xamina- 
tion a mildly tender, 'baseball-sized" abdominal mass was discov- 
ered. Imtravenqus u-ograms showed moderate fullness of both 
proximal ureters pror uced by extrinsic pressure from themass. On 
three urcgrams taken over a period of 45 minutes, gas was 
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observed in the appendix, which was situated in the right lower 
quadrant of the abdomen (Fig 2, left). The results of a barium 
sulfate colon examination confirmed that the gas-filled structure 
was the appendix and that its lumen was patent. Although the 
proximal portion of the appendix was directed superiorly, the 
major part was caudad to the cecum (Fig 2, right). Within two 
hours after urography, the patient underwent laparotomy and a 
benign cyst of the ileocecal mesentery was excised. A normal- 
appearing appendix was also removed. The results of a pathologic 
examination confirmed the absence of appendicitis. 

Case 3.—A 38-year-old woman had right lower quadrant abdom- 
inal pain of several hours’ duration associated with a tender mass 
in the same area. Diarrhea and fever had been present for three 
days. Bowel sounds were normal. Peritoneal signs were absent. 
White blood cell count was 15,100/cu mm. Sedimentation rate was 
105 mm/hr. A tissue diagnosis of Crohn's disease had been made 
five years earlier. Multiple roentgenographic examinations had 


Fig 1.—Gas in normal appendix of 63-year-old woman who had no 
abdominal signs or symptoms. Gas appears to communicate 
between laterally directed appendix and right lower quadrant 
cecum and continued to be seen on seven urograms taken over a 
two-hour period. 
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Fig 2.—Cyst of ileocecal mesentery and pathologically normal appendix in 5-year-old boy. Left, Intravenous urogram 





shows partial bilateral ureteral obstruction by extrinsic compression and gas in the right lower quadrant append x 
(arrows). Right, Barium enema postevacuation roentgenogram confirms position of appendix. Tip of cecum s 
displaced medially and superiorly by mesentery cyst. Appendix is directed caudad from its origin. 





Fig 3.—Gas-filled appendix in 38-year-old woman with Crohn's 
disease of proximal colon and distal ileum and with right- 
lower-quadrant abscess arising from diseased ileum. Left, Gas- 
filled appendix is seen on preliminary film for barium enema. 
Barium is present in colon after small-bowel study on preceding 
day. Right, Barium enema postevacuation roentgenogram 
confirms that appendix is dependent to cecum. Proximal appen- 
dix is immediately adjacent to inflamed distal small bowel. 


shown an inflammatory disease in the right half of the colon and 
in the terminal ileum. Recurrent exacerbations had been success- 
fully treated with antibioties, sulfasalazine, and steroids. 

During the current evaluation, small-bowel series roentgeno- 
grams showed a confined abscess communicating with the 
diseased terminal ileum. A roentgenogram prior to a barium 
enema on the next day showed gas in the appendix, which was 
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dependent to the cecum in the right lower quadrant of the 
abdomen (Fig 3, left) The barium enema showed that the 
proximal portion of this gas-containing appendix was zdjacent to 
diseased ileum (Fig 3, right). In retrospect, gas in the appendix 
could be identified on many roentgenograms from the previous 
several years. On this occasion, as in the past, the patiemt received 
medical treatment and became afebrile and asymptomatic within 
24 hours. 


COMMENT 


Since 1952, when Musgrove* first described gas in the 
appendix as a sign of appendicitis, numerous art:cles have 
confirmed this association.'*'^* Killen and Brooks" deter- 
mined that this rare roentgenographic finding occurred in 
only 1.9% of 323 patients with acute appendicitis. 

There is general agreement that when the appendix is at 
a level higher than the cecum, it may normally be filled 
with gas. This occurs so frequently in the absence of 
abnormality that it lacks any diagnostic specificity. 
However, when the normal appendix is in the right lower 
quadrant and projects downward from the cecum, it rarely 
contains roentgenographically recognizable amounts of 
gas." ^^ ':75 There are probably several reasons for this. 
Although gas may freely enter and leave the unobstructed 
appendix, it is normally only transiently present in this 
organ because the intraluminal pressure in the appendix is 
greater than that in the cecum," and gas usually seeks the 
region of lesser pressure. Second, when the ratient is 
standing or sitting, gas tends to escape from the depen- 
dent appendix upward into the more superior cecum.'? 
However, as demonstrated by the present cases, there are 
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unusual instances when recognizable quantities cf gas are 
present in the right lower quadrant appendix in the 
absenee of acute appendicitis. In addition, this has been 
doeumerted roeatgenographically in the literature by 
Fisher* and Beneventano et al.” 

It is generally accepted that the gas-filled appendix 
must be n the right lower quadrant of the abdomen and at 
a level lower than the cecum to be regarded as a sign of 
acute appencicits. This limits the potential number of 
patients in whom the sign may appear to less than 
one-thire of all cases. While Collins's reported the appendix 
to be in the right lower quadrant of the abdomen n 96% of 
50,000 surgical cases, it pointed caudad toward the pelvis in 
only 30% of 53,81) cases. In a study of 10,000 postmortem 
examima-ions, Wakeley'* observed the appendix to point 
downward in onl" 33% of the cases. 

Joffe's letter hes further narrowed the definiticn of gas 
in the appendix that may be indicative of acute appendici- 
tis to include only those eases in which the gas (1) is 
persistemt over am unspecified interval of time, (A is fixed 
in position, (3) saggests distention of the appendix, (4) 
appears not te be n free continuity with the cecum, and (5) 
is found im the presence of abdominal signs and symptoms 
appropriate for aute appendicitis. 

Just hew long gas may persist in a diseased appendix is 
difficult to deternine as only one set of roentgenozrams is 
usually cotaired n cases o? suspected appendiei-is. That 
gas may persist ia the uninflammed appendix for at least 
two hours is demonstrated by case 1. Case 3 shows that gas 
may recur intermsttently over an interval of years. 

Many »elieve that gas in the appendix that is dependent 
- to the cecum onl> oecurs with obstruction of the lumen, 
which they ecnsicer to be a prerequisite for the develop- 
ment of acute ap»endicitis.'* 75/9?" However, Killen and 
Brooks" reported a case of acute appendicitis with gas in 
the appendix that appeared on roentgenograms; kowever, 
there was no ebst-uction of the lumen. Collins'* foand that 
only 9.5% of 6,710 surgical specimens had totally occluded 
lumina, while 65% were completely patent. Th& would 
suggest that gas might commonly be retained in an 
inflamed appendix by an adynamic ileus rather than by 
mechanical obstrwetion. Lim? postulated that tke unin- 
flamed appendix may contain gas when there & either 
obstructive or nenobstructive distension of th» bowel 
because the appendix may also participate in the ileus 
process amd gas mmy enter it passively from the cecum. In 
the present case 1,compression and distortion of the cecum 
and appendix »y tae mesenteric cyst probably provided the 
mechanical factors necessary to permit gas to fill the 
appendix and be -etained. In case 3, we believe that an 
adynamie ileus is the likely explanation for gas in the 
appendix since there was inflammation of the edjacent 
terminal ileum in addition to a nearby abscess. 

We belve that distention of the appendix would be very 
difficult to cetermine in ary individual case merely by 
measuring the dia neter of its contained gas columm. In an 
autopsy series of 477 cases, normal appendiceal orifices 
ranged ‘rom 05 to 15 mm, with 17% of the specimens being 
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greater than 10 mm in diameter." This indicates the wide 
range of normal caliber that may be encountered. 

The lack of apparent continuity between gas in the 
appendix and gas in the cecum is not a reliable sign of 


acute appendicitis. On the abdominal roentgenograms of ee 


two of our patients and of others in the literature without 
appendicitis,*'* it is impossible to establish this continuity 
without performing positive contrast studies. Even with 
barium-enema examinations, one might expect nonfilling 
of a normal appendix in 5% to 10% of all cases.'* Conversely, 
filling of the appendix with barium does not absolutely 
exclude appenditicis.?" 


CONCLUSION 


Gas in the appendix should not be considered specific for 
acute appendicitis. In each instance, this finding must be 
interpreted in light of other roentgenographic, laboratory, 
and clinical findings. 


Jennie Lee Wilson, RT, retrieved the appropriate roentgenograms, Pat 
West prepared this manuscript, and Theodore E. Keats, MD, reviewed it. 
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In-vitro superiority 
against today's 
gram-negative 
hospital pathogens" 


Against 409 bacterial isolates, Amikin* 
(amikacin sulfate) activity was compared to 
leading injectable antibiotics. None of these 
agents inhibited as high a percentage of 
strains as did Amikin. 
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Susceptibility determined by the agar dilution test 
method, data on file, Bristol Laboratories. *Caution, 
in vitro data cannot be directly correlated to clinical 

effectiveness. 
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COMPARATIVE AMINOGLYCOSIDE 
INACTIVATION IN SERUM* 








Least inactivated : e 
ee 
* m = z 90 si 
in combination ` 
80 
When carbenicillin or ticarcillin is combined 
in vitro with ordinary aminoglycosides, a "9 
significant reduction in aminoglycoside 
activity may occur. Virtually unaffected in the 60 
presence of ticarcillin, Amikin is also 
minimally compromised by carbenicillin 80 
..while other aminoglycosides may lose up 
to 5096 of their activity! 
40 
30 
20 
10 
Adapted from Holt HA, Broughall JM, McCarthy M, 0 
et al: Interactions between aminoglycoside 0 6 12 18 24 


antibiotics and carbenicillin or ticarcillin, Infection 
7 : 4(2::107-109, 1976. 
*Caution , in vitro data cannot be directly correlated 
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AMIKACIN SULFATE 








BRIEF SUMMARY OF 

PRESCRIBING INFORMATION 

AMIKIN” (amikacin sulfate) 

For complete information, consult Official 
Package Circular 


(1) AMIKIN 5/27/76 








eighth-nerve function should be closely monitered in patients 
with known or suspected renal impairment and also in those 
whose renal function is initially normal but whe develop signs 
of renal dysfunction during therapy. Evidence cî impairment in 
renal, vestibular or auditory function requires discontinuation 











Warnings: 
Patients treated with aminoglycosides should be under close 
clinical observation because of the potential ototoxicity and 
nephrotoxicity associated with their use. 

Ototoxicity, both auditory and vestibular, can occur in 
patients treated at higher doses or for periods longer than 
those recommended. The risk of amikacin-induced ototoxicity 
is greater in patients with renal damage. High frequency deaf- 
ness usually occurs first and can be detected only by audio- 
metric testing. 

The ototoxicity potential of amikacin in infants is not known. 
Until more safety reports become available, amikacin should 
be used in infants only in those specific circumstances when 
susceptibility testing indicates that other aminoglycosides 
cannot be used or are otherwise contraindicated, and when the 
infant can be observed closely for evidence of toxicity. 
Aminoglycosides are potentially nephrotoxic. Renal and 















of the drug or dosage adjustment. 

Serum concentrations should be monitored when feasible, 
and prolonged concentrations above 35 mcg.'ml. should be 
avoided. Urine should be examined for increased excretion of 
protein, cells and casts. 

Concurrent and/or sequential use of topically or systemi- 
Cally neurotoxic or nephrotoxic antibiotics should be avoided. 

Amikin should not be given concurrentiy with potent 
diuretics. 

Usage in Pregnancy: Amikin should be used in pregnant 
women only when clearly needed. 


Indications: 

Serious infections due to susceptible strains of Gram-negative 
bacteria including pseudomonas sp., E. coli, indole-positive and 
indole-negative proteus sp., providencia sp., klebsvella-enterobacter- 
serratia sp., and acinetobacter sp. Culture and sensitivity studies 
should be performed. 


Clinical studies have shown Amikin to be efective in bacteremia 
and septicemia (including neonatal sepsis); in serious infections of 
the respiratory tract, bones and joints, certral nervous system 
(including meningitis) and skin and soft-tissue; intra-abdominal 
infections (including peritonitis); and in burrs and post-operative 
infections (including post-vascular surgery). Slinical studies have 
shown Amikin (amikacin sulfate) also to be effective in serious 
complicated and recurrent urinary tract infections due to these 
organisms. Aminoglycosides, including Amik n injectable, are not 
indicated in uncomplicated initial episodes ef urinary tract infec- 
tions unless the causative organisms are nat susceptible to anti- 
biotics having less potential toxicity. 

Bacteriologic studies should be performed to identify causative 
organisms and their susceptibilities to amikacin. Amikin may be 
considered as initial therapy in suspected Gram-negative infections 
and therapy may be instituted before obtainiag the results of sus- 
ceptibility testing. Clinical trials demonstrated that Amikin was 
effective in infections caused by gentamicn and/or tobramycin 
resistant strains of Gram-negative organisms, particularly Proteus 
rettgeri, Providencia stuartii, Serratia mareescens and Pseudo- 
monas aeruginosa. The decision to continue therapy with the drug 
should be based on results of the susceptibility tests, the severity 
of the infection, the response of the patient and the important 
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Broader 
therapeutic index 


Amikin's Toxic-to-Therapeutic Index (ratio of 
toxic serum level to Mean MIC) is three times 
greater than the next leading aminoglycoside! 
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Because individual patient serum levels may 
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Adapted from Lermer SA, Seligsohn R, 
and Matz GJ. Comparative clinica! 
studies of ototoxic'ty and nephrotoxicity 
of amikacin and gentamicin. Am J Med 
(special issue):112-117, June 1977. 


Probably today's most 





important hospital antib 


Please see foliowing brief summary for prescribing information. 


additional Cowsi@erations comtained in the "Warning" box above. 
Amikin has also been shawn to be effective in staphylococcal 
infections ard may 5e considered as initial therapy under certain 
conditions insthe treatment of knoven or suspected staphylococcal 
disease suck as severe infections where the causative organism 
may be either Gram-negative becterium or a staphylococcus, 
infections due te susceptibe strains of staphylococci in patients 
allergic to omer antibiotcs: and ir mixed staphylococcal/Gram- 
negative infections 
Amikacin may be indicated in the treatment of neonatal sepsis 
when susceribllity testing indicates that other aminoglycosides 
cannot be used |n certain severe infections such as neonatal 
sepsis, conccmitant therapy with a senicillin-type drug may be indi- 
cated beceuse of the possibility of mfections due to ram-positive 
organisms such «s streptocecci or pneumococci. 
Contraindication: 
A history af Fypersensitiv ty to amikacin. 
Warnings: 
See “Warning” bax above 
Precautions: 
Amikin is potentially nephrotoxic, otetoxic, and neurotoxic. The con- 
Current or seral =se of otter ototoxt or nephrotoxic agents should 


be avoided either systemically or topically because of the potential 
for additive effects. Such agents include antibacterial drugs such 
as kanamycin, gentamicin, tobramycin. neomycin, streptomycin, 
cephaloridine, paremomycin, viomycin, polymycin B, colistin and 
vancomycin as we as certain diurectic agents such as ethacrynic 
acid or furosemide 


Adverse Reactions 
Ototoxicity — See "Warning" box. 

Nephrotoxicity — Albuminuria, presence of red and white cells, 
casts, azotemia ard oliguria have been reported. 

Other— Skin rash, drug fever, headache, paresthesia, tremor, 
nausea and vomitim, eosinophilia, arthralgia, anemia, hypotension. 


Dosage and Adminstration: 

The usual I.M. o IV. dose with normal renal function is 15 
mg/Kg./day divide- into 2 or 3 equal doses administered at equally- 
divided intervals. For the heavier individual (greater than 100 Kg.), 
the total daily dose should not exceed 1.5 Gms. per day. 

When amikacin ss indicated in newborns (see box “Warning’’), it 
is recommended that a loading dose of 10 mg./Kg. be administered 
initially to be followed with 7.5 mg./Kg. every 12 hours. 

The usual duraton of treatment is 7 to 10 days. The total daily 
dose by all routes sf administration should not exceed 15 mg./Kg./ 


vary from statistical averages, Amikin's 
broader margins reduce the risk of 
subtherapeutic or toxic dosage. 


* Data on file, Bristol Laboratories 
Concentration curves adapted from: Winters RE. 
Litwack KD, Hewitt WL: J /nfect Dis 124 (suppl): 
590-595, December 1971 


Well tolerated 


As with other aminoglycosides, 
adverse auditory and renal reac- 
tions may occur at higher doses, 
reversible in some instances. But, 
in a study comparing the oto- and 
nephrotoxicity ef amikacin and 
gentamicin amang 53 monitored 
patients, Amikir demonstrated a 
significantly reduced side effects 
risk. (Other published studies have 
shown little or no differences in 
toxicity). 


Special Note: In £ mikin clinical trials, hearing 
loss was rarely clinical and usually an audio- 
gram was needed to identify such a loss. Ad- 
verse renal reactons due to Amikin usually 
consisted of elewations of serum creatinine 
and/or BUN, which were usually reversible. 
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day for the average-weight person. In the unusual circumstances 
where treatment beyond 10 days is considered, the use of Amikin 
Should be reevaluated and, if continued, renal and auditory func- 
tions should be monitored daily. 

For patients with impaired renal function, whenever possible, 
serum amikacin concentrations should be monitored by appropriate 
assay procedures. Doses may be adjusted in patients with impaired 
renal function either by administering norma+ doses at prolonged 
intervals or by administering reduced doses at a fixed interval. 

The solution for intravenous use is prepared by adding the con- 
tents of a 500 mg. vial to 200 ml. of sterile diluent such as Normal 
Saline or 5% Dextrose in Water or any other compatible solution. 

The solution is administered over a 30- to 60-minute period. 


Supplied: 

Rubber-capped vials as a ready-to-use sterile aqueous solution: 
100-mg., 500-mg., and 1.0-Gm. vials. 

Disposable Syringe (500 mg. per 2 mi.) 
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Fine-needle Aspiration Biopsy in 
Ampullary and Pancreatic Carcinoma 


Andrew Dekker, MD, Jon C. Lloyd, MD 


e Cytological verification of the angiographic, sonographic, 
and/or intraoperative diagnosis of pancreatic or ampullary carci- 
noma may be achieved by fine-needle aspiration biopsy (FNAB). 
Fifteen biopsies were done in 13 patients, 12 of whom were 
thought to have pancreatic carcinoma clinically. The FNAB 
specimen confirmed this in 11 of them. Also, one equivocal 
(suspicious), two false-negative, and no false-positive results 
were recorded. Complications were not seen. In addition, four 
patients with ampullary carcinoma had pancreatoduodenectomy 
on the basis of FNAB specimens. Since this method is more 
accurate and is safer and simpler than the traditional wedge or 
core biopsy of suspected pancreatic or ampullary tumors, and 
since it may eliminate the need for laparotomy in selected cases, 
we consider it the preferred method for immediate diagnosis of 
these neoplasms. 

(Arch Surg 114:592-596, 1979) 


ancreatic carcinoma, among cancers of the gastrointes- 
tinal tract, is second only to colorectal cancer in 
frequency. It has also increased in incidence in the United 
States since the turn of the century, so that 20,000 new 
cases and 18,000 deaths due to this disease are recorded 


annually."* Finally, the overall five-year survival rate is 


only 5%.° 

This grim situation is made even more distressing by the 
difficulties encountered in confirming the diagnosis of 
pancreatic malignant neoplasm. Major therapeutic deci- 
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sions are based on microscopic diagnosis, which has been a 
difficult challenge? due to pitfalls in histopathological 
interpretation and because of the well-known hazards of 
traditional pancreatic wedge or core biopsy. 

Fine-n2edle aspiration biopsy (FNAB) has been useful in 
establishing the diagnosis of neoplasia in many organ 
systems, including the pancreas where it has been success- 
fully, speedily, and safely carried out. Our recent experi- 
ence with this procedure has led us to the conclusion that it 
is the method of choice for immediate diagnosis of carcino- 
ma of th» pancreas and the ampulla. 


MATERIALS AND METHODS 


Thirteen patients thought to have pancreatic carcincma under- 
went FNAB over an 18-month period ending in December 1977. 
There were eight men and five women; the average age was 66.6 
years (rarge, 42 to 75 years); eight patients are still alive, five are 
dead, and one autopsy was done. In addition, during this time 
period, feur patients had the initial diagnosis of ampullary 
carcinome confirmed by intraoperative FNAB speamen, who 
thereupor had pancreatoduodenectomy (Whipple’s procedure) 
performed. The pertinent data from these four patients are given 
in Table 1. 

Nineteen FNAB specimens were submitted. Six of these were 
taken pereutaneously under sonographic control and 13 were 
carried out intraoperatively. Details of this technique have been 
previously described.’ In short, the technique consists of aspirat- 
ing with a special suction device equipped with a 22-gzuge needle 
on a dispcsable 20-mL syringe that allows one hand of tne operator 
to localize the lesion and the other hand to obtain maximum 
suction. The cytologist/pathologist who is present during the 
procedure prepares the slides, which are quickly fixed in 95% 
aleohol. Some of the glass slide preparations obtained intraopera- 
tively are immediately stained with hematoxylin-eosin in the 
same setup otherwise used for staining the quick-frozen histologic 
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Case/Age, yr/Sex 
1/61/F 1 


Diametsic Size of Tumor, cm 





4/50/M A No 





Table 2.—Results of Fin2-needle Aspiration Biopsy 
Spesimens (FNAB) in 17 Patients 
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Method of FNAB 
FNAB Specimens Results* 
Ultrasonically 6 4+ Palliative therapy 
cu:ded ard without operation 
percutaneous in all 4 
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*+ indicates malignant neoplasms; —, nonmalignant; ?, suspicious. 


sections. The morpkologie detail obtained was excellent and 
established the immediate diagnosis in every case so examined, 
except im the one "suspicious" result. The remainder of tae slides 
in eack ease are staired accordirg to the Papanicolaou technique. 
The preparations ob-ained percataneously are stained with the 
latter technique only. In addition, any material left in the 
aspirafing syrnges s fixed for 20 minutes with 10% ouffered 
formali-hyde solution and then submitted as a cell blæk. This 
materia! is embedded in paraffn so that regular hemetoxylin- 
eosin histolegic secticns could be prepared. The latter, in addition 
to giviag more evidence for a malignant process in several cases, 
was paracularly suitable for tumor typing, which in the pancreas 
is predominantly adenocarcinoma. The process of aspirating and 
preparzz cells obtained by FNAB is the same whether carried out 
percuteneously or intraoperatively, except that a longer (10-em) 
needle is used with tke former procedure. 


RESULTS 


A summary of th» results is given in Table 2. Four of the 
six FNAB specimens taken percutaneously unde” sono- 
graphic guidance showed malignancy. The lesions were 
thougkt to be unresectable, or the patient was considered 
to be operable. Therefore, exploratory laparotomy was 
avoidedand palliative nonoperative therapy was instituted 
on the basis of cytoiogical diagnoses gained from pareuta- 
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Tale 1.—Whiople's Procedure Performed in Four Patients With Ampullary Carcinoma: Clinical Data 


Metastasis 








Miscellaneous 
Jehovah's Witness; bled postopera- 


Follow-up 
Postoperative death 











3 No 
T tively 
postoperative "c 
3455/F 1.0 No Postoperative death Death due to sepsis 










Patierit 13 months 
postoperative MG 








Fig 1.—Unresectable tumor in head of pancreas of 64-year-old 
man. Intraoperative FNAB specimen stained with hematoxylin- 
eosin that provided surgeon with immediate confirmatory diagno- 
sis of malignant neoplasm. Note large irregular cells that fulfill 
many so-called criteria for malignant neoplasm (original magnifi- 
cation x 788). 


neous biopsy specimens. Two patients underwent laparoto- 
my after percutaneous biopsy specimens did not disclose 
malignant neoplasm, although intraoperative FN AB speci- 
mens did, whereas results of the wedge biopsy specimens 
done eoncurrently were negative. 

Thirteen FNAB specimens of the pancreas and ampulla 
were done intraoperatively. Percutaneous biopsy speci- 
mens taken previously from two patients failed to show the 
presence of malignant neoplasms, as discussed. Eleven 
specimens showed malignant neoplasms, one did not, and 
one was suspicious. There was histologic verification in 
seven of the 11 FNAB specimens that showed malignant 
neoplasms. This was on the basis of liver metastases in one 
case, regional nodal metastases in another, postmortem 
examination in the third, and histologic verification of the 
diagnosis in the group of four patients who had undergone 
pancreatoduodenectomy. Attempts to verify the cytologi- 
cal findings with wedge biopsy specimens of the primary 
tumor of the pancreas were carried out in three patients, 
two of whom were referred to previously. All had chronic 
inflammatory reaction without histologic evidence of 
malignant neoplasms. 

Palliative operations were performed in all seven 
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Fig 2.—Specimen from same man as in Fig 1. Note large irregular 
cells with irregular nucleoli and clumping of chromatin, indicating 
neoplastic process (Papanicolaou stain, original magnification 
x 788). 


patients with carcinoma of the pancreas from whom FNAB 
specimens disclosed malignant neoplasms. A palliative 
operation was also done in the patient from whom the 
biopsy specimen was suspicious. 

In one patient with choledocholithiasis and pancreatitis, 
an FNAB specimen disclosed only benign cells. There was 
no morbidity associated with the FNAB in this series. 


Cytopathology 


In all (15) cases where FNAB specimens positively 
showed malignant neoplasms, the microscopic findings 
were striking. Usually, benign duct epithelial cells were 
present that were in sharp contrast to the malignant cells. 
The latter usually were seen in large quantities with 
varying alterations in cell, nucleolar, and nuclear size, 
together with clumping and irregularity of the nuclear 
chromatin (Fig 1 to 5). In contrast, in the histologic material, 
these same cytological characteristics of malignant 
neoplasms were less convincing and the diagnosis depended 
more on abnormal location, ie, glands present in lymph 
nodes, liver (Fig 4), or muscle. The following cases emphasize 
the specific advantages of FN AB of the pancreas. 


REPORT OF CASES 


Case 1.—A 70-year-old woman was jaundiced and had epigastric 
discomfort five weeks before hospitalization. Chiba-needle cholan- 
giogram disclosed proximal common bile duct dilation with a 
smooth, tapered occlusion distally, suggestive of carcinoma. An 
ultrasonogram showed a 5 x 3-em mass in the head of the 
pancreas. Percutaneous FNAB of the mass was not done. At 
laparotomy, a large mass was found. Chronic pancreatitis was seen 
in a wedge frozen-section biopsy specimen, whereas an FNAB 
specimen disclosed malignant cells. A Roux-en-Y choledochojeju- 
nostomy was carried out. Three weeks later, the patient required 
reexploration for evacuation of an infected peripancreatic collec- 
tion. The patient died of sepsis and pulmonary complications. 
Autopsy was not done. 


The open-wedge biopsy specimen failed to disclose the 
malignancy due to peripheral pancreatitis, whereas deeper 
sampling of the lesion with the aspiration technique did. 
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Fig 3.—Specimen from same man as in Fig 1; cell block. Note 
neoplastic cells with prominent acinar arrangement confirming 
diagnosis cf adenocarcinoma (hematoxylin-eosin, original magni- 
fication x 788). 





Fig 4.—Liver biopsy specimen from same man as in Fig 1 
containing unsuspected adenocarcinoma. Tumor is n center; 
hepatocytes are at left. Note relative lack of evidence of malignant 
neoplasm compared with cytological preparations shown in Fig 1 
and 2 (hematoxylin-eosin, x 788). 


Pancreatic fistula, which ensued after operation, is a 
well-known complication of wedge and core biopsies that 
frequently is fatal." 


Case 2.—A 42-year-old man with migratory thrombopt lebitis for 
five months had upper abdominal and back pain assoc ated with 
anorexia znd weight loss for one month. Physical examination 
disclosed slightly icteric scleras and a vague epigastric mass. Liver 
function tests suggested mild extrahepatic obstruction. Mesenter- 
ic angiography showed encasement of the dorsal pancreatic artery 
and porta’ venous stenosis indicating unresectable pancreatic 
carcinoma. Sonography delineated a mass in the head of the 
pancreas from which a biopsy specimen was taken with a thin 
needle perzutaneously. Malignant cells were noted in th? aspirate. 
Combined radiation and chemotherapy resulted in substantial 
pain relie and improved liver function with cleariag of the 
jaundice. 


Pancreatic arterial encasement or portal venous stenosis, 
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Fig 5.—Ampullary tumor (case 4) that measured 2.0 cm in createst 
diameter. Inset, Cells from same tumor with bizarre nucleoli, 
variation in size of ruclei, and clumped chromatin, indicating 
malignancy (inset, Papanicolaou stain, x 788). 


in selective visceral angiography, is a reliable indicator of 
unresectability in pancreatic cancer." Now that comfirma- 
tion of malignznt reoplasms can frequently be arr ved at 
percutaneously it seems possible, in these select ezses, to 
provide palliative therapy without the added risk of 
surgery. 

CASE 3.—A 5&year-ald man underwent vagotomy and gastroje- 
junostomy for what was thought to be an obstructing d3odenal 
ulcer. Antreetom7 wa technically impossible to carry out »ecause 
of adhesions. Ckroni: inflammatory reaction was seen in the 
wedge biopsy specimen of the pancreas. Three months later, 
increasing back pain and jaundice developed. Ultrasonegraphy 
showed a 3-cm mass ia the pancreatic head. At reexploration this 
was confirmed, but æ pancreatic wedge biopsy specimea again 
disclosed ehronic nanc-eatitis. Biliary bypass relieved the jeundice. 
Five menths later, the jaundice recurred and back pain wcrsened. 
Repeated soncgraphy showed further enlargement of the 
pancreatic mass to £5 em. Celiac angiography showed tumor 
vessels in the pancreacic tumor. Percutaneous FNAB spec men of 
the mass under sonographic guidance disclosed malignaat cells. 
Autopsy confirmed th= presence of tumor. 


This case has beer reported previously.” The patient was 
operated on twice end biopsy specimens were taken both 
times, whereas the lefinitive diagnosis was made percuta- 
neously by an FNA3 specimen. Even at autopsy, histologic 
confirmation of tae cytological diagnosis requred a 
concerted effort. 
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COMMENT 


In this study, definitive diagnosis of pancreatic carcino- 
ma was made by FNAB specimens in 11 of 12 patients. The 
12th patient was shown by FNAB specimen to have a 
possible malignant neoplasm, which was eventually 
confirmed by other means. In an additional four patients, 
the clinical suspicion of carcinoma of the ampulla was 
confirmed by FNAB specimen. This high diagnostic yield 
with FNAB is similar to that reported.: To our knowl- 
edge, no false-positive diagnoses have been reported in any 
series including our own. 

Diagnosis of carcinoma can be made through a percuta- 
neous FNAB specimen of the pancreas. This was 
attempted in six of our patients under sonographic control 
with four specimens showing malignant neoplasms and 
two, no malignancy, which is similar to the results of 
others.'*-?^ 

Carcinoma of the pancreas has been notoriously difficult 
to diagnose at the time of operation when the traditional 
wedge or core biopsy technique is used. Diagnoses that 
were false-negative and false-positive, based on frozen- 
section specimens, have ranged from 15% to 45% and 0% to 
26%, respectively.” As emphasized by Spjut and Ramos,” 
however, the pathologist’s experience seems to ensure 
better results than the literature indicates. 

There are many reasons for the difficulty in making the 
diagnosis of pancreatic carcinoma with the frozen-section 
technique. The surgeon samples these tumors with reluc- 
tance because of the awareness of complications that may 
ensue. In the poorly taken biopsy specimen, chronic 
pancreatitis, which may surround the tumor mass, can 
simulate carcinoma to the inexperienced pathologist. On 
the other hand, if the tumor is well sampled by the surgeon, 
the pathologist may have great difficulty recognizing 
well-differentiated carcinoma due to the scarcity of 
evidence of malignant neoplasms present in the HE 
sections. Also, the best criterion for the presence of 
malignant neoplasms in histopathological interpretation, 
ie, invasiveness, may be mimicked by the presence of 
accessory pancreatic ducts between muscle bundles,” espe- 
cially in the area of the common bile duct. Cytological 
findings traditionally are considered less reliable than 
histologic methods because it cannot delineate invasive- 
ness. In the pancreas, however, we believe that the priori- 
ties may be reversed since in these well-differentiated 
tumors the cytological criteria for the presence of malig- 
nancy are obvious and diagnostic, whereas they may be 
minimal in histologic slides, as already explained (Fig 1 to 
4). Case 3 is presented to make this point since the tumor, 
diagnosed only by cytological findings during life, was so 
well differentiated that repeated histologic sections of the 
mass and peripancreatic areas were required to convince 
the pathologists at autopsy that they were indeed dealing 
with an invasive neoplasm. Of course, one of the main 
caveats of cytology should be remembered: a negative 
diagnosis does not exclude the possibility of a malignant 
neoplasm, especially if the clinical impression is other- 
wise. 
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There are other technical reasons why the yield of the 
FNAB specimen of the pancreas is strikingly greater than 
when more traditional techniques are used. The one-hand 
grip aspirating device allows the surgeon to palpate and fix 
the area of suspicion with one hand while aspirating with 
the other hand in this at times difficult to expose, relative- 
ly remote organ. Also, the length of the needle (3.75 em) 
guarantees that the tumor will be transfixed and sampled 
adequately at least once during the several passes made by 
the surgeon, whereas the thin gauge (22) of the needle 
provides a relatively atraumatic method of sampling, thus 
lessening the risk of fistula formation. In the face of 
strong clinieal suspicion of cancer, if the first sampling 


does not show a malignant neoplasm, repeated efforts may 


be made with impunity. 

The complieations directly attributable to wedge and 
core biopsy of the pancreas are documented and include 
pancreatitis, fistula, and hemorrhage. The complication 
rates range between 4.7% and 20% and are associated with 


mortality ranging from 1.5% to 3.8%.°*** One such compli- 


cation, after wedge biopsy, was seen in this series (case 1), 


which led to a fatal result. Clinically apparent complica- 
tions, such as bleeding or fistulas, after percutaneous or 
intraoperative FNAB of the pancreas using 22-gauge 
needles have not, to our knowledge, been discussed in 
previous reports and we have not found any in our 
experience. 

Dissemination of tumor cells in large-bore needle tracts 
has been documented. Crile and Hazard" reported malig- 
nant implantation at the site of a Vim-Silverman needle 
puncture (14-gauge) of the skin one year after ccre biopsy 
was done for diagnosis of thyroid carcinoma; this has also 
been reported in other organs.*-^* With the FNA3, howev- 
er, there has been no evidence of dissemination of cancer in 
a large series of patients with different tumor types of 
various organs." Moreover, in patients undergoing 
pancreatoduodenectomy in whom the diagnosis of ampulla- 
ry carcinoma was established by FNAB specimen, there is 
even less chance of tumor contamination than with the 
traditional wedge or core biopsies since the tumor is 
sampled through the unopened duodenum. 
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Hepatie Dysfunction During 


Isoniazid Chemoprophylaxis 
in Renal Allograft Recipients | 


Paul A. TFomas. Jr, AD; Martin F. Mozes, MD; Olga Jonasson, MD 


€ Hepatitis is a f-»quent complication of dialysis and renal 
transplantation: thesefore, the occurrence of drug hepatotoxicity 
is an aeditional impzrtant consideration in renal allograft recipi- 
ents. Azathioprme, eded for immunosuppression, and isonia- 
zid, used tor an itubsrculous chemoprophylaxis, are both poten- 
tially hepatotoxic. Æ retrospective study of 119 patients who 
received 726 renal c lografts was done to estimate the 5robable 
incidence of iscniaz d-related hepatic dysfunction. All patients in 
this seres were administered isoniazid chemoprophylazis. Post- 
transplantation hepatitis developed in 13 patients. Cireumstan- 
tial evidence supported a presumptive diagnosis of ssoniazid 
hepatotoxicity in theee recipients. We concluded tha: routine 
isoniazd chemoprcohylaxis is not justified in renal allograft 
recipieats based on the probability of hepatotoxicity as 
contrasted to the inf*equent occurrence of tuberculosis. 

(Arch Surg 174:597-599, 1979) 


soniazid antituberculosis chemoprophylaxis was ziven to 
all renal ailog73ft recipient patients at the Uriversity 
of Illinois Hospitzl, Chicago, from the inceptier of the 
program in 1969 tarough 1977. This policy was instituted 
after consultation with the University Hospital Irfectious 
Disease Serviee a3d was based on the statement made by 
the Ac Eoc Cemm ttee of the National Tuberculosis Asso- 
ciation im 1967,’ recommending that isoniazid be adminis- 
tered to all pa-ien-s with a positive tuberculin skin zest who 
are receiving corticosteroid treatment. This poicy was 
extencec to provise for a population of patients who were 
relatively anergic and uremic, who were to undergo immu- 
nosuppressior incefinitely, and in whom negative results 
of tubereulin skin tests were unreliable. 

Hepatetoxieity ts a well documented, unpredictzble idio- 
synerstie response to isoniazid therapy that reportedly 
occurs ir 8% io 1%% of individuals receiving the drug for 
chemoorsphykaxis** Since hepatitis is a frequent complica- 
tion of beth d:alysss and transplantation, it is impertant to 
clarify t:e poten=al contribution of isoniazid chemopro- 
phylaxis to the pathogenesis of hepatic dysfunction in 
renal allegrafz ree pients. Therefore, a retrospect ve anal- 
ysis of tais unifommly treated series of recipient patients 
was undertzken. 
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MATERIALS AND METHODS 


From the beginning of this program in 1969 through 1975, 181 
patients aged 7 to 62 years received 188 renal allografts. Chemo- 
prophylaxis against tuberculosis was initiated with the first 
transplant in all recipients and was continued indefinitely in the 
absence of complications or allograft rejection. Sixty-two patients 
who retained allograft function less than ten weeks and who 
received isoniazid for less than eight weeks were excluded from 
consideration in this study. A basic regimen of azathioprine and 
prednisone for immunosuppression was used. In addition, paren- 
teral methylprednisolone was given immediately after transplan- 
tation and to treat acute rejection. Dosages were adjusted on an 
individual basis as indicated by the clinical course. Cyclophos- 
phamide was substituted for azathioprine in selected patients with 
hepatic dysfunction. A variety of additional medications were 
administered as needed to control hypertension or to treat inter- 
current infections. 

Adult recipient patients were given 300 mg of isoniazid daily 
supplemented with pyridoxine hydrochloride (vitamin B,) to 
minimize the occurrence of peripheral neuropathy. For younger, 
smaller patients the isoniazid dosage was adjusted to their body 
weight. Therapy was initiated after stabilization of the immediate 
posttransplant course and before discharge from the hospital. 
Chemoprophylaxis was continued while the patient was still 
undergoing immunosuppression or until hepatic dysfunction 
became evident, at which time therapeutic alternatives were 
considered. Laboratory determinations of levels of SGOT, SGPT, 
serum alkaline phosphatase, serum bilirubin, and other determina- 
tions of liver function were done regularly in all renal allograft 
recipient patients. These studies were done weekly during periods 
of hospitalization, before each clinic visit, or more frequently if 
indicated by clinical observations. Hepatic dysfunction was diag- 
nosed when SGOT and SGPT elevations exceeded two times the 
upper limit of normal for this laboratory on two or more successive 
determinations. A diagnosis of clinical hepatitis was based on a 
combination of complaints, including anorexia, nausea, fatigue, or 
abdominal discomfort supported by persistent enzyme elevation of 
longer than two months, elevated serum bilirubin level, or liver 
biopsy specimen that revealed characteristic histopathological 
changes. Clarification of probable causes of hepatic dysfunction of 
this series of patients was enhanced by serological screening of all 
patients for hepatitis B-surface antigen (HBsAg). Stored serums 
collected from patients who underwent transplantation in the 
earlier years of the program were used for retrospective determi- 
nations where necessary. Additional determinations were made in 
patients with hepatic dysfunction during the period of functional 
derangement. 


RESULTS 


By the criteria just stated, 119 patients who received 126 
renal allografts were considered to be at risk for develop- 
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ment of isoniazid hepatotoxicity. Hepatic dysfunction was 
observed at some time during the posttransplant course in 
22 patients whose ages ranged from 10 to 45 years, with an 
average age of 27 years (Table 1). In nine individuals, the 


_ enzyme abnormality spontaneously reversed without alter- 


ation of drug therapy and a cause was not definable. The 
conditions of 13 patients were diagnosed as clinical hepati- 
tis; two of these patients died of progressive, fulminating 
liver failure (Table 2). The time from transplantation to 
onset of symptoms was three to eight months in 11 
patients; in the remaining two patients, symptoms 
occurred 18 to 44 months after allografting. Symptoms 
were preceded by enzyme elevations in four patients. The 
diagnosis of hepatitis was substantiated by the findings of 
ascites or palpable liver (one case each), the presence of 
hyperbilirubinemia (eight cases) or histopathological find- 
ings of acute inflammation (five cases). All symptomatic 
patients had persistent serum enzyme elevation. Liver 
biopsy specimens from five patients all showed histopa- 
thology consistent with hepatitis. The biopsies were done 
in three of eight patients with elevated serum bilirubin 
levels and two of five patients without elevated serum 
bilirubin levels. 

In all 13 patients, isoniazid chemoprophylaxis was 
discontinued when liver dysfunction was recognized. In 
addition, therapy with azathioprine was discontinued and 


substituted with cyclophosphamide in eight patients. 


A most probable cause of hepatitis was considered in 
each case based on the clinical findings, course, analysis of 
laboratory studies, and responses to drug manipulations. 
Three patients were identified for whom a diagnosis of 


Table 1.—Hepatic Function and Presence of 
Hepatitis B-Surface Antigen (HBsAg) in 
119 Renal Allograft Recipients 


HBsAg Positive 
—e:.R._aeEeE _Ř 
Before After 
Trans- Trans- 
plantation plantation 


HBsAg 
Negative 


No hepatic 
dysfunction 

Hepatic dys- 
function (N = 22) 18 

Total 119 . 101 


(N = 97) 83 









Table 2.—Abnormal Laboratory Findings in 
13 Renal Allograft Recipients With Clinical Hepatitis 







Hepatitis 














B-surface Enzyme 
Antigen- Bilirubin Ele- Positive 
positive Elevation vation Histology” 







Isoniazid toxicity Biopsy not 
(N = 3) 0 1 3 done 
Azathioprine tox- Biopsy not 
icity (N = 1) 0 done 






1 e 
Viral (N — 5) 3 5 5 3 


Undetermined 1 
(N = 4) 0 1 4 2 


*Liver biopsy specimen revealed nonspecific inflammation in five 
cases; biopsy was not done in eight cases. 
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probable isoniazid hepatotoxicity was made (Table 2). The 
onset of hepatitis occurred at two, three, and five months 
after transplantation. Resolution of clinical hepatitis three 
to eight weeks after discontinuation of isoniazid therapy 
was observed in these patients, all of whom hac negative 
results on serological tests for HBsAg. Although azathio- 
prine therapy was discontinued simultaneously for one of 
these patients, hepatic dysfunction did not recur after 
reinstitution of therapy with this drug. The clinical 
response to isoniazid withdrawal was interpreted as 
presumptive evidence of hepatotoxicity; however, the 
patients were not challenged by readministration of the 
drug to test the diagnostic probability. 

Withdrawal of isoniazid did not alter the course of 
hepatitis in the remaining ten patients (Table 2). In one 
patient, hepatitis was considered to be related to the 
azathioprine. In this particular patient, cyclophesphamide 
was substituted for azathioprine six months afzer trans- 
plantation with resolution of hepatitis in three weeks. 
Twenty months later, azathioprine therapy was restarted 
as a clinical trial with subsequent onset of hepatic dysfunc- 
tion over a period of two months that once again remitted 
after withdrawal of the drug. The dominant clinical char- 
acteristic in five patients was a course of disease consistent 
with hepatitis B and/or systemic cytomegalovirus infec- 
tion. One of these patients with histologically defined 
chronic active hepatitis and serological evidence of cyto- 
megalovirus infection also had a temporal response to drug 
manipulation between azathioprine and cyclophosphamide. 
Both of the patients who died of hepatic necrosis had 
positive results for HBsAg. The first patient was known to 
have had hepatitis with antigenemia before transplanta- 
tion. She experienced a progressive, relentless deteriora- 
tion in liver function that began four months after trans- 
plantation and lasted five months, until her death. The 
second patient had negative results for HBsAg until she 
was hospitalized with fulminating hepatic failure 44 
months posttransplantation; the patient died within two 
weeks o? onset. The administration of all potentially 
hepatotoxic drugs, including isoniazid and azathioprine, 
was discontinued in both patients. The establishment of a 
presumptive diagnosis was less secure in four patients 
(Table 2). They did not have evidence of prior hepatic 
dysfunction, they did not have hepatitis antigenemia, they 
did not respond to drug withdrawal, and they demon- 
strated no indication of cytomegalovirus infection. Howev- 
er, the clmical course was compatible with the hevatitis of 
non-B viral infection. 


COMMENT 


The incidence of hepatic dysfunction in this ser es of 119 
patients who retained renal allograft function ten weeks or 
longer was similar to that reported by other investiga- 
tors.*^ Of the 22 patients (18%) who experienced hepatic 
dysfunction, 13 (11%) had important clinical findings, 
including systemic symptoms. Eighteen of the 119 patients 
in this series had positive results on serological tests for 
HBsAg at some time during the period of observation; 
however, these patients were no more likely to exhibit 


Isoniazid Chemoprophylaxis—Thomas et al 


hepatic dysfuneticn than the patients with negative results 
for HBsAg (Table 1). 

The reported incidence of isoniazid hepatote»icity in 
individuals receiving antituberculous chemoprophylaxis 
ranges from 9% te 12%." This includes a large proportion 
of individuals who experience a mild enzyme elevation that 
may spontaneoushy reti to normal or return tc normal 
after withdrawal ef isoniazid therapy. Nine patienzs in our 
series ef renal allograft recipients had transient enzyme 
elevatiens without other manifestations of hepatitis and 
we are unable to estimate how many of these episodes, if 
any, were soniasid induced. Garibaldi et al^ reported 
serious hepatic dysfunction with systemic symptoms 
accompanied by jaundice occurring in 0.8% of 2,321 subjects 
receiving chemoprephylaxis, with two deaths from hepatic 
necrosis. Black et al’ summarized the US Public Health 
Service isoniazid surveillance program experience with 
13,838 patients admitted for chemoprophylaxis during the 
period of July 1971 to November 1972. They described 114 
patients with symptomatic hepatitis. The onset of clinical 
manifestations was observed two to 11 months after 
initiation of therzpy in 54% of patients. Hepatocellular 
injury varied from moderately severe to massive necrosis. 
This study showed that populations of rapid i&oniazid 
acetylators were more susceptible to liver injury than 
populations of slow acetylators. The authors concluded that 
isoniazid he»atotcxicity was not a hypersensitivity reac- 
tion but resulted from direct hepatocellular injury. After 
extensive review of available experimental and clinical 
data, Mitchell an- Jollows* hypothesized that metabolic 
activation of hydrazines liberated from isoniazid in the 
liver aeecunted for the hepatic necrosis, thereby ex»5laining 
the increased prsbability of hepatitis in human fast- 
acetylator populations. 

In our series o^ 119 renal allograft recipients at risk, 
clinically major hepatic dysfunction developed in three 
patients (2.5%) that was attributed to isoniazid he»atotox- 
icity. Based on the mechanism of action proposed previous- 
ly in this article, hepatitis resulted from direct cellular 
injury rather thar from isoniazid hypersensitivity. There- 
fore, the faet tha: these three patients were uncergoing 
immunosuppressien would not be expected to modify the 
patient's susceptibility to isoniazid injury. 

The appearance of clinical hepatitis in renal allograft 
recipients represeats a serious threat and may necessitate 
withdrawal of critically needed azathioprine. The manage- 
ment of patients in whom hepatic dysfunction develops 
after transplantation is complicated with frequen: altera- 
tions in immunosuppressive therapy, including dosage 
adjustments, substitution of cyclophosphamide, or drug 
withdrawal. Unneeessary discontinuation of azataioprine 
at the risk o? allograft rejection in a patient with unrecog- 
nized, reversible isoniazid hepatotoxicity would be regret- 
table. Therefore, the prophylactic benefit of iseriazid in 
this populat.on of patients who have a high incidence of 
hepatitis and who require one or several additionzl poten- 
tial hepatotoxic drugs, is questionable. 

Tuberculosis has been rarely encountered in renal allo- 
graft recipients." Fatal pulmonary tuberculosis was record- 
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ed in four of 10,000 recipients in the American College of 
Surgeons Institutes of Health Organ Transplant Registry. 
The low incidence of tuberculosis reported is not attribut- 
able to isoniazid chemoprophylaxis since this is not recom- 2d 
mended regularly in most transplant centers. Therefor “4 
although the available data are meager, we estimate that 3 
the probability of tuberculosis appearing in the transplant z 
recipient who is undergoing immunosuppression does not i: 
approach the incidence of serious isoniazid hepatotoxicity 4 
observed in our series of patients. Israel? stated that the a 
probability of tuberculosis appearing in patients who are 1 
undergoing immunosuppression does not substantiate v 
acceptance of the risk of isoniazid hepatotoxicity. Black” 


urged caution in the administration of isoniazid to popula- 
tion groups at risk for hepatic complications and our x 
experience tends to confirm this attitude in patients who ‘ 


are having transplants. Prompt recognition of tuberculosis 3 
in the renal allograft recipient can lead to successful : 
treatment with appropriate antituberculous chemothera- 
py.” 

In a previous communication, one of us (P.A.T.) 
suggested a rationale for selection of renal allograft 
recipient patients for isoniazid chemoprophylaxis." Analy- 
sis of the data available from this study indicates that 
more refined selectivity is justified. Therefore, it is recom- 
mended that isoniazid chemoprophylaxis be limited to 


patients with known positive tubereulin skin tests who 5 
have either recently converted or who have abnormal chest r 
roentgenograms and to patients with a history of tubercu- A 


losis. Furthermore, it is recommended that isoniazid ther- 
apy be discontinued after one year for the stable renal 
allograft recipient, since there is no evidence that prophy- 
lactic benefit is achieved by continuation of therapy 
beyond that time. 


Nonproprietary Name and Trademark of Drug 
Azathioprine— Imuran. 
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Relationship of Muscle Surface pH to 


Noninvasive Hemodynamic Studies 


In Arterial Occlusive Disease 


Thomas F. O'Donnell, Jr, MD; Jeffrey K. Raines, PhD; R. Clement Darling, MD 


e To examine the possible relationship between Doppler pres- 
sures (DP) and pulse volume amplitude (PVR) with muscle 
surface pH (pHm), we studied 20 patients before, during, and 
after arterial reconstruction. The mean pHm for the claudication, 
rest pain, and ischemic gangrene groups differed from a control 
group and from each other. The pHm varied directly with DP and 
PVR for the 20 patients as a whole. After reconstructive surgery, 
improvement in pHm seemed to precede changes in DP and PVR 
in six patients with combined segment disease. Although pHm 
correlates generally with DP and PVR, it is invasive. Therefore, 
pHm should not be used as a routine screening test. Whereas DP 
and PVR may reflect the anaerobic activity of peripheral tissue, 
they may be less prompt than pHm in responding to acute 
changes in blood flow. 

(Arch Surg 114:600-604, 1979) 


UND arterial occlusive disease becomes “hemodynamically 
significant,” tissue perfusion pressure is lowered and 
metabolic activity is altered." Depressed intracellular 
oxygen concentrations limit the rate of phosphorylation of 
adenosine diphosphate (ADP). Enhanced hydrogen ion 
production, which occurs concomitantly with increased 
lactic acid formation, is the most familiar metabolic hall- 
mark of diminished mitochondrial respiratory exchange 
(anaerobic glycolysis).* Although the metabolic alterations 
associated with cellular ischemia are well delineated, 
current methods for assessing arterial occlusive disease 
depend on relatively “indirect” estimates of segmental 
limb perfusion,‘ such as Doppler occlusion pressure’ or 
segmental plethysmography. By contrast, metabolic 
indexes of tissue perfusion might prove more sensitive. 
O'Donnell et al’ have shown that when patients are,at rest, 
arteriovenous difference (AAV) of lactate and oxygen is 
increased in patients with rest pain and gangrene. Muscle 
surface pH (pHm) also is depressed in these two clinical 
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groups. By contrast, AAV lactate and pHm when the 
patients were at rest were comparable with control values 
in patients with claudication. 

Although these studies showed a rough correlation 
between clinical estimates of limb ischemia ard altered 
regional metabolism, such as pHm, a relationship between 
hemodynamic measurements of perfusion and metabolic 
changes has not been explored critically in tke clinical 
setting. An experimental model, in which the percent 
stenosis of an artery was varied, demonstrated that 
decreases in pH m preceded substantial changes in arterial 
flow or pressure.* This finding is intriguing and suggested 
that pHm may be more sensitive than hemodynamic 
measurements currently used to assess the importance of 
atherosclerotic occlusive disease (AOD). To exzmine the 
relationship between pHm and Doppler systolic pressures 
or segmental plethysmography, we studied 2C patients 
before, during, and after reconstructive surgery for 
AOD. 


PATIENTS AND METHODS 
Protocol 


Twenty patients who came to the surgical services o? either the 
Massachusetts General Hospital or the Tufts-New England Medi- 
cal Center, were studied. All patients had been previously selected 
for arterial reconstructive surgery by clinieal criteria and all 
underwent arteriography and noninvasive hemodynamic studies 
preoperatively. Patients were fully informed of all procedures. 
Percutaneous mpH measurements were obtained befcre, during, 
and after arterial reconstruction, with the patients under anesthe- 
sia. No complications resulted from the placement of the pH 
probe. 


Control Group 


Measurements of mpH were obtained in seven patients 
undergoing ligation and stripping of the greater saphenous vein 
and treatment of incompetent perforating veins of the calf. These 
values have been reported previously by us.’ Doppler systolic 
occlusion pressures of these patients were within the normal 
range. Segmental plethysmography was not obtained. 


Study Group 


The 20 patients were assigned to the following three groups, 
depending on their symptoms: claudication (N = 9), rest pain 
(N = 8), and ischemic gangrene (N = 8). Five of these patients 
were included in a previous report; Our methods have been 
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deseribed in detail in previous communications” and will be 
briefly outlined here. 


Hemodynamic Measurements 


Doppler systolic c»elusion pressure and segmental plechysmog- 
raphy studies were serformed when the patients were a` rest and 
after &andard exercise testing. Specially constructed :phygmo- 
manometer caffs were placed snugly around both thighs, calves, 
and anles. The thigh cuff bladder was 35 x 17.5 em, whereas the 
bladder for the--alf and ankles was 21.9 x 11.8 cm. Afterthe thigh 
cuff was conneeted to the monitoring port of the pul= volume 
recorder instrumen-, it was inflated to a pressure of 65 mm Hg 
(400 mL ef atmospseric air per cuff volume). The pul= volume 
amplitede was displayed on a strip recorder. Pulse volume tracings 
were then obza:ned at the calf and ankle levels by injeetion of a 
fixed valume (25 + 10 mL) of atmospheric air into the cuffs to 
reach @ pressure of 35 mm Hg. 


Systelic ocdusion pressures of the thigh, calf, and arkle were - 


determ ned by selecting the pedal vessel with both the crispest and 
loudest-sound. Each segmental cuff was then inflated secuentially 
using tae hand bulb That value on the amplitude gauge at which 
the firs: Doppler sound was heard was taken as represertative of 
the systolie pressure at the site of the occlusion, the Doppler 
systolic occlusion pressure. 

After completion of the resting studies, exercise testing was 
done or an electric readmill at a 10% grade walking at 1% mph. 
During the exercise period, the degree and location of symptoms 
and maximal walkng time were reported. If no symptoms 
occurred, a five-miaute standard walking time was selected. 
Immediately after exercise, pulse volume amplitude and systolic 
occlusicm pressures were measured at the ankle and brachial 


levels. 


Measurements of mpH 


The dharacteristics of the specially modified percutaneous mpH 
probe and the technique of insertion have been describec in detail 
by one ef us (7. *.O'B.)." Before and after insertion, the probe was 
calibrated with standard reference solutions that had a pH of 7.28 
and of 740. With the patients under general anesthesia, a 
2l-gauge probe was introduced through a small puncture wound 
over the medial belly of the gastrocnemius muscle. Care was taken 
to deve-op a track dewn to the actual muscle surface with a blunt 
probe and to incise tne muscle fascia with a No. 11 blade zo permit 
probe contact with tae muscle surface. A glass reference electrode 
was placed on tne seme limb, and its tip was kept in contact with 
the skim by electrode paste. Both probes were conne-«ted to a 
researco-trpe pH meter. Measurements were made at ore-minute 
interva-s before the surgical incision was made. The mean of five 
readings was taken as the prereconstruction mpH value. After the 


Table 1.—Hemodynamic Data (Mean + SEM) 


Coppler 
Systolic Ankde Pulse 
Ankle Doppler Systolic Volume 
Pressure, Ankle/Brachial Recording 
Group rm Hg Pressure Ratio Amplitude, mm 








Corrroi 
(N — 7) 
Clawdication 
(N = 9) 
Res: pain 


Norma! value, 


138 +12 1.1 +0.4 z 15mm 


773 x 10.1 057+ .07 


(N — 8) 


509 + 5.4 0.31 + .03 


ischemic 
gangrene 
(N = 3) 


113 + 9.3 0.08 + 0.6 
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operative incision was closed, mpH readings were carried out 
every minute for five minutes. Again, the mean of these five 
readings was used as the postreconstruction value. In addition, 
mpH readings were obtained throughout the procedure to corre- 


late with events such as clamping of the femoral artery or the — , 


aorta. Hemodynamic and metabolic data were compared by the 
Student's t test and regression analysis, where appropriate. 


RESULTS 
Clinical Data 


The mean age for the 20 patients with AOD was 60.7 + 5 
years and men outnumbered women 9 to 1. Arteriography 
revealed that the aortoiliac segment was more frequently 
involved in the claudicant group (5/9) than in either the 
rest pain (2/8) or the ischemic gangrene (0/3) groups. 
Occlusion at the aortoiliac level (claudication, three 
patients; rest pain, one patient) was less common than at 
the femoropopliteal segment (claudieation, four patients; 
rest pain, four patients; and ischemie gangrene, one 
patient). Multisegmental occlusions were present in two of 
the eight patients with rest pain and two of the three 
patients with ischemie gangrene. Involvement of the 
profunda femoris artery and isolated segment one-vessel 
runoff were frequently observed in the latter two 
groups. 


Hemodynamic Data 


As given in Table 1, Doppler systolic ankle pressure in 
the rest pain group (50 + 5.4 mm Hg) and in the ischemic 
gangrene group (11.7 + 9.3 mm Hg) were depressed at 
levels below that of the claudicant group (77.1 + 10.1 mm 
Hg) (P < .01). Doppler systolic ankle/brachial pressure 
ratio (DSAB) and pulse volume amplitude for the three 
patient groups were also substantially lower than control 
values and these values differed substantially among the 
four groups. 


Metabolic Data 


Figure 1 shows preoperative pHm measurements for the 
four groups. A progressive decrease in mean pHm values 
occurred as the ischemic process became more severe, as 
judged by clinical criteria. Although the mean pHm of each 
group differed from the other (P — .01), individual pHm 
values in the claudieant group overlapped the lower range 
of the control group and the upper range of the rest pain 
group. The three patients with frank tissue damage 
(ischemic gangrene group) showed substantially depressed 
pHm values, well below all eight values in the rest pain 
group. : 

Shown in Fig 2 is the correlation between preoperative 
pHm values and Doppler systolic ankle pressure. Although 
pHm varied directly with Doppler systolic ankle pressure 
for our 20 patients with AOD (P — .01), it correlated 
directly only with the rest pain group. When Doppler 
systolic pressure was converted to DSAB (Fig 3), a similar 
correlation between DSAB and pHm was observed for the 
20 patients as a whole. No relationship between pHm and 
DSAB, however, was noted in the control, claudication, or 
ischemic gangrene groups compared individually. By 
contrast, a significant correlation (P — .05) was noted for 
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the rest pain group. 


Figure 4 compares pHm vs pulse volume amplitude. As - 


was observed for the DSAB ratio, there is a significant 
correlation (P < .05) between a hemodynamic measure- 
ment (pulse volume amplitude) and a metabolic assessment 
of ischemia (pHm). Unlike the DSAB ratio, this relation- 
ship was present for both the claudication and rest pain 
groups. 

The Effect of Surgery on pHm 


The level of pHm decreased to low values (6.84 + 8) after 
erossclamping of the aorta or femoral artery. The magni- 


tude of the pH m depression after clamping varied inverse- 
ly with the Doppler systolic ankle pressure, which was 
probably indicative of the degree of preexisting collateral 
blood flow. After arterial reconstruction, the rate at which 
pHm achieved values comparable to control variec with the 
amount of blood loss and occlusion time. All but wo pHm 
values returned to control range by two hours after 
surgery (Table 2). These two patients, who were undergo- 
ing inflow procedures for limb salvage, had evidence of 
combined segment disease. Their pHm values advanced to 
the claudicant range and no subsequent arterial procedure 
was required by either of them. By contrast, arkle pulse 
volume amplitude at the end of the procedure had not 






E ys e changed from preoperative values in these two patients. A 
E 7i " similar delay in improvement of the pulse volume ampli- 
& ee ewe tude was noted in the other four patients with 2ombined 
~ 730 ? dM segment disease who were undergoing inflow procedures. 
= °° In these four patients, however, the pHm had improved to 
Stc pe s d t the normal control range by the end of surgery. 
q LJ 
È 7.10 2 7.50 
(€ ^ | 
u 790 È T40|- | & GANGRENE 
d ET O REST PAIN a 2] 
O 690 E ~ 730 8 CLAUDICATION i 
3 
= aT Esa x 
680 7.20 
6.70 È 7.10 
NORMAL CLAUDICATION REST ISCHEMIC xu 
CONTROL PAIN GANGRENE hr 
S 
(n=7) (n=9) (n=8) (n=3) Q 690 
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PRE-ARTERIAL RECONSTRUCTION 


Fig 1.—Individual and mean muscle surface pH (pHm) values in 
three groups of patients with arterial occlusive disease before 
arterial reconstruction compared to group of normal control 
patients. Although each group differs significantly from one 
another, there is significant overlap of pHm in (1) lower range of 
control and upper range of claudicants, and (2) lower range of 
claudicants and upper range of rest pain group. 
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O 040 0.20 030 040 0.50 0.60 070 080 0.90 1.00 140 
DOPPLER SYSTOLIC ANKLE / BRACHIAL PRESSURE RATIO 


Fig 3.—Muscle surface pH (mPH) (vertical axis) is correlated with 
Doppler systolic ankle/brachial pressure ratio (horizontal axis). 
Although pHm correlated directly with noninvasive hemodynamic 
values for group of patients with atherosclerosis occlusive 
disease as a whole, it related only to rest pain subgroup. 
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10 20 30 40 50 60 70 80 9C 100 110 
DOPPLER SYSTOLIC ANKLE PRESSURE 
(mmHg) 


Fig 2.—Muscle surface pH (mpH) (vertical axis) comoared with 
Doppler systolic ankle pressure (horizontal axis) in petients with 
arterial occlusive disease (AOD). The pHm correlated with Dopp- 
ler systolic ankle pressure for the group of patients with AOD as a 
whole but not for each individual subgroup. 


= CLAUDICATION 
@ REST PAIN 


A ISCHEMIC 
GANGRENE 


MUSCLE SURFACE pH (pHm) 
~ 
o 


Oo 5 10 I5 
PULSE VOLUME RECORDING AMPLITUDE (mm.) 


Fig 4.—Muscle surface pH (vertical axis) is correlated with pulse 
volume recording amplitude (horizontal axis). Direct relationship 
was observed for group of patients with atherosclerosis disease 
as a whole and two of three subgroups: claudication and rest 
pain. 
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f Arterial Reconstruction on Muscle 
Surface pH (pHm) 


Prereconstruction — Postreconstruction ` 
Group pHm pHm " 


a 


Cleudicatior j 
(N= 9) 727 + .04 7.38 + 03 

Rest pa LA +? .02 

Ischemic gangrene 


(N = 3) 


*Inc.udies two patiens in whom pHm increased to prereconstrection rest 
pain range. 


7.22 + .09* 


COMMENT 


Our study demonstrates that pHm, a metabolic mdex of 
tissue »erfusicn, correlates with two forms of non nvasive 
hemodynamic assessment, Doppler systolic pressure and 
segmemta! plethysmography (pulse volume amplitude). 
There are, however, several exceptions to this relafionship. 
That pHm is a sensitive index of local tissue perfusion has 
been established by several investigators." After 
measarements of ergan surface pH, which were carried out 
to determine tisse viability, Couch and his associates" 
applied this princi-le to the assessment of peripheral tissue 
perfus:on. Ir subsequent experimental" and clinical stud- 
ies, Ceach and other investigators (Wolpert et al“ and 
Lemax et aj") showed that pHm responded earlier to 
diminished -issue perfusion than did conventioral mea- 
surements of flow or pressure. In a study of 50 pediatric 
cases, Filler et al’ demonstrated the clinical value of serial 
pHm monitoring. The pHm reflected subtle chenges in 
perfusion that preceded more gross hemodynami- altera- 
tions. 

In addition to zystemic alterations in flow (diminished 
carde output) end inadequate oxygenation, depressed 
peripheral fow secondary to AOD may be refleczed by a 
lowered pHm. Of sight patients undergoing arterial recon- 
struct-e surgery studied by Couch et al," six snowed a 
depressed tagh -Hm at a time when biceps pm was 
withr the normal range. After arterial reconscruction, 
pHm a all patiemts eventually normalized. Altheugh the 
studies of Couch et al were carried out with a larger glass 
pH prebe, which necessitated a small incision, and although 
the studies were done at the thigh level, which may be 
better perfused than distal tissue,‘ the diagnostic implica- 
tions ef pHm in AOD were exciting. 

Tc »bwiate these two technical limitations, one of us 
(T.F D.) ' develcoed a miniaturized pH probe that could 
be implanted p-rcutaneously onto the gastrecnemius 
musele. After inizial studies that showed that micro-pHm 
measurements were practical for the assessment of vascu- 
lar cisease, C'Do-nell et al’ observed that depressions in 
. pHm eorrelated vith conventional clinical estimates of the 
degre= of ischem a. Although the studies were carried out 
with wo differer- groups of patients, they observed that 
the ^emoral AAV lactate concentration apparently 
increased as the clinical degree of ischemia worsened. In 
the se-ond group of patients, similar increases in enaerobic 
glycolysis were detected by pHm monitoring, again as an 
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AOD became more severe. Yet, none of these studies 
related metabolic changes to peripheral blood flow. 

Two recent animal studies showed that pHm or tissue 
pH varied directly with blood flow. Maloney and his 
associates* demonstrated that at rest, depression in pHm 
not only occurred at a lesser degree of arterial stenosis, but 
also was of greater magnitude than changes in flow or 
pressure. Moreover, changes in pHm were magnified by 
exercise. In another series of experiments, Gerwertz et al^" 
observed that as iliac artery flow and perfusion pressure 
decreased, tissue pH increased. Our studies examined the 
relationship between tissue perfusion and pH m in a clinical 
setting and used two common forms of noninvasive hemo- 
dynamic assessment. 

The pHm generally correlated with Doppler ankle pres- 
sure and pulse volume amplitude for the patients with 
AOD, taken as a whole. When each of the three patient 
groups was analyzed individually, this relationship was 
valid only for the rest pain group. The lack of correlation 
between pHm and noninvasive hemodynamic values for 
the gangrene group may be related to the small number of 
patients (N = 3) and the limitations of expressing severe 
ischemia hemodynamically (Doppler pressure or pulse 
volume amplitude near 0). At the other end of the hemody- 
namic spectrum in the claudicant group, there was a wide 
scatter of Doppler pressure and pulse volume amplitude 
(Fig 2 through 4). The pHm showed less variation for this 
group. Although two patients from the claudication group 
had lower DSAB ratios and pulse volume amplitudes than 
several of the patients with rest pain, their pHm values 
remained at the upper range of the rest pain group. 
Conversely, one claudicant had hemodynamic values that 
bordered on the upper range of rest pain group, but his 
pHm was comparable to the mean pHm for the rest pain 
group. 

Changes in pHm are due to enhanced anaerobie metabo- 
lism (inereased lactate production). Increased hydrogen 
production, a concomitant of enhanced lactate release, has 
been related to cellular hypoxia and to the subsequent 
block of pyruvate’s entry into the tricarboxylic acid cycle. 
The direct relationship between oxygen consumption and 
muscle blood flow may not always be linear." Whalen and 
associates”! observed that tissue oxygen levels may reach a 
plateau and remain at relatively high values despite low 
blood flow rates. This phenomenon may account for the 
discrepancy between hemodynamic values and pHm in the 
gangrene group. Another factor contributing to the vari- 
ability between pHm and hemodynamic values that was 
more apparent in the claudicant group, may be that the 
studies were carried out when the patients were at rest. 
The scatter of resting Doppler and pulse volume amplitude 
values shown by the claudicant group was less diverse after 
exercise. Hagenfeldt et al^ and Carlson and Pernow^ 
noted a similar overlap of metabolic values between normal 
controls and claudicants at rest. After exercise, claudicants 
showed a several-fold increase in the AAV lactate over 
controls. Exercise may have similar effects on pHm and 
eliminate the scatter of data. Although pHm values for our 
claudicants were lower than normal control values, the 
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overlap of pHm may be related to the selection of the 
patient population. All of our claudicants had been selected 
for surgery and, therefore, might be expected to have more 
severe symptoms. 

We have shown that pHm agrees with noninvasive 
measurements of flow and pressure. Noninvasive assess- 
ment of AOD has assumed an important role in the clinical 
management of patients with peripheral vascular disease. 
The purpose of Doppler pressure or pulse volume amplitude 
is not to replace the anatomic information obtained by 
angiography, but to provide functional data on the relative 
degree of ischemia.* Since this study has shown that pHm 
directly correlates with Doppler ankle pressure and 
segmental plethysmography amplitude, we would not 
recommend pHm monitoring in the routine assessment of 
the patient with AOD. Monitoring of pHm is more difficult 
to carry out and requires a small puncture wound or 
incision. Two instances where pHm theoretically may 
provide unique data not directly available from noninva- 
sive assessment are selection of the claudicant for surgery 
and intraoperative selection of a complementary femoro- 
popliteal procedure in a patient with combined segment 
disease. Our data is too limited to support the use of pHm 
in these two situations but does suggest this potential. For 
example, a patient who has the symptoms of claudication 
alone and borderline hemodynamic values may be a strong- 
er candidate for surgery if his pHm is depressed to the rest 
pain range (Fig 2 through 4). Alternatively, the failure of 
ankle pressure or pulse volume amplitude to improve 
immediately after an inflow procedure is not uncommon in 
the patient with combined aortoiliac and femoropopliteal 
segment disease.** Improvement of hemodynamics usually 
occurs gradually over a month in the patient with combined 
segment disease. After arterial reconstruction, pHm 
returned to normal control range in four of six patients 
with combined segment disease who were undergoing 
inflow procedures. By contrast, pulse volume amplitude 
and Doppler pressures failed to improve substantially until 
18 to 24 hours after surgery, in all six of the patients. The 
two patients who failed to achieve "normal" pHm values 
advanced their pHm to the claudication range, at a time 
when their pulse volume amplitude values remained 
depressed. No subsequent complementary arterial proce- 
dures were required in any of the six patients. The failure 
of pHm to improve substantially from the rest pain range 
may indicate the need for a complementary revasculariza- 
tion of the femoropopliteal segment at the time of the 
inflow procedure in two of our six patients with combined 
segment disease. 
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The pH probes used in this study were supplied by Microel»ctrodes Inc, 
Grenier Industrial Village, Londonerry, NH. 
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Remote Bypass Grafts for Managing | 


Infected Popliteal Artery Lesions 


Malcolm O. Perry, MD 


è Infected ‘aise aneurysms of the popliteal artery may compli- 
cate vascular repairs for trauma or primary arterial disease. 
Adequate debridement and drainage are necessary if the limb is 
to be salvaged but direct arterial grafting through the infected 
area cannot be performed safely. Vascular reconstructien can be 
accomplished 5y performing a femoropopliteal or iliopopliteal 
bypass through a lateral approach, then the infected artery can 
be removed safely through separate incisions. This technique 
was used successfully in managing four patients with infected 
popliteal artery psesdoaneurysms. 

(Arch Surg 114:605-607, 1979) 


T! he medial approach to the popliteal artery is cemmonly 
used in elective and emergency vascular procedures. It 
afforcs adequate exposure and does not restrict the simul- 
tanecus management of other lesions in the aortcfemoral 
system. In seme patients, the technique may not be 
applieable because of sepsis; in others, trauma may destroy 
large amounts of soft tissue and thus preclude adequate 
cover of vaseular grafts placed in the usual positions. 

In these dfficuit cases, alternate routes for bypass 


graftng must be selected. When sepsis is confined to the | 


aorto-liac vessels, exillofemoral and femorofemorel subcu- 
tanecus grafts hawe proved to be very useful.'? S milarly, 
grafts passed via the obturator foramen may be used when 
the zrom is infected.* When widespread infection 
involves the tissues of the thigh and popliteal arez, subcu- 
tanecus arterial grafts can be inserted between the exter- 
nal iiae or common femoral arteries and the popliteal- 
tibial system zhrough a lateral approach.* This technique 


was used successfully in the four patients described in this | 


report. 


METHODS 
Operative Procedure 


The patient is plased in the supine position and the abdomen 
and beth legs are prepared and draped for surgery. The common 
femoral or external iliac artery is isolated through z vertical 
incision. The popliteal-tibial system is exposed by resection of 8 to 
10 cm of the fibula, leaving the head articulated.* The con-ralateral 
sapheaous vein is removed, cooled, and gently irrigated with a 
buffered heparin-saline solution. It is reversed, sewed end to side 
to the femoral artery, passed through a lateral subcutaneous 
tunne te the leg, ané anastomosed to the popliteal or tib al artery 
(Fig B. The popliteal artery is then ligated and divided proximal 
to the anastomosis, and distal flow is established through the 
bypass graft. The incisions are closed and covered with plastic 
sheets and draped eut of the surgical field. The infected false 
aneurysm is removed, debridement is completed, and th» wounds 
are let open to heal secondarily. 
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REPORT OF CASES 


Case 1.—A 56-year-old man was shot in the leg with a small- 
caliber firearm from close range. The bullet passed through the 
distal thigh, and, although there was considerable soft-tissue 
damage, a vascular wound was not suspected. The entrance and 
exit wounds were debrided and antibioties were administered for 
five days. 

A chronic draining sinus developed from the distal wound of 
exit, but the patient did not return for follow-up. When next seen, 
three months after the injury, he was admitted to the hospital 
with purulent drainage from a sinus tract in the medial thigh 
proximal to the femoral condyle. He had a normal posterior tibial 
pulse at the ankle but no dorsalis pedis pulse. A tender pulsatile 
mass was felt in the medial distal third of the thigh. 

Staphylococcus aureus grew from culture, and an arteriogram 
disclosed a false aneurysm of the superficial femoral artery, 
obstruction of the proximal popliteal artery, and a second smaller 
popliteal false aneurysm (Fig 2, left). The patient was started on 
specific antibiotie therapy, and a lateral femoropopliteal bypass 
was performed. The infected false aneurysms were then 
approached through a separate medial incision and removed. The 
infected tissue was debrided widely and the incision left open. The 
posterior tibial artery pulse remained strong, and the wounds 
healed satisfactorily. 

CaskE 2.—A 36-year-old man was stabbed several times in the 
thigh. He did not seek medical attention immediately, and when 
he was first seen two weeks after the injury, he had a large 
pulsatile mass involving the popliteal fossa and posterior thigh. He 
had several knife wounds of the thigh from which pus was 
draining, and Gram-positive cocci were seen on smear of the 
material. Distal pedal pulses were present, weaker than in the 
opposite feot, but no ischemia was present. A femoral arteriogram 
showed a false aneurysm of the femoral and popliteal arteries (Fig 
2, right). 

Because of the infected wounds, the lateral approach to the 
popliteal artery was selected. A reversed saphenous vein graft 
taken from the opposite leg was inserted from the common 
femoral artery, via a lateral subcutaneous tunnel, to the distal 
popliteal artery. These incisions were closed and covered and the 
infected false aneurysm removed through a separate medial 
incision. The wounds were debrided, left open, and allowed to heal 
secondarily. 

Case 3.—A 21-year-old woman sustained a close-range shotgun 
wound that eaused extensive soft-tissue damage, fractured the 
femur, and injured the femoropopliteal artery junction. The artery 
was repaired with an interposition saphenous vein graft, the bone 
was secured with a plate, and the wound was debrided. Infection 
was obvious the first week after the injury, and subsequently, the 
patient bled suddenly from the open wound. Bleeding was 
controlled with pressure, and an arteriogram showed a false 
aneurysm of the vein graft (Fig 3). Because of massive soft-tissue 
loss and sepsis, the lateral route for a remote arterial bypass was 
chosen. A reversed saphenous vein obtained from the opposite leg 
was anastomosed to the side of the distal external iliac artery and 
passed through a lateral subcutaneous tunnel to the lower leg. The 
popliteal artery was exposed by resection of the neck of the fibula, 
transected, tied proximally, and the distal end sewed end to end to 


Bypass Grafts—Perry — 605 


' acd 


a ater 


140 


"a T e Mir SS 


Fig 1.—Remote bypass graft is inserted between external iliac and posterior tibial arteries via 
lateral subcutaneous tunnel (see text for description of procedure). 





Fig 2.—Left, Case 1; right, case 2. Arrows point to 
infected false aneurysm of proximal popliteal 
artery. 





Fig 3.—Arrow points to infected pseudoan- 
eurysm in saphenous vein graft (case 3). 


Fig 4.—Arrow points to extravasation of 
contrast medium coming from disruption 
of graft-artery anastomosis (cese 4). Tiny 
black arrows point to reversal of blood 
flow extending cephalad ir  popliteal 
artery. 
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‘the wein gra?^t The incisions were closed and covered and the 
infeczed vein graft removed through the open medial wound. 

The bypass graft functioned satisfactorily although the medial 
wound was miectel. The patient was returned to surgery on 
several occasions fom drain? ~e and debridement over the following 
year. The remote bypass .emained patent through these complica- 
tions and was open two years later when the wounds finally 
healed. 

Case 4—A 45-year-old man underwent femoropopliteal vein 
bypass graft fcr clzudication, but the graft clotted and could not 
be gpened. An espanded polytetrafluoroethylene graft was 
inserzed between -ne common femoral and popliteal arteries, 
although secorcing to the patient's history, a small dreiging sinus 
tract was present iz the groin. 

The graft remaimed patent, but the patient became septic, 
drainage ncreased rom the groin wound, and the medial popliteal 
incision oened and drained. When the sepsis became severe, and 
the feot become pregangrenous, he was transferred to New York 
Hosp tal, New York 

On admission, hs temperature was 39 °C, and there were 
purulent, dra n ng wounds over the proximal femoral and midpop- 
liteal vessels. An arteriogram showed a false aneurysm of the 
distal gratt-artery anastomosis (Fig 4). 

The medial apprcach was unsuitable, and no vein grafts were 
availeble. Through lateral incisions, the external iliac and popliteal 
arteries were exposed and a 6-mm polytetrafluoroethylene graft 
was iaser-ed. The dstal graft end was anastomosed end to side to 
the pestersor tibial artery, and the popliteal artery was ligated just 
proximal to tae origin of the anterior tibial. Initially, there was 
poor low through the anterior tibial artery, and thrombectomy 
with a belloon cateter was performed through a transverse 
incisien in the graft. The incisions were closed, they were draped 
out of the field, and the infected prosthesis was removed through 
the open, medial wcunds. 

Disa! E:ooc flow was satisfactory and the posterior tibial pulse 
and pressure were sormal, but the dorsalis pedis pulse was not 
restomec. The sever? ischemia persisted, however, and the foot 
remamed anesthetic and paretic. Distal extension of the infection 
finally recuired amputation for control of sepsis. The graft was 
patent at -ha- time, three weeks postoperatively. 


COMMENT 


Infected fabe aseurysms after arterial injuries or vascu- 
lar recorstructiors are extremely serious complications. 
Such lesions are unlikely to heal and often progress 
inexcrabiy, eausimg loss of limb or life.’ Spontaneous cure 
of urinfected fale» aneurysms has been reported to occur 
in perhaps 6% of cases, usually by thrombosis. Such a 
sudden event in tke popliteal artery is very likely to cause 
severe distal isehemia culminating in amputation, and 
repair of these lesions is almost always required. Direct 
surgical techniques are effective in most situations and 
vaserlar continuity can be reestablished with venous or 
artera! zra^ts, o` if autografts are unavailable, plastic 
prostheses.’ -> 

WEen the false aneurysm is infected, and especially if 
the surreunding -issue is involved, direct exposure and 
repair are nət sui-able. Most infections involving vascular 
repairs -av2 a poor prognosis, and if prostheses are 
present, they usually must be removed.**'^ In some loca- 
tions direct arte-ial ligation may be tolerated without 
causing severe discal ischemia, but this is rarely possible in 
the popleal! system. In addition, if all of the infected 
vessel is not remeved and the remainder is covered with 
clean. viable, soft tissue, the ligated arterial stumps are 
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vulnerable and can bleed la REP iD eli Rai 


When plastic grafts are RAT in the teeter. they | 


usually must be removed if healing is to be complete.‘ In 
some cases, only when the midportion of the graft is 
involved and the suture lines are clear will healing occur.’ 


This is common, however, and although the infection may - 


appear controlled, it can reappear later.’ 

It is very difficult to ascertain the extent of the infection 
without surgical exploration of the graft, but when the 
popliteal artery is involved, there is limited surgical access 
to the distal vessels, and contamination of these alternate 
routes may preclude successful repair. If remote bypasses 
are needed, it is preferable to insert these through clean 
tissue planes and establish good distal blood flow before 
approaching the infected vessel. These separate incisions 
can be closed and protected during the second part of the 
procedure. Also, control of bleeding is simplified if the 
remote bypass is already in place. The false aneurysm can 
be exposed and rapidly removed without concern for distal 
embolization or thrombosis. Adequate debridement and 
wide drainage are easier to accomplish, and cover for the 
vascular graft can be better arranged when this sequence 
is followed. 

Subsequent infection of the secondary, remote bypass 
graft is uncommon if it is placed in clean tissue planes. 
This may be difficult to achieve in the popliteal-tibial area, 
especially when the injury is due to massive trauma to the 
thigh and knee, but usually there is sufficient room for a 
lateral subcutaneous tunnel. Specific antibiotics are admin- 
istered before graft insertion, although the data support- 
ing this practice are not conclusive.** Most investigators 
agree, however, that if prophylactic antibiotics are to be 
effective, it is desirable to induce significant blood levels of 
the antibiotic before surgery.*'^ It is apparent that metic- 
ulous surgical techniques are needed and that adequate 
debridement and drainage of the infected wounds are 
essential if secondary infections are to be avoided. 

Once infection is eradicated, it may be feasible to replace 
the lateral subcutaneous graft with one positioned in a less 
exposed and more vulnerable position. This was not neces- 
sary in the patients described in this report, and the grafts 
functioned satisfactorily. The experience with other subcu- 
taneous grafts suggests that in most situations these 


laterally placed grafts should remain open for long peri- 


ods. 
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Restenosis or Occlusion After 


Carotid Endarterectomy 


A Survey With Ocular Pneumoplethysmography 


Jeffrey E. Kremen, MD; William Gee, MD; Harry A. Kaupp, MD; Kenneth M. McDonald, MD 


e One hundred seventy-three carotid endarterectomies in 141 
patients operated on during a 12-year period were surveyed both 
clinically and by ocular pneumoplethysmography (OPG)-Gee. 
Seventeen (1296) patients had positive OPG examinations. Three 
arteries (1.796) demonstrated symptomatic recurrent stenosis in 
accord with earlier reports. An additional 8.1% of the operated 
arteries had asymptomatic recurrent stenosis. A total recurrence 
. rate of 9.8% was found. Because of the considerable silent 
recurrence rate we have found, we recommend annual screening 
by OPG. Angiography and repeated endarterectomy are then 
used when appropriate. 

(Arch Surg 114:608-610, 1979) 


arotid endarterectomy is routinely performed for the 
management of carotid stenosis and ulceration. 
Other investigators have judged the acute and long-term 
results of this procedure by clinical evaluation, and, in 
symptomatic patients, by angiography. However, no 
reports have been published that address the questions of 
the true rate of recurrent stenosis after endarterectomy. 
The true rate of recurrent stenosis would include both 
symptomatic and asymptomatic patients. 

The perfection of the ocular pneumoplethysmograph 
(OPG) has made it practically possible to determine, by 
screening, the fate of the carotid artery undergoing endar- 
terectomy. This report will define the incidence of resteno- 
sis in a series of patients operated on during a 12-year 
period and suggests a plan for managing patients with 
recurrent asymptomatic stenosis. 


METHODS 


The records of all patients who underwent carotid endarterec- 
tomy between 1966 and 1978 were examined. Those patients 
available for reevaluation underwent clinical examination and 
OPG-Gee study. Those patients whose OPG indicated pressure- 
significant stenosis on their operated side underwent carotid 
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compression. Those who showed collateral filling at greater than 
60 mm Hg will be followed at yearly intervals. The patients with 
positive OPGs who collaterally filled at 60 mm Hg oz less and 
symptomatic patients underwent arteriography. The patients in 
whom an operable lesion was found underwent repeated endarter- 
ectomy. 


RESULTS 


In 221 patients, 267 endarterectomies were done during 
the period 1966 to 1978. Of these patients, 141 underwent 
examination and follow-up OPG. Of these 141 patients, 32 
had undergone bilateral procedure for a totzl of 178 
endarterectomies available for study. This represented a 
follow-up rate for endarterectomy of 64.7%. The Table 
gives the distribution of examined arteries according to 
number cf months from surgery. The arteries are distrib- 
uted according to whether results of the OPG wer? positive 
or negative. Seventeen patients, or 12% of the patients 
studied, demonstrated positive OPG examinatioas on the 
previously operated side. Of the 14 asymptomatic patients, 
five were occluded by OPG and physical examination, four 
were compression negative, four were compression posi- 
tive, and one was undetermined. Three patients had recur- 
rent symptoms. 

Three of the 17 patients became symptomatic with their 
recurrent stenosis. Each had contralateral occlusion 
demonstrated by previous angiography. In two patients, 
after angiography demonstrated restenosis of the oper- 
ated side, repeated endarterectomy with patch argioplasty 
was done. The third patient, a 60-year-old man, who had 
already undergone repeated endarterectomy two years 
previously, presented the perplexing problem of re-recur- 
rent stenosis on angiography. During the same admission, 
the patient underwent gastroscopy to evaluate a duodenal 
ulcer. After premedication, hypotension developed and the 
patient evolved a dense stroke involving the hemisphere 
supplied by the re-recurrent carotid artery stenosis. 
Repeated OPG documented the progression to occlusion of 
the vessel with stenosis. 

Of the remaining 14 stenoses that were de-ected by 
repeated OPG, five patients had no palpable carotid pulse 
on the appropriate side on physical examination. Also, the 
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ipsilateral temporal pulse was reduced or absent. There- 
fore, complete common carotid occlusion was presumed in 
each ease ard amgiography was not done. Eigh: patients 
underwent earotid compression. Four showed collateral 
filling in exeess of 60 mm Hg. It was decided to follow 
these patients for development of contralateral stenosis 
since collateral was adequate to support the hemisphere on 
the side cf the carotid stenosis. Four of the eigh: patients 
collaterally filled at less than 60 mm Hg. Since collateral 
was not sufficiemt to support the appropriate hemisphere 
in the event of oeclusion, angiography was done with plan 
of doing repeated endarterectomy if an operable lesion was 
found. Angicgra»hy in three patients demonstrated a tight 
stenosis, and two underwent repeated endarterectomy 
with patch angioplasty. A basilar stroke developed imme- 
diately in one of the patients after his angiogram. He had 
had vague symotoms of vertebrobasilar insufficiency 
before study There was no known technical problem with 
the study and his blood pressure was normal throughout 
the proeedure. His angiogram showed severe carotid 
siphon stenosis on the previously operated side and paten- 
cy at the carotid endarterectomy site. The patient would 
have been a camdidate for an extracranial-intracranial 
bypass. The fourth patient whose compression was positive 
was found tc have bilateral internal carotid occ usion by 
angiography, and she remains asymptomatic. One patient 
underwent neither carotid compression nor angiography. 
Follow-up remains incomplete in this patient. Thus, of 173 
operated arteries in which 17 recurrent stenoses were 
found, four underwent operation for a reoperation rate of 
2.3%. : 


COMMENT 


The long-term results of arterial reconstructicn are of 
great interest to tne surgeon. There are many articles that 
report long-term patency rates for reconstruction of the 
aortoiliac anc femoropopliteal segments. These reports 
infrequently base their conclusions on angiographic data. 
More commonly, documentation of patency is based on 
clinical assessment. In the carotid system, data concerning 
the permanence of carotid endarterectomy had been scarce 
because ef the reluctance to perform repeated angiography 
in asymptomatic patients. Knowledge of the incidence of 
recurrent stenosis is useful because it may influence 
indications for operation. The adequacy of surgical tech- 
nique can also be evaluated in terms of durability cf result. 
Finally, if thetrue rate of recurrent disease were known to 
be appreeiable, more scrupulous long-term screenirg would 
seem justified to detect recurrent lesions so that treatment 
might be offered when appropriate. 

In large part, the literature on recurrent carotid stenosis 
has dealt only wth recurrently symptomatic patients. 
Blaisdell and his co-workers' reported five-year angio- 
graphic follow-up ef 15 patients with a restenosis rate of 
138%. Edwards and his colleagues’ had found 7% of 43 
operated arteries had substantial angiographic reeurrence 
at five years. These patients were all symptomatic. An 
additional 13% of these 43 patients were asymptomatic and 
showed mild stenesis at five years. Schultz and his co- 
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workers? found 6% of 50 arteries operated on for carotid 
stenosis to have recurrent stenosis at one month to six 
years. Stoney and String" reported 1.5% of 1,654 patients to 
have symptomatic restenosis. Cosman and his co-investiga- 
tors’ reported a 24-month symptomatic recurrence rate of 
3.6%. 

It is important to emphasize that the data presented in 
this report are retrospective, except for the most recent 
year studies, during which both preoperative and serial 
postoperative OPG studies were obtained. Therefore, 113 
of the 173 carotid endarterectomies did not have preopera- 
tive or serial postoperative studies. All of this latter group 
were part of a mass survey conducted when the OPG-Gee 


Summary of 173 Arteries Surveyed by 
Ocular Pneumoplethysmography 


Years Postoperation 
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Algorithm of serial evaluation by ocular pneumoplethysmography 
(OPG) of patients who underwent carotid endarterectomy. 
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became available at this institution in 1976. Although only 


67.4% of the 267 carotid endarterectomies were evaluated, 
the vast majority of those lost to follow-up (by either death, 
moving to unknown address, or refusal) came from the 
group that was greater than five years postendarterecto- 
my, as can be seen in the Table. Without serial study of the 
group beyond one year postendarterectomy, a life table 
analysis demonstrating restenosis at a specific time post- 
operatively is impossible. However, the data in the Table in 
the first postoperative year column indicates a restenosis 
rate of only 3.8%. Restenosis developed in the immediate 
postoperative period in one of the two patients prior to 
hospital discharge in the 60 patients evaluated serially 
during one year. As part of the carotid endarterectomy 
protocol, the patient received an OPG study on the day 
prior to the day of planned discharge. The OPG indicated 
signifieant stenosis of the operated artery. Angiogram 
documented complete occlusion of the internal carotid 
artery. The patient was and remains completely asympto- 
matic with respect to this occlusion. 

Subsequent to this occurrence, the carotid endarterec- 
tomy protocol was altered to include an OPG study in the 
recovery room. The other patient with recurrent stenosis in 
this group of 60 endarterectomies had, preoperatively, a 
unilateral internal carotid occlusion and contralateral 
internal carotid stenosis. Six months after endarterectomy 
of the stenosed vessel, symptoms of vertebrobasilar insuf- 
ficiency developed. Although the postoperative OPG study 
had documented patency of the recently repaired vessel, 
the OPG study done at six months after operation when 
the patient again was symptomatic demonstrated signifi- 
cant stenosis of the operated internal carotid artery. This 
was one of the three patients who underwent reoperation 
for symptomatic recurrent stenosis. The importance of 
these observations is that, in this series, persistent stenosis 
or occlusion in the immediate postoperative period was 
only 1.6%. 

Several interesting observations can be made from 
looking at the patients in whom recurrence developed. Six 
of the 17 arteries not only developed stenoses but 
progressed to total occlusion. Ten of the 14 patients with 
asymptomatic recurrent stenosis had been symptomatic 
prior to endarterectomy. We must attribute their tolerance 
of restenosis or occlusion to adequacy of collateral flow and 
the elimination of embolic activity by the previous opera- 


tion. It seems probable that the number of patients in 
whom significant postoperative stenosis develops is larger 
than those who present with symptomatic recurrence. 
Follow-up of operated patients is readily available with the 
OPG. A high degree of accuracy in detecting a pressure- 
significant stenosis can be achieved with this method.* 
Therefore, application of this technique for serially survey- 
ing operated patients would seem worthwhile. Additional 
information can also be obtained on the contralateral 
carotid, which is also at high risk for development of 
disease. 

From the 173 arteries screened by the OPG-Gee, we 
found three or 1.7% of these arteries to have symptomatic 
recurrent stenosis. This agreed with the previously 
reported rate of symptomatic recurrence.*^ Of the arteries, 
8.1% had asymptomatic recurrence. Thus, we find a total or 
true recurrent stenosis rate of 9.8% of operated arteries. 
Based on this restenosis rate, we recommend follow-up 
immediately postoperatively and at yearly intervals of all 
patients who have undergone carotid endarterectomy. 
Clinical examination and OPG should be done. If the OPG 
results and clinical evaluation are negative, follew-up is 
continued. If the OPG result is positive, carotid compres- 
sion is done to determine hemispheric tolerance of occlu- 
sion. Using the criteria of adequate collateral as a cross- 
filling pressure of at least 60 mm Hg, one can estimate the 
risk of stroke were the stenotic vessel to occlude. * Those 
who, on compression cross fill at 60 mm Hg or greater, 
continue to be followed. If the cross-filling pressure is less 
than 60 mm Hg, angiography is performed and reconstruc- 
tion is done, if an operable lesion is found. All symptomatic 
patients also undergo angiography and reconstrvction, if 
possible. This flow plan for following the patient who has 
undergone carotid endarterectomy is shown in the Figure. 
Since repeated endarterectomy is difficult and not without 
hazard, this plan enables one to select those patien<s at risk 
of future stroke and follow the others. 

In conclusion, we have studied 173 arteries at zero to 144 
months after carotid endarterectomy. The 1% to 2% symp- 
tomatic recurrence rate previously reported is ecnfirmed. 
An additional 8.1% of the arteries were found to have 
occlusion or pressure significant stenosis in asymotomatic 
patients. We find a true recurrence rate of 9.8%. ^ method 
of following patients postcarotid endarterectomy is 
presented. 
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Coronary Bypass Surgery for 


Unstable Angina 


A Five-year Follow-up 


Donald E. Wysham, MD, Wayne R. Rogers, MD 


e Atoral cf 125 consecutive patients who were hospitalized for 
unstable angina underwent early coronary arteriography. One 
hundred o: them vere suitable for operation and were operated 
on promptiy. There were no early deaths. The patients who had 
surgery have been followed up to 87 months (mean, 5” months). 
Eighty-eight percent of the patients who had surgery returned to 
work. The actauaria: five-year survival rate of those patients was 
92%. At an-average of five years, conditions of 62% of those who 
survived surgery were classified as functional class L and 2396 
were class |. These data indicate that patients with unstable 
angina cam safely undergo early arteriography and operation 
with late results t&at appear to be superior to the results of 
medical management of similar patients. 

(Arch Surg 1114:611-613, 1979) 


T he management of unstable angina remains contro- 
versial Questions remain regarding the tming of 
coronary arteriography,' the use of an intra-aortie balloon 
pump, and espectally the role of coronary bypass surgery.’ 
Of particular interest is whether coronary bypass surgery 
can be shown te decrease mortality in patients with 
unstable angina.* 

The presert stady is a report of our experience with 
patients referred to a medical center because of unstable 
angina, all of whom underwent coronary arteriography. 
The ma brity of these patients also underwent coronary 
bypass sangery. An investigation was made of the effect of 
surgery cn the long-term course of their coronary 
disease. 


MATERIALS AND METHODS 


A total o^ 125 comsecutive patients with unstable angina were 
the subjeet of this study. Patients were included in the study who 
had corerary arterimgraphy for the evaluation of typical angina 
pectoris, whieh had begun to occur at rest, without provocation, 
during the previous month. Almost without exception, these 
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patients agreed to undergo coronary arteriography. 

Patients were not included who had chronic class IV angina 
(angina at rest) for longer than one month. Patients were excluded 
if there was ECG evidence of fresh transmural myocardial infare- 
tion or if the cardiac enzymes were markedly elevated, Two 
patients with previous coronary bypass surgery were excluded. 
Patients with unstable angina who were considered unsuitable for 
coronary arteriography because they were older than 70 years of 
age or they had intercurrent disease or congestive failure did not 
meet the criteria of the study and were excluded. Severity of 
clinical presentation ranged from hospitalization for transient 
angina oecurring at rest, with a normal ECG, to presentation with 
prolonged intermittent cardiac pain with major ST and T abnor- 
malities and modest elevation of cardiac enzymes. 

Coronary arteriography and left-heart catheterization were 
performed using the Judkins technique? by us or by our associates 
in eardiology, from July 1970 to March 1974. Coronary arteriog- 
raphy was performed on a semiemergent basis, within 36 hours of 
hospital admission, as soon as it was apparent from the clinical 
picture, ECG changes, and cardiac enzyme levels that the patient 
was not in the process of transmural infarction. Although an 
intra-aortie balloon pump was available during the latter part of 
the study, it was not considered necessary for any of the patients 
in this group. Cardiae catheterization was complicated by a 
vasovagal reaction followed by nonfatal myocardial infarction in 
an early case, after which atropine was administered before 
coronary arteriography. 

Twenty-five patients who had coronary arteriography with a 
clinical diagnosis of unstable angina were not considered candi- 
dates for coronary bypass surgery. The reasons for their exclusion 
were absence of coronary disease in five patients, minor coronary 
disease in five patients, and completed myocardial infarctions in 
two patients. Diffuse coronary disease that made grafting unsuit- 
able was present in 13 patients, three of whom also had severely 
impaired left ventricular function. 

Coronary bypass surgery was performed by surgical groups at 
Good Samaritan Hospital (82 cases), St Vincent Hospital (17 
cases), and the University of Oregon Medical Center, Porgland, 
Ore (one case) using saphenous vein grafts, internal mammary 
artery anastomoses, and, in 12 cases, free radial grafts, four of 
which required reoperation with vein grafts. 

All patients were followed by personal examinations or tele- 
phone calls to the patients, their physicians, or their families. 
Pertinent reports such as ECGs, treadmill tests, and autopsy 
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reports were reviewed. None of the patients was lost to follow-up. 
In analyzing survival, the life table method was used, as described 
by Cutler and Ederer.* 


RESULTS 


The 100 patients who had surgery ranged from 33 to 70 
years of age, with an average of 54 years. Eighty-four of 
the patients were men. Thirty-five patients had a history 
of hypertension and nine of diabetes mellitus. None was 
clinically in congestive heart failure. Noncritical valvular 
heart disease was present in three patients, while one had 
aortic valve stenosis. All of the patients who had surgery 


. had the recent onset (less than one month) of typical 


angina at rest. Sixty-two patients had a history of chronic 
angina (class I to III) and 34 had a history of old myocardial 
infarction. Eleven of the patients underwent coronary 
arteriography because of the occurrence of angina at rest 
within a month after a myocardial infarction. Eighty-one 
patients had either chronic angina or a previous myocardial 
infarction, or both. The ECGs on admission were abnormal 
in 87% of the patients, with abnormal Q waves in 25, ST 
abnormalities in 47, T abnormalities in 79, and rhythm 
disturbances in seven. 

Thirteen patients had normal ECGs on admission to the 
hospital that remained normal until the time of arteriog- 
raphy. The severity of coronary disease in these patients 
was similar to that of those with abnormal ECGs. Of these 
13 patients, critical coronary artery narrowing (= 70%) of 
two arteries was present in seven patients and three-vessel 
disease was present in four. Two patients had single-vessel 
obstruetion. Ten of the 13 patients had segmental abnor- 
malities of left ventrieular function, including the two 
patients with single-vessel disease. Thus, it was apparent 
that a normal resting ECG was not a good predictor of the 
severity of coronary disease. 

The major coronary artery abnormalities and abnormal- 
ities of left ventricular function were as follows: Six of the 
patients had critical (= 70%) stenosis of the luminal diam- 
teter of the left main coronary artery. Seventy-one 
patients had left anterior descending stenosis (= 70%), 34 
had circumflex stenosis, and 69 had right arterial stenosis 
(2709). Two or more coronary arteries were = 70% 
stenotic in 61 patients. Thirty-eight patients had = 70% 
stenosis of one major coronary artery. One patient had 65% 
anterior descending artery stenosis. The average number 
of arteries with => 70% stenosis was 2.1 per patient. 
Seventy-nine of the patients had impaired left ventricular 
contractility; 44 had left ventricular dilation. Left ventric- 
ular end diastolic pressure was abnormally high (> 14 mm 
Hg) in 37 patients. Only 15 patients had normal left 
ventricular function. 

Coronary bypass surgery was performed in 99 cases 
(Table). In the case of one patient with a eritical anterior 
descending artery stenosis, the vessel could not be found at 
surgery and no graft was performed. This resulted in one 
of the four major intraoperative myocardial infarctions. 
Saphenous vein grafts were used in most patients, either 
as single vein grafts or as multiple-sequential vein grafts. 
In 34 instances, the left internal mammary artery was 
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Data on Coronary Bypass Operations in 99 Patients 









Bypass Operations? 
ee ee 
Single Multiple 
No. of patients 37 62 


Locations Saphenous vein Left mammary; radial 
artery 


No. of grafts (1.8 


per patient) 130 34, 14 





*Endarterectomy (right coronary) was performed in three patients; 
resection/plication of aneurysm of left ventricle, four patients; and valve 
repair (aortic), one patient. The interval from arteriogram was = 24 hours 
for 55 patients. Regrafting was done in 13 patients. 


100 p=~~~___ Normals 
RP va ee fe 
Bypossed ——*— bi 
90 = a: EET. 
(SE =.032) 
80 | 
TO 
60 
50 


ae. 3 4 5 
Years 


Life table comparison of survival of 100 patients who had 
bypasses and normal persons of the same age (53.5 years). 


% Alive 


o 
~ 


anastomosed to a coronary artery, usually the anterior 
descending artery. In 12 patients, radial artery grafts were 
used. Each of two of these patients had radial graf-s to two 
coronary arteries. Radial artery grafts are no longer used 
for our patients. Also, in patients whose conditions are 
critical, the use of a saphenous vein graft may be prefera- 
ble to the internal mammary shunt. Not only is tke use of 
the internal mammary artery more time-consuming, but 
flows threugh these arteries are initially below those 
through vein grafts. 

In three patients, right coronary endarterectcmy was 
performed in addition to grafting of this vessel. Four 
patients had aneurysms of the anterior wall of the left 
ventricle. [In two cases, the aneurysm was resected, and in 
two cases the aneurysm was plicated. 

Complications of bypass surgery were as follows: Four 
patients had transmural myocardial infarction, with new Q 
waves in the ECG and elevated cardiac enzyme lev2ls. Nine 
patients had postoperative cardiae enzyme elevations 
consistent with partial-thickness infarction but nc electro- 
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carGiegraphie aonormalities diagnostic of irfarction. 
Thee were np early deaths in the series. Five patents had 
congestive heart failure, and two patients had -ransient 
Stroxes. Transient rhythm disturbances occurred in 22 
patients. 

Ir the early postoperative period, the ma,ority of 
patients were free of angina and 88% of the patients 
returned to work. The surviving patients heve been 
followed from 41 to 87 months, an average of five years. 
Six of the patients who had surgery have subsequently 
died. Five cf the late postoperative deaths were cf cardiac 
origin. The actuarial five-year survival rate of the 100 
patients who hac surgery was 92%. This is shown in the 
Figure, anc surveval rates of those patients are compared 
with the precicted survival rates of normal Oregenians of 
the same age (wr-tten communication, January 1978, John 
F. Hook, MS, Standard Insurance Co. of Portland, Ore). At 
the last fellow-up of those who survived surzery, 63 
patients were free of angina; the conditions of 62 patients 
were classified as functional class I, 23 were class II, and 
nine were class ITI. 

In the present series, 21 of the patients who hac surgery 
had the late recurrence of class III-IV angina. Th rteen of 
them required repeated coronary bypass surgery. We 
believe that this rate of reoperation is inordinately high 
and relate it to the fact that the techniques. of this 
operation were uadergoing development when this study 
was undertaken in 1970. For example, among the 12 
patients who had radial artery grafts, 33% required reoper- 
atior. Currently, this rate of late reoperation is abeut 5% at 
Good Samaritan Hospital. 


COMMENT 


It ss generally greed that coronary bypass surgery will 
usually relieve anginal pain." There is evidence -hat this 
operation can improve life expectancy in instable 
angina,“ but this remains controversial.‘ Two centrolled 
prospective studies have failed to show that surgery 
improves survival for patients with unstable angina 
followed for four’ and 24 months, respectivelr. These 
studios may be criticized for the short follow-up of the first 
and the relatively high mortality from surgery (5S) in the 
second, which is the national randomized study of surgical 
vs medical therapy for unstable angina. In this randomized 
study, elass IH-IV angina occurred some time during late 
follow-up in 45% of the medical and 15% of the surgical 
group (P < .05). Unacceptable angina led to late c-ossover 
to surgery in 33% of the 147 medical patients. 

In comparing tne results of the present series to the 
resul*s of the matienal randomized trial, the patien-s in the 
present series seem to have been at greater risk, since 6% 
had majer left main coronary artery stenosE. Such 
patients were excladed from the national randomized trial. 
Nevertheless, ameng medically treated patients in the 
national trial, the two-year mortality was 9%, whereas the 
two-year mortality in the present series was 3%. At two 
years, in the natienal randomized trial, 45% of medically 
treated patients had class III-IV angina. In the present 
study, at nearly five years, class III-IV angma had 
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occurred in 21% of patients. Of these, 13 patients had 


repeated coronary bypass surgery, with improvement in 12- t M 


of them. In the present series, at nearly five years, class III 
angina persisted in 9% of the surgical group, and no 
patients had class IV angina at the last follow-up. 

Several centers report that, currently, their surgical 
mortality for patients with unstable angina is approaching 
1%, with late results similar to those reported in the 
present study.*:'* For hospitals with such low mortality, it 
is difficult to justify randomization into a medical group 
where higher mortality and morbidity may be antici- 
pated. ; 

The present report demonstrates that coronary arteriog- 
raphy can be performed safely within 24 to 48 hours of 
hospital admission in patients with unstable angina. The 
use of an intra-aortic balloon pump is seldom required 
during arteriography. Early. arteriography permits the 
cardiologist and cardiac surgeon to accurately evaluate the 
conditions of patients and make an early decision for 
surgical or medical therapy. Surgical therapy is preferred 
in patients who have tight proximal stenoses of major 
coronary arteries and in patients in whom the ventricular 
muscle supplied by these arteries seems to be adequately 
preserved. In such patients, coronary bypass surgery can 
be perfermed promptly with low, early mortality. The 
long-term result is one of rapid rehabilitation to normal 
activity and employment, marked reduction in angina, and 
apparently a lower mortality than by medical management 
alone. 
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Mechanism of Obstruction of 


Closed-wound Suction Tubing 


Leo R. Zacharski, MD; Jeffery Colt; Michael B. Mayor, MD; John W. Strohbehn, PhD; Stanley A. Brown, DE 


e The mechanism of obstruction of closed-wound drainage 
tubing was investigated by means of coagulation tests performed 
on wound drainage fluid and by examination of the contents of 
the tubes after their removal. Although' clotting is commonly 
thought to be responsible for the obstruction, the wound drain- 
age fluid was found to be essentially incoagulable and little fibrin 
was evident within the tubes. By contrast, bits of tissue were 
frequently found within the tubes, and these frequently virtually 
occluded the lumen. This observation, that tissue fragments are 
responsible for tube obstruction, permits a rational approach to 
the solution of this problem. For example, meticulous wound 
flushing and irrigation, or perhaps tubing of different design, 
might lead to a reduced incidence of tube failure. 

(Arch Surg 114:614-615, 1979) 


hrombus formation within or surrounding closed- 

wound drainage tubes is commonly held to provide the 
mechanism by which such tubes become obstructed. Since a 
literature search failed to reveal confirmatory informa- 
tion, studies were undertaken in an attempt to substan- 
tiate or refute this belief. 


MATERIALS AND METHODS 


Samples of wound drainage fluid were obtained from 21 
patients on whom closed-wound suction devices were used after an 
orthopedie or plastic surgical procedure. Seven of the wound 
drainage systems were products of one manufacturer and 14 were 
products of another. After removal from the wound, the drainage 
tubes were subjected to gross inspection and tested for patency by 
attempts to force air through the end of the tube, which was 
external to the patient. Tubes were then cut into short segments, 
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fixed in 10% formaldehyde, and then embedded in parzffin. Both 
longitudinal and transverse sections were mounted on microscope 
slides and stained with hematoxylin-eosin and phospt otungstic 
acid-hematoxylin. All procedures are used routinely in the histopa- 
thology laboratory of the Mary Hitchcock Memorial Hospital, 
Hanover, NH. 

The drainage fluid was subjected to gross inspeetion and 
hematocrit level determination. Cells and particulate debris were 
removed by centrifugation at 1,800 rpm for 20 minutes. The 
supernatant was removed and stored at —20 °C before further 
analysis. When thawed, this material usually contained a floccu- 
lent precipitate. Since clottable protein could be present in this 
precipitate, an aliquot of each patient’s fluid was incubated at 37 
°C for one hour to enhance dissolution of any soluble material. 
Thrombin clottable protein was determined by the method of Ellis 
and Stransky' on this prewarmed sample as well as on a separate 
aliquot that had been subjected to centrifugation at 1,600 g for 30 
minutes without prior incubation. The supernatant from the 
centrifuged specimen was also used for quantitative cetermina- 
tion of prothrombin? and fibrin degradation products (*DP).*" 


Fig 1.—Blood vessel within adipose tissue (transvers2 section) 
that was observed to occlude lumen of wound drainage tube 
(original magnification x 250). 





$e 





Fig £.—Structureleszs mass of necrotic tissue (transverse section) 
that was observec to occlude lumen of wound drairage tube. 
Tissme has shrunk away from tube wall, which is no: visible in 
photograph (crigirz! magnification x 250). 


RESULTS 


Hematocrit values obtained from drainage flvid varied 
widely and ranged from 2% to 36%. The folleving test 
resu ts were obtained on the fluid after removal of cells 
and debris by ce-trifugation. The mean concentration of 
clottable protein svas 11 mg/dL on the samples of fluid 
incubated at 37 °T for one hour and 13 mg/dL or samples 
subjected to cent 3fugation (no difference). The cencentra- 
tion of fibrineger in normal plasma by the methcd used is 
160 -o 360 rag/GL? The mean prothrombin level was 2.8%. 
In only twc patients were substantial prothrombin levels 
observed (14.1% and 17.5%). However, even these were 
subszantially lower than normal plasma conceatrations 
(50% to 150%). Lels of FDP were markedly eleveted in all 
cases. Although rormal plasma concentrations of FDPs do 
not 2xceed 1) mz/mL, the lowest value observed on the 
drainage fluid samples was 80 ug/mL. 

Although malf_nction of the drainage system was not 
clinizally evident n any of the patients before removal of 
the érainage tube only one of the 21 tubes was found to be 
free of any plug. The degree of plugging varied consider- 
ably Some were occluded throughout their enti-e length 
whereas others sowed segmental plugging. 

Red blood cells were conspicuously present within the 
tubes. That these were not contained within clots, however, 
was evident by tk2 fact that they could be poured from the 
tubes. Furthermere, the solid tube contents were not 
adherent to the tbe walls and could be removed oy gentle 
pressure. These c-nsisted of chunks of pale tissue, some of 
which completely occluded the passage. 

Histolegic examination of the contents of the tubes 
diselbsed ar appraviable scarcity of fibrin (phosphotungstic 
acid hematoxylin-positive material) In accordance with 
the gross observations, chunks of necrotic tissue were 
frequently seen and sometimes identifiable as muscle, 
adipose tissue, or dlood vessels. Findings are shown in Fig 
1 threugh 3. No differences were observed in any of the 
tests when results were compared between maaufactur- 
ers. 
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Fig 3.—Skeletal muscle fragment (tube section longitudinally) 


surrounded by inflammatory cell infiltrates (original magnification 
x 250). 


COMMENT 


The value of wound drainage and the advantage of 
closed over open systems of drainage are widely appre- 
ciated. This subject has been reviewed recently by Alexan- 
der et al. It is, therefore, disconcerting when drainage 
ceases prematurely because of obstruction of the drainage 
tube. The solution to this problem obviously rests with the 
cause of the obstruction. This study was undertaken 
because of the widely held belief that elements of the blood 
coagulation mechanism contribute to tube occlusion. 
Wound drainage fluid was found to be virtually incoagula- 
ble and to have high FDP levels (that presumably reflect 
increased fibrinolytic activity). Fibrin thrombi were not 
present within the tubes. The observation that tissue 
fragments (present in abundance in wound drainage fluid) 
are responsible for this obstruction permits a rational 
approach to the solution of this problem. For example, 
meticulous wound flushing or perhaps tubing of different 
design might lead to a reduced incidence of tube failure. 


Leo Dauphinais assisted in processing samples of wound drainage fluid 
and Sandra Rousseau, Lynn Parker, and Jane Kerr performed tests of 
coagulation. 
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Experimental Surgery 


Hepatic Blood Flow and Metabolism 


A. Carl MacDonald, MD, FRCS(C); Allan E. Marble, PhD, PEng; James G. Perkins, RRT 


e The relationship between liver blood flow and hepatic 
metabolism remains unclear. An animal model as well as a 
methodology that permits simultaneous assessment of both of 
these functions are proposed. Several fractions of inspired 
oxygen were used to produce arterial oxygen levels commonly 
seen in clinical practice; these ranged from hyperoxemia to 
established hypoxemia. Over this range there were no consider- 
able changes in transhepatic blood flow, but there were consid- 
erable changes in hepatic metabolism as shown by measure- 
ments of the hepatic parenchymal pH, transhepatic oxygen 
consumption, and lactic acid use. Of these, the parenchymal pH 
seems to be the most sensitive indicator of metabolic events. 

(Arch Surg 114:616-622, 1979) 


ecause of its complexity, transhepatic blood flow is 
diffieult to study and the nature of the various 
agents that are believed to affect it remains uncertain. 
Moreover, the conditions under which a change of flow 
affects transhepatic metabolism and the extent of its 
effects have not been defined. 
Using an animal model similar to that described by 
Goldstein et al, we studied transhepatic blood flow under 
arterial oxygen tensions and arterial oxygen saturations 
commonly seen in clinical practice. To produce these levels 
of arterial oxygen, a fraction of inspired oxygen (F,O.) of 
0.21 (room air) was administered to produce normal arteri- 
al oxygen, and an F,O, of 1.0 was administered to produce 
hyperoxemia. Early hypoxemia was produced by adminis- 
tering an F,O, of 0.13, and established hypoxemia was 
obtained by administering an F,O, of 0.10. In addition to 
blood flow, we simultaneously studied three important 
aspects of transhepatic metabolism: lactic acid use, oxygen 
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consumption per gram of wet liver, and hepatic parenchy- 
mal pH. i 

We believe that this model can be extended to elucidate 
the metabolic effects on the liver of various agents, 
particularly those that are reputed to increase blood flow 
and are now used clinically in the treatment of patients 
with liver trauma. 


MATERIALS AND METHOD 


Seven lean, healthy, mongrel dogs, each weighing 23 to 30 kg, 
were fasted for 12 to 16 hours and prepared as follows. tach dog 
received a mixture of droperidol and fentanyl citrate (_nnovar), 
1 mL/8 kg body weight, and atropine sulfate, 0.4 mg-kg body 
weight, as preanesthetic agents. One-half hour later general 
anesthesia was introduced and was maintained by an intravenous- 
ly induced solution of 2.5% thiopental sodium (Sodium Pentothal). 
An appropriately sized (usually 9 mm), cuffed endotracheal tube 
was positioned in the trachea under direct vision and the cuff was 
inflated to prevent air leaks. When necessary, ventilation was 
supported by a self-inflating bag, while a balloon-flotation cathe- 
ter was fluoroscopically positioned in the pulmonary artery via the 
jugular vein (Fig 1, top). Thereafter, ventilation was provided by a 
ventilator. Tidal volume was calculated on the basis of 15 mL/kg 
body weight and the dog was ventilated at the rate of 12 breaths 
per minute. When necessary, muscle relaxants were used to 
prevent the animal from overriding these adjustments. 

The abdomen was opened along the midline and the viscera were 
packed to the left. The common hepatic artery was easily identi- 
fied posteriorly (Fig 1, bottom). The investing nerves and the 
peritoneal tissue were gently pushed away from the artery for a 
short distance proximal to the point where it curves sharply in its 
course. It is tempting to place the flow probe on the curve of the 
artery, but this may cause falsely high flow readings.* Tne artery 
was palpated distally along its course, and with practice the 
gastroduodenal and gastric branches were identified and ligated, 
avoiding all but a minimum of dissection. 

More anteriorly, the portal vein (Fig 2, top) was identified and 
stretched by lateral traction on the inferior margin of the stomach 
and on the first part of the jejunum. This facilitated th» separa- 
tion of the vein from its surrounding tissue and the placement of a 
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Fig 2.—Venous preparation. Top, Portal vein showing sampling 
catheter. Bottom, Systemic veins showing positioning of occluder 
on inferior vena cava. 


Table 1 .— Blood Flows and Pulmonary Artery Lactic Acid 
Concentrations of Dog Liver for Four Fractions of Inspired Oxygen* 


$ De 


P 


Aortic Flow at | 
Celiac Axis, - ortal Vein 
mL/min Flow, mL/min 
1,134 + 90.6 285 + 
1,085 + 98.1 ' 297 + 
1,018 + 864 : + 
+ 
+ 


Fraction ef 
Inspired Oxygen 


1,005 + 105.6 
958 = 717 


*Each figure represerts the mean and 1 SEM of seven experiments. 


Arch Surg—Vol 114, May 1979 


Hepatic Artery | 
. Flow, mL/ min 
.. 192 + 24.1 


Portal Vein © 


Tes 


Blood Pressure, 

z _mm Hg 

— 114.5+5.3/78+4.5 
114. +6.4/82.8+4.5 
135.7 + 7.9/85 + 6.8 

| 127.8 6.8/70.3 - 3.8 

121.4 4.9/77.12- 5.3 


Pulmonary Artery Lactic 
Acid Concentration, mg/dL 


28.27 + 3.21 
23.91 + 3.21 
26.35 + 3.21 
48.96 + 7.85 


192 + 26.4 
196 + 27.5 
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Table 2.—Mean Blood Flows, Oxygen Consumptions, and Lactic Acid Use of Seven Dogs for Fractions of Inspired Oxygen* 


FO. PV(f) PV(ot) PV(Lc) HA(f) HA(ot) HA(Lc) HV(f) HV(ot) HV(Lc) SpH LAUT 





*F O., means fraction of inspired oxygen; PV, portal vein; HA, hepatic artery; HV, hepatic veen; (f), flow, mL/min; (ot), oxygen tension, mm Hg; (Lc), lactate 
concentration, mg/mL; LAU, lactic acid uptake, mg/g/hr; OC, oxygen consumption, mL/3/hr; SpH, surface pH; Co, oxygen content, mL oxygen /mL 
blood. 

Lactic acid uptake = {[HA(f) x HA(Lc) + PV(f) x PV(Lc) — HV(f) x HV(Lc)] x 60} - liver weight (formula 1). 

tOxygen consumption = (HA(f) x HA(Co) + PV(f) x PV(Co) — HV(f) x HV(Co)] x 60} + liver weight (formula 2). 
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Fig 4.—Transhepatic oxygen consumption for four fractions of 
inspired oxygen mean and 1 SEM for seven dogs. 
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Fig 3.—Oxygen-hemoglobin disassociation curve for the dog’ 
showing arterial oxygen saturations for four fractions of inspired 
oxygen used in the experiment. 
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Fig 5.—Transhepatic lactic acid use for four fractions of inspired 
oxygen, mean and standard error of the mean for seven dogs. 
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suitably sized flow probe. Interference with the portal venous flow 
may occur if the probe is too occlusive or if it kinks the vein. This 
results in venous congestion of the viscera and inaccurate flow 
readings. The problem ean be avoided by careful probe selection 
and by fixing the probe at the outset to avoid kinking. Before 
leaving this area, a catħeter was advanced upward via the right 
femoral vein until the tip lay at the point where the hepatic veins 
join the inferior vena cava (IVC) (Fig 2, bottom). Finally, a heavy 
silk ligature was passed around the IVC just above where it is 
joined by the suprarenal vein. The free ends of the ligature were 
brought through a 17.5-em length of stiff rubber tubing, and when 
pulled the IVC was occluded over the indwelling catheter. After 
one minute of IVC occlusion, the blood of the tip of the indwelling 
catheter was almost completely composed of mixed hepatic venous 
blood' and was easily sampled. 

Next, the viscera were packed to the right side of the abdominal 
cavity and the avascular medial margin of the left hemidiaphragm 
was incised. The aorta was identified and freed for the positioning 
of a suitably sized flow probe at a point just above the origin of the 
celiac vessels. The procedure was completed by advancing the tip 
of an intra-arterial catheter (via the right femoral artery) to lie 
just below the flow probe. Heparin sodium (1 U/mL of normal 
saline solution) was used to prevent clotting of blood in the 
indwelling catheters. 


Measurements 


Flowmeters and associated flow probes were used to measure 
the blood flow rate in the common hepatic artery, the portal vein, 
and the descending thoracic aorta, as shown in Fig 1 and 2. The 
flowmeters had a nonoeclusive zero feature, a linearity of 1% of 
full scale, and a frequency response of from direct current to 50 
Hz. The meter and probes had been previously calibrated, using 
the unit described by Marble and Paasche.* The probe sizes most 
commonly used in this study for the aorta, the portal vein, and the 
hepatic artery were 8 mm, 6 mm, and 4 mm, respectively. 
Preparation of the dog normally required no more than one hour, 
and blood loss was negligible (less than 50 mL). 

After the preparatory stage, the dog's blood pressure and blood 
flow rates will stabilize within 15 minutes. A longer period means 
that there has been too much blood lost, or that the dog has some 
undiscovered illness or problem that will lead to uncertainty of 
results, or the prospeet of having to abandon the experiment, often 
near the end. This waste of time and effort did not occur 
frequently enough in eur laboratory to warrant the use of the 
more expensive, laboratory-conditioned animal. 

Oxygen concentrations were controlled by powering the ventila- 
tor from an oxygen-blending apparatus. The oxygen inlet of the 
mixture was fed 100% oxygen at an inlet pressure of 344.7 kilo-Pa 
(50 psi). Nitrogen at an inlet pressure of 344.7 kilo-Pa (50 psi) was 
fed into the air inlet of the gas blender. 

Recalibration of the gas blender was carried out to provide F,O.s 
of 1.0, 0.21, 0.13, and 0.30. During the experiment these calibration 
positions were verified by using an oxygen analyzer of verified 
accuracy. 

At the completion of surgery, the dog's condition was permitted 
to stabilize for 15 minutes while being ventilated with an F,O, of 
0.21. After the stabilization period, blood was removed from the 
hepatic artery, from the pulmonary artery, from the portal vein, 
and from the IVC (hepatie mixed venous blood) for blood gas and 
acid-base measurements. 

After challenging the dog initially on an F,O, of 0.21, the 
procedure was repeated for an F,O, of 1.0, an F; O, of 0.13, and an 

F,O, of 0.10, with a return to an FO, of 0.21. The measurements 
were not performed until the dog's condition had stabilized for 15 
minutes following each F,O, adjustment. 
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Other data were recorded simultaneously, including: (1) the 
blood flow in the thoracic aorta, the hepatic artery, and the portal 
vein; (2) the pH of the liver, by applying a surface pH probe 
directly to the bare area of the gallbladder; (3) blood pressure; and 
(4) core temperature via esophageal probe. Samples of systemic 
and pulmonary arterial blood, portal venous, and mixed hepatic 
venous blood were taken to test for lactic acid concentration and 
SGPT activity. 

The wet weight of the liver was determined at the end of each 
experiment. Lactic acid concentrations were determinec by the 
enzyme method described by Henry.* The SGPT activity, a valid 
indieator of liver damage in the dog, was determined by the 
method of Wroblewski and LaDue.’ 

Linear regression equations were calculated by considering the 
quantity plotted on the abcissa as the independent nonrandom 
variable and the quantity plotted on the ordinate as the dependent 
random variable. The regression coefficient was determined from 
the covariance and the variances of the two variables, as was the 
correlation coefficient. The significance of the difference between 
paired values was determined by Student's ¢ test. 


RESULTS 


The results are the mean and 1 SEM of seven experi- 
ments. For each F,O, the percentage of arterial oxygen 
saturation was as follows: an F,O, of 0.21 = 96.2% + 0.08%; 
an FO, of 1.0 = 98.0% + 0.0%; an FO, of 0.18 = 
77.3% + 4.0%: an F,O, of 0.10 = 60.2% + 3.5%; and on 
return to an F,O, of 0.21 an arterial saturation of 
96.5% + 0.3%. These values are plotted with Pao, on the 
oxygen-hemoglobin disassociation curve calculated for the 
dog, as shown in Fig 3. 

As expected, at an F,O, of 0.21 and of 1.0 the percentage 
of oxygen saturation did not change significantly. Breath- 
ing an FO, of 0.13 resulted in desaturation consistent with 
mild hypoxia, and breathing an F,O, of 0.10 resulted in 
established hypoxia. Recovery at an F,O, of 0.21 returned 
the percentage of oxygen saturation to prehypoxic levels. 

Table 1 gives the overall performance of the dogs at each 
FO.. Aortic flow just above the origin of the celiac vessels 
tended to fall slightly during the experiment, but the 
decline wzs not significant. The hepatic artery and portal 
vein blood flows were similar to those described by others‘ 
and did not vary much during the experiment. 

The dog's response to hypoxia was predictable. Initially 
there was a rapid, transient increase in systolic blood 
pressure, which declined during each 15-minute period and 
stabilized at levels 15 to 20 mm Hg above normal. Blood 
pressure inereases were not accompanied by any consider- 
able increases in blood flow. 

Mixed venous blood lactic acid concentrations prior to 
surgery ranged from 6 to 12 mg/dL, which is normal for 
the dog.* After the surgical procedure, lactic acid levels had 
risen to about 23.9 + 3 mg/dL. Since ventilation was 
controlled and muscular movement was abolished by the 
use of relzxant drugs, this rise relates largely to the "tying 
off" of major vessels around catheters in the right lower 
extremity. This was done deliberately to ensure that the 
liver would be challenged throughout each experiment with 
a sustained and relatively constant supply of endogenous 
lactic acid. 
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At an FO, of 0 13 "duskiness" of the mucous membranes 
and the viscera was clinically apparent in most of the 
animals. However, lactic acid concentrations did not rise 
appreciably, suggesting that dogs tolerate hypoxic condi- 
tions quite well. All of the dogs were observed to be 
cyanosed at an 7,0, of 0.10. In addition, alterations in 
cardiae funetion ranged from minor changes in the normal 
ECG pattern to srrhythmias, making this the most diffi- 
cult part of the experiment. Serum lactic acid concentra- 
tions increased by almost 10076, which indicates a shift 
toward an anaercbic metabolism. In the subsequent recov- 
ery period, clinical measurements returned to normal and 
lactic acid concertrations declined. 

Each dog s SGPT value was within normal limits prior to 
surgery. The results of monitoring of the SGPT daring the 
Study period suggested that the liver was most susceptible 
to damage during periods of hypoxia. 

Table 2 gives the mean values obtained for tne seven 
dogs studied for -ranshepatie blood flow and me-abolism. 
At an FO. of C21, portal venous blood flow was 285 
mL/min, and it kad a Po, of 39 mm Hg and a lectic acid 
concentration of 0.287 mg/mL. Simultaneous measure- 
ments in the hepatie artery showed a blood flow rete of 192 
mL/min, a Po, of 91.4 mm Hg, and a lactic acid ecncentra- 
tion of 0.277 mg/mL. For all practical purposes, therefore, 
the volume of bleod entering the liver was 477 mL/min 
with a known Po. and lactic acid concentration. I: follows 
that there must be an equal volume of blood leaving the 
liver via the hepa-ic veins. (When the actual volume of the 
blood samplec was determined by taking the difference of 
the fiow probe readings above and below the confluence of 
the hepatic veins with the IVC, it was found to be slightly 
higher than tke ezlculated value by approximately 20 to 30 
mL/min. This small increment is most likely due to blood 
from the diaphrazmatie veins. It was not determined in 
each experiment because such a small increment did not 
result in ary sigmificant departure from the calculated 
values, and because this marginal difference eould be 
determined only with considerable technical difficulty.) 
The mixed hepatie venous blood sampled had an oxygen 
tension of 29.3 mm Hg and a lactic acid concentration of 
0.283 mg/mL. 


Calculations 


Using formalas 1 and 2 (Table 2), we caleulated that the 
lactic aeid was being used at a rate of 2.79 mg/g iver/hr, 
while oxygen was being consumed at a rate of 2:2 mL/g 
liver/hr. During this time the parenchyma of the liver had 
a pH ef 7.25 A- each F,O, the pH of the liver was 
consistently lower than the pH of the arterial blooc. This is 
not surprising comsidering the metabolic activitv of the 
liver and the dualty of its blood supply. 

Increasing the F,O. to 1.0 for a 15-minute perioc did not 
improve metabolic performance. In fact, there was a slight 
decline in laetic add use and in oxygen consumpt on. 

Although hypoxie ventilation did not appreciab y affect 
blood flow rates, i: had a profound effect on transhepatic 
metabolism. At ar F,O, of 0.10 there was a gain in lactic 
acid across the liver; oxygen consumption diminished, and 
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the pH of the liver parenchyma reached a low of 6.86. 

Recovery from hypoxemia on an FO, of 0.21 was rapid, 
with lactic acid uptake and oxygen consumption being 
higher than previously observed. These higher values may 
have been related to the greater transhepatic blood flow 
that occurred in this particular study. 

The mean values with 1 SEM are seen in Fig 4 to 6. 
Figure 4 shows that although transhepatic oxygen 
consumption declined at an F,O, of 1.0 and at an FO, of | 
0.18, the differences from that observed at an F,O, of 0.21 
were not significant. Oxygen consumption was lowest at 
an F,O, of 0.10 (P = <.001) and tended to be highest 
during the posthypoxic recovery period, when the dog was 
ventilated on an FO, of 0.21. 

Figure 5 shows the effect of varying the F,O, on the 
transhepatie uptake of lactic acid. More oxygen did not 
improve the uptake and less oxygen caused a significant 
reduction from the initial value at an F,O, of 0.21. At an 
FO, of 0.18, lactic acid was used at a significantly reduced 
rate (P = —.001), but at an F,O, of 0.10 there was a net 
gain across the liver. As with oxygen consumption shown 
in Fig 4, lactate use was highest during the recovery 
period. 

Similarly, Fig 6 shows the changes in the pH of the 
decapsuled liver surface. Changes were significant at an 
FO, of 0.13 and at an F,O, of 0.10. The pH did not return to 
initial values during the posthypoxic ventilation period. 

Figures 7 to 9 show the relationships noted for the three 
quantities pertaining to liver metabolism under the four 
conditions of oxygen inhalation. Figure 7 shows the corre- 
lation between surface pH and lactic acid use, a remark- 
ably high correlation (r — .99), and a regression equation 
of pH = 7.02 + 0.09 lactic acid use. Figure 8 shows 
measurements of lactic acid use and oxygen uptake, and 
also shows a high correlation (r = .98) and a regression 
equation given by lactic acid use = —6.24 + 3.730,. Figure 
9 shows pH and oxygen uptake and also shows that they 
are related by pH = 6.46 + 0.330, with an r = .96. 


COMMENT 


Although blood flow can be measured by a variety of 
techniques,’ modern electromagnetic flow probes, which 
have a nonocclusive zero feature, allow a methodology that 
is less invasive and time consuming and that provides 
accurate, ongoing information about blood flow.” We 
have obtained data for transhepatic blood flow that is 
consistent with previously established findings.’ Moreover, 
we have extended these measurements to include simulta- 
neous measurements of aortic blood pressure and flow just 
above the origin of the celiac vessels. We have also 
determined that except for brief periods, blood pressure, 
blood flow in the aorta, and transhepatic blood flow do not 
vary widely over a range of arterial oxygen saturations 
commonly seen by those who care for injured patients. In 
our experiments, it was difficult and impractical to any 
transient changes in blood flow and in blood pressure to 
those changes in transhepatic metabolism that will be 
discussed. 

In 1971, Goldstein et al demonstrated that basal levels of 
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transhepatic lactate metabolism could be determined. We 


‘modified his method to ensure a constant challenge to the 


liver with endogenously produced lactic acid, the level of 
which is in the range of 25 to 30 mg/dL. 

While the dog was being ventilated at an F,O, of 0.21 the 
liver used lactic acid at a rate of approximately 2.7 
mg/g/hr. Increasing the F;O. tended to diminish uptake, 
at least during the allotted time. 

Not surprisingly, hypoxia significantly diminished the 
liver’s ability to use lactate. This was apparent at an FO, 
of 0.13, when lactate concentrations in the pulmonary 
artery had not increased significantly and the transhepatic 
consumption of oxygen had not declined appreciably from 
normal. The usefulness of direct pH measurement of the 
liver parenchyma is apparent since, despite other findings 
to the contrary, it clearly indicates a shift to anaerobic 
metabolism. 

At an F,O, of 0.10, anaerobic glycolisis was clearly 
established. There was a net gain in lactate across the liver, 
and pulmonary arterial lactate concentrations increased by 
almost 100%, while the pH of the liver declined alarmingly. 


During the posthypoxie recovery period the rates at which 
oxygen was consumed and lactate was used were higher 
than at ary other time, probably because there was almost 
twice as much lactate available as before. MacLean" 
showed with shocked dogs that lactate use increased with 
inereased lactate levels, an observation that is probably 
applicable here. Although the pH improved du-ing the 
allotted recovery period, it did not return to normal, 
suggestinz that the pH may be the most sensitive meta- 
bolie indicator. As shown in Fig 7 to 9, there is a remark- 
ably excellent correlation among surface pH, oxygen 
uptake, and lactic acid use, represented by co-relation 
coefficients of .99, .98, and .97. This suggests that the 
regression equations relating the three variables could be 
most useful in predicting oxygen uptake and lactate use of 
the liver from a direct measurement of surface pH during 
abdominal surgical procedures and under controlled venti- 
lation conditions. 2 


Ann Fenton, Shirley MacDonald, MSe, and Sam Patel, MSc, gave technical 
assistance. 
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Proximal Gastric Vagotomy and 


Suprapylorie Antrectomy 


Experimenta: Evaluation in Dogs 


Kaiehi [sono, MD, keith A. Kelly, MD 


* Ir five dogs with Heidenhain pouches, proximal gastric 
vagotomy and suprapyloric antrectomy did not alter the rate of 
gastric emptying of 300 mL of 1% dextrose or of 4) plastic 
spheres, or disrup. the barricade preventing duodemogastric 
reflux. However, the operation did slow gastric emptying of 50 g 
of cubed liver and increase the postprandial secretion >f hydro- 
chloric acid iom tse pouch. We concluded that suprapyloric 
antrectamy can be combined with proximal gastric vagotomy 
without disturbing tae gastric emptying of liquids and ndigest- 
ible solids or resulting in increased duodenogastric reflux. 
However, the operation does slow gastric emptying of cigestible 
solids. 

(Arch Surg 114:623-627, 1979) 


T he choiœ of «peration for chronic duodenal ulcer is 
unelear today. Truncal vagotomy and antrectomy is 
an effeetive antielcer procedure, with a less than 1% 
recurrence rate after five years. However, the operation 
results in “dumpirg,” diarrhea, or other troublesome post- 
operatire symptoms in about 25% of all patients.” In 
contrast, proximal gastric vagotomy has been follewed bya 
higher incidence o* recurren: peptic ulcer than has truncal 
vagotomy and ant-ectomy (about 5% after five yeers), but 
the operation seliom results in adverse postoperative 
seque ae because -he distal antrum and pylorus are not 
disturbed by the procedure.’ An operation tha: would 
combine the antivlcer effectiveness of truncal vagotomy 
and antrectomy with the low incidence of undesirable 
postoperative side effects o? proximal gastric vagotomy 
would be attractive. 

We wondered if sroximal gastric vagotomy and saprapy- 
loric antreetcmy would meet these objectives. We reasoned 
that such an operetion would sharply decrease th» secre- 
tion of hydrochlori* acid and pepsin by the stomack and so 
protect against reeurrent ulcer, whereas the preservation 
of an intact, innervated distal antrum and pylorus would 
minimize adverse postoperative sequelae. A majcr ques- 
tion was whether -he stomach would empty satisfactorily 
after the eperatior. 


METHODS 


The rate of the gastric emptying of solids and liquids in dogs 
was determined by measuring the appearance of gastric content 
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in the duodenum using both permanently implanted duodenal 
catheters and fluoroscopy. Gastric secretion was assessed with a 
Heidenhain pouch. Duodenogastric reflux was determined by 
measuring the appearance of a duodenal marker in gastric 
content. The dogs were studied both before and after proximal 
gastric vagotomy and suprapyloric antrectomy, and the compari- 
son made, with each dog acting as its own control. | 


Animal Preparation 


Five mongrel bitches, each weighing 13 to 15 kg, were anesthe- 
tized with pentobarbital and subjected to celiotomy using sterile 
technique. Two catheters made of polyvinyl chloride (inner diam- 
eter 2 mm, outer diameter 4 mm) were inserted through the 
duodenal wall into the lumen at a site 10 em distal to the pylorus 
(Fig 1). One of the catheters projected into the duodenal lumen for 
10 cm and the other for 20 cm, and both tips were guided distally. 
The catheters were glued to a plastic disk at their exit from the 
duodenal wall, and the disk was sewn to the duodenal wall to fix 
the catheters in place. Omentum was placed under the disk to 
prevent duodenal leakage. The opposite ends of the catheters led 
to two Luer-lock connectors fixed in a metallie cannula that was 
positioned in the right anterior abdominal wall. The inner flange 
of the cannula was sewn to the adjacent anterior paries to anchor 
the cannula in place. 

A Heidenhain pouch was also constructed from the midportion 
of the gastric corpus along the greater curve. A stainless steel 
cannula was positioned in the pouch. The external end of the 
cannula was brought to the surface through the left upper 
quadrant of the abdominal wall. The dogs were allowed two weeks 
to recover from the operation before tests were begun. 


A digestible solid, an indigestible solid, and a liquid were used to 
enable us to assess the pattern of gastric emptying of each of the 
three components of a meal. A radioactive digestible solid, bovine 
liver, was prepared by injecting intramuscularly 0.4 uCi/kg of 
cyanocobalamine Co 57 (specifie activity, 15 uCi/ug) into calves, as 
described by Hinder and Kelly.’ Twenty-four hours later, the 
calves were killed and the livers excised and diced into 1-cm cubes. 
The radioactivity of 20 cubes randomly selected was measured in a 
gamma counter from which the mean number of disintegrations 
per minute (dpm) per gram was calculated. The cubes of liver were 
divided into 50-g lots and frozen in separate containers for later 
use. 

Plastic spheres were used as the indigestible solid. The spheres 
each had a diameter of 7 mm and a specific gravity of 1.6 and were 
made radiopaque by rolling them in epoxy glue and then in 
powdered barium sulfate. 

A solution that is rapidly emptied from the stomach (1% 
dextrose) was used as the liquid component of the meal. It had an 
osmolarity of 67 mOsm/kg. The solution was marked with 2 
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Fig 1.—Canine preparation. Two chroni- 
cally indwelling catheters are inserted into 
duodenum and Heidenhain pouch is 
made. 


Fig 2.—Left, Proximal gastric vagotomy 
and suprapyloric antrectomy (hatched 
area), with distal 2 cm of stomach and its 
innervation intact. Right, Gastric continui- 
ty restored with corporal-distal antrosto- 
my. P indicates pylorus; N, nerve. 


^. Table 1.—Gastric Emptying of Spheres 


Mean % +SEM Emptied in 4 Hr 





After Operation 


Dog Before Operation 


1 ^ 28 + 18 743 
2 0 28 + 6* 
5 71 + 18 15 + 5* 


*Value differs from that before operation; P — .05. 


mg/dL of tritium-labeled polyethylene glycol (*H PEG) that had a 
specific activity of 0.5 wCi/g. 


Gastric Emptying and Secretion Tests 


The dogs were starved for 24 hours with free access to water and 
then were placed in the standing position in loose-fitting canvas 


. slings. "Steady state" conditions were achieved by perfusing the 


duodenum for one hour via the proximal duodenal catheter with a 
solution of 154 mM sodium chloride marked with 1 mg/dL of 
carbon 14-labeled polyethylene glycol (C PEG) that had a specific 
activity of 0.2 wCi/g. This perfusion was given at 2.2 mL/min and 
was continued unchanged for the duration of the test. Gastric juice 
was collected from the pouch cannula at 15-minute intervals. 

After the initial one-hour perfusion, the dogs were fed 50 g of 
cubed liver, 300 mL of 1% dextrose, and 40 plastic spheres, all of 
which were at 22 °C when given. The dogs were allowed to eat the 
liver, after which an orogastric tube was immediately passed and 
the solution introduced over one to two minutes under the 
influence of gravity. The tube was then removed and the spheres 
manually placed in the oropharynx from where they were sponta- 
neously swallowed. 

Samples of 2 mL of duodenal juice were obtained from the distal 
duodenal catheter every five minutes in the first 30 minutes after 
the meal, and then every ten minutes for the next 210 minutes. 
The collections of Heidenhain pouch secretion continued each 15 
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Table 2.—Gastric Emptying of 1% Dextrose 


Mean % +SEM Emptied in 1 Hr 
C—O EEE eO_owv 


Dog Before Operation After Operation 


5 70.5 + 8.2 50.5 + 9.2 



















*Value differs from that before operation; P < .05. 


3.—Gastric Emptying of Liver 
Mean % +SEM Emptied in 4 Hr 
Coe 
Before Operation After Operation” 


1 87.0 + 5.7 25.9 + 2.4 
2 87.3 + 4.8 20.5 + 2.2 
3 100 16.1 + 0.8 
4 96.6 + 1.5 21.8 + 4.1 


1+ 4.1 


*Values differ from those before operation; P < .001. 


minutes. At the end of the test, four hours after feeding, the 
abdomen was screened fluoroscopically to ascertain how many 
spheres had left the stomach. Five tests were performed in every 
dog, and each test was done on a separate day. 


Analysis of Samples 


The 2-mL samples of duodenal content were decolored in 
sunlight for 12 hours to decrease bile staining, after which each 
had its dpm of “Co determined using the gamma counter and its 
dpm of both tritium and “C simultaneously determined using a 
liquid scintillation system. Corrections were made for decay of 
Co and of tritium, for quench, and for activation of tre scintilla- 
tion fluid by the gamma emissions. The output of the counters was 
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Before Operation, 
Hours After Meal | 





“Values differ from corresponding value before operation; P < .05. 


Mean Output of Hydrochloric Acid, mEq/hr 


SE Se a ee eee anaes oS sor oe C5 NUN 


After Operation, 
Hours After Meal 


Table 5.—Duodenogastric Reflux During Duodenal Perfusion 


Mean % +SEM of Duodenal Infusate Recovered From Stomach After 15 Min 


Stomach Empty 


Before Operation 
17.4+ 2.9 
14.6+ 58 


23.3 +25 
13.5 + 1.8 


*Values after operaticn do not differ from those before operation; P > .05. 


automatically 5unehed on tapes and the following calculations 
performed using a digital computer. The amount of gastric marker 
(Q) passing through tae duodenum in time t was determined using 
the formula 


Q= Vex (MCPEG p/ MCPEG p) X Mp 


where V» is the volume of duodenal perfusate given ir time t, 
MCPEG, and !4CPEGy are the “CPEG concentrations in the 
duodenal perfusate and aspirate respectively, and M; is the 
concentration 5f gas-rie marker in the aspirate. Using the knowl- 
edge of the *'Co dpmeg of liver end of the tritium dpm/mL of the 
solutions of cextrose, the rate of gastric emptying “or liver 
(g/min) and dextrose (mL/min) could be determined for each 
successive five or ten-minute period for the four hours after the 
meal was ingested. 

The eumulazi-e output of both liver and dextrose was plotted 
against time using a line printer. We expressed the resu ts as the 
cumulative percentage cf the original meal emptied against time. 
Because of the zmoumt of quench in the specimens and tbe need to . 
measure two £ emitters in the same specimen, the total number of 
tritium emissiens measured (representing the emptying of 
dextrose) was sometimes greater and sometimes less “han that 
administered. Eowe-er, the shape of the curves produced when the 
cumulative quantity-of dextrose emptied was plotted agéinst time 
showed the seme chmraeteristic smooth regression approaching a 
horizontal asymptote. The output of acid from the pouch each 15 
minutes was deternzned by titrating 1 mL of each sampe to a pH 
of 7.0 with (.1N sodium hydroxide using an automati= titrime- 
ter. 

Duedenogastric Reflux Tests 

These tests were performed to quantitate the amount of 
duodenogastric reflex occurring when the stomach was empty and 
when it was emptzing 300 mL of 1% dextrose. The dogs were 


positioned in Pavlc» slings, where they rested or stooc comfort- 
ably. A duodenal in usion of 154 mM sodium chloride with 0.0033% 
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Aft»r Operation* 


During Emptying of 300 mL of Dextrose 


Before Operation After Operation* 





Table 6.—Gastric Emptying of 1% Dextrose 
During Duodenal Perfusion 










Mean mL + SEM Emptied in 15 Min 


———————————————— 
Before Operation After Operation 












69.0 + 2.0 95.5 + 1.8* 





*Differs from corresponding value before operation; P < .05. 


carbon 14-labeled polyethylene glycol (mean molecular weight, 
approximately 4,000) was started through the proximal limb of the 
duodenal eatheter at 12 mL/min. The large rate of infusion (12 
mL/min) was chosen to strongly stress the barricade that prevents 
reflux of duodenal content into the stomach. After 15 minutes of 
infusion, an oral gastric tube was inserted and the gastric content 
recovered. The stomach was washed with 100 mL of water and the 
water was aspirated. 

After a one-hour rest, the experiments were repeated, but at the 
onset of the duodenal infusions, the dogs were given a 300-mL 
instillate of 1% dextrose via an oral gastric tube. The tube was 
withdrawn as soon as the fluid had been giver. The instillate was 
at 22 °C when administered and contained tritium-labeled poly- 
ethylene glycol as a marker. After 15 minutes, the duodenal 
infusion was stopped, the gastric tube reinserted, and the stomach 
aspirated and washed with 100 mL of water. These experiments 
were repeated five times in each dog. 


Analysis of Samples 


At the completion of each test, the volume of the gastric aspirate 
and gastric wash recovered was measured. The specific activities 
of "C in 5-mL samples of the original duodenal infusate, the 
gastric instillate, aspirate, and wash were determined in the liquid 
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Fig 3.—Recording of gastric electric activity six months efter proximal gastric vagotomy and 
suprapyloric antrectomy. Pacesetter potentials are propagating (dotted line) from proximal 
stomach across the anastomosis to distal stomach. E indicates electrode; P, pylorus. 


scintillation system and the percentage of duodenal infusate 
refluxed into the stomach was calculated. 

The specific activities of tritium in 5-mL samples of the original 
gastric instillate, the aspirate, and the wash were also determined 
using the scintillation system. The volume of instillate emptied 
from the stomach in the 15-minute period was then calculated by 
use of the formulas 


—— 


V, = 300 mL — Vp 
Vg = [V4 X (S4/S)] + [Vw X (Sy/53p] 


where V; represents the volume of the original instillate emptied 
from the stomach in 15 minutes, 300 mL is the volume originally 
instilled, Vp is the volume of the original instillate remaining in 
the stomach after 15 minutes, V, is the volume of the gastric 
aspirate, Vy is the volume of the gastric wash, and S;, S4, and Sw 
are the specific activities of the instillate, gastric aspirate, and 
. gastric wash, respectively. 


Vagotomy-Antrectomy 


The dogs then underwent proximal gastrie vagotomy and 
suprapylorie antrectomy. The vagotomy was performed by ligat- 
ing and dividing all neurovascular bundles along the lesser curva- 
ture of the stomach from the esophagogastric junction down to a 
point 2 em proximal to the pylorus (Fig 2). Care was also taken to 
divide any vagal fibers coursing down the esophagus to the gastric 
fundus and corpus. The proximal antrectomy was accomplished by 
resecting an 8-em sleeve of gastric wall from a point 10 cm 
proximal to the pylorus to a point 2 em proximal to the pylorus. 
The distal 2 em of antrum and the pylorus and their extrinsic 
innervation were carefully preserved. Gastrointestinal continuity 
was restored by an end-to-end corporal-antrostomy, taking care to 
accurately approximate the proximal and distal cut ends of the 
gastric tunica muscularis. The dogs were allowed two weeks to 
recover, after which the gastric emptying and secretion tests and 
the duodenogastric reflux tests were repeated. Data from before 
and after operation were compared for each dog using Student's 
t test for the paired data. 


Evaluation of Anastomoses 


At the completion of the previously described tests, three of the 
five dogs underwent a third operation in which two monopolar 
silver electrodes were implanted on the gastric wall at sites 1-cm 
proximal and 1-em distal to the anastomoses. The construction of 
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the electrodes and the technique of their implantatior have been 
described previously. After recovery, the electric act vity of the 
gastrie wall was recorded? to ascertain if gastric pacesetter 
potentiale were being propagated from the proximal stomach to 
the distal stomach across the anastomosis. All five dogs were then 
killed and the stomach carefully inspected. 


RESULTS 
Gastric Emptying and Secretion 


Gastrie emptying of spheres and 1% dextrose was not 
consistertly altered by proximal gastric vagotomy and 
suprapyleric antrectomy (Table 1 and Table 2), bat gastric 
emptying of cubed liver was slowed (Table 3). More acid 
was secr2ted postprandially from the Heidenhein pouch 
after operation than before operation (Table 4). 


Duodenogastric Reflux 


Duoder ogastric reflux was not enhanced by th2 vagoto- 
my-antre:tomy, whether the stomach was empty or wheth- 
er it was emptying 1% dextrose (Table 5). Again. the rate 
of gastric emptying of 1% dextrose was not corsistently 
altered br the operation (Table 6). 


Evaluation of Anastomoses 


Pacesetter potentials were propagated from the proxi- 
mal stomech across the anastomoses to the distal stomach 
in each o^ the three dogs studied (Fig 3). The proximal 
gastric pecemaker was driving or entraining the distal 
antrum after the resection and anastomosis in these dogs, 
just as it does in the normal stomach.’ 

There vas no stenosis or organic obstructior at the 
anastomoses of any of the five dogs. All anastomoses were 
well healed, soft, and pliable. The gastric and cuodenal 
mucosa showed no ulceration and the stomachs were not 
dilated preximal to the anastomoses. 


COMMENT 


‘Several previous groups have studied the efect on 
gastric em tying of operations similar to the one described 
in this report. Amdrup and Griffith? concluded, as we did, 
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LOUNGE 


that gastric eraptymg of liquids was little changed after 
proximal gastric vagotomy and suprapyloric antrectomy. 
One of the two dogs they studied emptied a suspension of 
barium sulfate onls slightly faster after operation than 
before operation. S2nosis developed in the other an mal at 
the anastemosis and gastric stasis and so it was excluded 
from consideration Maki and colleagues’ found that 
humans who hed undergone pylorus-preserving gastrecto- 
my for chronie gestric ulcer also had nearly the same 
pattern of gastric =mptying of liquids after operacion as 
did the contral stojects. It is difficult to compare the 
results obtained by Maki’s group to ours, however, because 
they dic not add proximal gastric vagotomy te their 
suprapyloric gastreetomy. Moreover, it seems likey that 
the extrimsic innervation of the distal antrum and pylorus 
was divided in their procedure. In contrast to the results of 
Amdrup and Griffita and of Maki et al, Kronborg* found 
that proximal gastrc vagotomy and suprapyloric mucosal 
antrectomy caused gastric stasis in four of his seven 
patients. However, Kronborg’s operation differed m that 
he used suprapylorx mucosal antrectomy with proximal 
gastric vagotomy, whereas we and the other zroups 
removed the entire wall of antrum. The gastric stasis that 
followed Kronborgs operation was perhaps due to the 
folding of the entre seromuscular layer occasioned by his 
procedure or due -o stenosis at the difficult mucosal 
anastomosis. Neithar of these factors are present when a 
sleeve of the entire wall is removed. 

We found that gastric emptying of liquids and indigest- 
ible solids was not greatly changed by proximal gastric 
vagotomy and suprapyloric antrectomy, but that sastric 
emptying of digestible solids was slowed. The 1% dextrose 
that we used to sssess emptying of liquids emptied 
promptly from the s:omach before operation. If the opera- 
tion had produced za increase or a decrease in the rate of 
emptying of liquids. we would have readily detecte it. In 
contrast, the rate of emptying of the spheres that we used 
to test the emptyime of indigestible solids was sc small 
before operation th=t we would not likely have detected a 
further decrease if one had been produced by the opera- 
tion, although we would have detected an increase. A 
decrease in the rate ef gastric emptying of digestible solids 
after the vagotomy-antrectomy was clearly shown by our 
methods and probably resulted from impaired gastric 
trituraticn. Digestible solids must be broken down to 
particles of less tham 1 mm before they are allowed to pass 
through the pylorus into the duodenum. The trituration 
can be accomplished either by mechanical or chemical 
means. Mechanica trituration, which is dependent on 
antral peristalsis, wes likely disturbed by the suprapyloric 
antrectomy: a porte n of the antral grinding mechanism 
had been removed. Chemical trituration (digestion) was 
probably also impa 7ed; less acid and pepsin would have 
been secreted from -he main stomach after the operation 
than befere the opezation. 

Failure of the gas ric pacemaker to drive or entrzin the 
distal antrum and pylorus did not contribute to the slow 
gastric emptyimg e^ digestible solids produced Ly the 
operation. We have shown in past experiments that gastric 
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pacesetter potentials spread from the orad corporal gastric 
pacemaker across a well-healed gastric anastomosis to the 
distal stomach." Such propagation is also established when 
a gastric resection accompanies the anastomosis, as shown 
by O’Leary and Hennessy" and in this experiment. 

The enhanced secretion of hydrochloric acid from the 
Heidenhain pouches after the operation was an unexpected 
finding. We had thought that resection of the majority of 
the gastrin-secreting mucosa would have decreased secre- 
tion from the Heidenhain pouch. It may be that we left too 
great a cuff of distal antrum in place, as suggested by 
Amdrup and Griffith,’ or that the proximal gastric vagoto- 
my impaired the release of an inhibitor of gastric secretion 
from the proximal stomach, as postulated by Wolf and 
colleagues." It is important to emphasize, however, that 
the augmented secretion of acid by the pouch does not 
necessarily mean that the secretion of acid by the main 
stomach would also be increased. The removal of the vagal 
drive of the oxyntic cells of the main stomach and the 
resection of the majority of the gastrin-secreting antral 
mucosa would likely have sharply depressed gastric secre- 
tion by the main stomach. The failure of the vagotomy- 
antrectomy to accelerate gastric emptying of solid spheres 
or to increase duodenogastric reflux lends support to the 
concept that the mechanism that provides gastric conti- 
nence for solids and prevents duodenogastric reflux resides 
in the distal 2 em of antrum and pylorus. 

Proximal gastric vagotomy and suprapyloric antrectomy 
is likely to result in lasting healing of chronic duodenal 
uleers, without leading to dumping, diarrhea, or duodeno- 
gastrie reflux. The slow gastric emptying of digestible 
solids that follows the procedure is of concern, however, 
and suggests that some modification of the operation 
should take place before it is applied to humans. 


This investigation was supported by Public Health Service grant AM- 
18278, by the Mayo Foundation, and by Chiba University. 
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Clinical Notes 


The Cavaportal Shunt in Interruptions of 


the Suprarenal Inferior Vena Cava 


Claude Laurian, MD; Luc Bruneau, MD; Patrick Vinay, MD 


e Abrupt interruption of the suprarenal inferior vena cava can 
have dramatic consequences and can be difficult to repair 
successfully. In the case reported, an excellent result was 
obtained by a cavaportal anastomosis, with minimal conse- 
quences on renal and hepatic functions. 

(Arch Surg 114:628-631, 1979) 


he interruption of blood flow through the suprarenal 

inferior vena cava (SIVC) does not always entail 
dramatic consequences of an immediate nature. Indeed, if 
sufficient collateral circulation has previously developed, 
as in renal or retroperitoneal tumors,'^ resection of this 
segment of vena cava can often be done without important 
consequences. Abrupt interruption of the SIVC circulation 
should have more severe consequences although this is not 
always the case.*:' Nevertheless, the sudden interruption of 
caval flow has taxed the ingenuity of a surgical correction. 
Restoration of continuity of this caval segment brings the 
following two kinds of problems: (1) the difficult access to 
the retrohepatic segment of the vena cava and (2) the high 
incidence of thrombosis in the replacement of the vena 
cava. The cavaportal shunt is thus a good surgical alterna- 
tive because it reestablishes the renal and caval flow in a 
technically simple manner. The case reported here is a good 
illustration of this approach and shows the lack of hepatic 
or renal consequences. of the use of the shunt. 


REPORT OF A CASE 


The patient, a 56-year-old man was transferred on Feb 4, 1976, 
to Hotel-Dieu Hospital in Montreal, 24 hours after a right nephrec- 
tomy for papillary renal carcinoma. In the hours after surgery, 
cyanosis and edema of the lower limbs and priapism developed, 
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followed by shock and anuria. Thrombosis of the inferior vena cava 
(IVC) was diagnosed and the patient was transferred. On admis- 
sion, the patient was somnolent but in a stable cardiovascular 
condition. A suprahepatic cavogram confirmed the complete oblit- 
eration of the IVC below the hepatic veins (Fig 1). Laboratory 
studies disclosed the following values: BUN, 29 mg/dL; creatinine, 
3.9 mg/dL; and potassium, 4.7 mEq/L. The hematocrit reading 
was withm the normal range. 

Thirty-two hours after the right nephrectomy, the patient was 
reoperated on through a median xiphopubic incision. Tae IVC and 
the left renal vein were obliterated by massive thromt osis. There 
was a complete section with ligation of the SIVC, 2 em above the 
left rena! vein. The superior ligated stump was found at the 
junction of the hepatic veins behind the liver (Fig 2). The left 
kidney was not palpable because of the edematous ináltration of 
the renal area. A large thrombus was removed from th2 vena cava 
and from the iliac and femoral veins. Another was extracted from 
the left renal vein that included the branches of origin and the 
suprarenal and testicular branches. After thrombectomy, restora- 
tion of venous continuity was accomplished by an end-to-side 
cavaportal anastomosis of the diameter of the vena cava (Fig 3). 
Immediately, there was good renal and caval flow with rapidly 
diminishing edema of the renal region. The color of the left kidney 
was normal and the renal artery was pulsatile. Divresis reap- 
peared three hours after the shunt and became rapicly massive. 
Acute tubular necrosis with high-output renal failure appeared 
and persisted for eight days. The BUN level increased to 220 
mg/dL and the serum creatinine level to 10 mg/dL. Dialysis was 
not required and the polyuria gradually disappeared. The patient 
was discharged Feb 18, 14 days postoperatively, with a creatinine 
level of L8 mg/dL. 

Transient jaundice was noted, with a maximum elevation of the 
total bilirubin level to 10 mg/dL on the eighth postoperative day. 
Alkaline phosphatase level increased to 300 mU/mL cn the tenth 
postoperative day. After 16 days, the jaundice had disappeared, 
the liver was normal on palpation, and the results of the hepatic 
laboratory test were normal. 

The venous stasis in the inferior limbs rapidly disappeared 
without sequelae. A cavogram via the femoral vein, 15 days after 
the operation, showed a patent cavaportal anastomosis and a 
normal intrahepatic venous system (Fig 4, left). A small reflux of 
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Fig 1.—Angiography of suprahepatic inferior vena cava (IVC) 
performed through internal jugular vein. Complete obliteration 
and infrahepatic IVC is shown 2 em below hepatic veins (lorizon- 
tal arrow). 


Portal Vein 
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Duodenum 
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Fig 2.—Lesions as seen after mobilization of right side cf colon 
and duodenum. Right nephrectomy as well as resection and 
ligation of sect on of suprarenal inferior vena cava between left 
renal vein (LRV) and retrohepatic vena cava are shown. IVC 
indicates interior vena cava; RRV, right renal vein. Arrows show 
mobilization of different structures. 
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contrast medium confirmed the patency of the left renal vein. The 
portal vein image was washed out by the superior mesenteric blood 
flow. The patient was seen four months later and was clinically 
asymptomatie, without sign of venous stasis. The liver and spleen 
were not palpable. There was no sign of portal hypertension. A 
control eavogram showed an IVC uniformly diminished in diame- 
ter without signs of collateral circulation (Fig 4, right). The flow 
through the intrahepatic venous system was normal. The results of 
the hepatie function tests were normal as indieated by the 
following values: direct bilirubin, 0.1 mg/dL; total bilirubin, 0.4 
mg/dL; and alkaline phosphatase, 80 mU/mL. Laboratory find- 
ings from protein electrophoresis and from series of tests that 
measure parameters of hemostasis were normal. The renal func- 
tion tests had the following values: urea, 40 mg/dL; creatinine, 1.8 
mg/dL; and creatinine clearance, 30 mL/min. No varices were 
seen on a repeated gastroscopy. 

Seen again a year after the surgery, the patient is asymptomat- 
ic and is employed. There is no change in his clinical and biological 
picture. The ereatinine level is still at 1.7 mg/dL. 





Fig 3.—End-to-side cavaportal shunt as performed after throm- 
bectomy of inferior vena cava and left renal vein. White arrow 
pcints to anastomosis itself; other arrows show mobilization of 
different structures. 


Cavaportal Shunt—Laurian et al 629 


COMMENT 


The morbidity of abrupt interruption of the SIVC de- 
pends on the presence of preexisting collateral circulation 
that ean establish venous return in the caval and renal 
veins in spite of the obliteration of the main venous 
channel. Without this collateral circulation, two main 
severe problems occur. On one hand, sequestration of the 
eaval blood diminishes the circulating blood volume and 
causes important, though transient, hemodynamic 
changes? On the other hand, it will depress the renal 
function." In some eases, if there is thrombosis of the renal 
vein and of its potential collaterals (suprarenal and genital 
veins), then a renal infarct of the hemorrhagic type with 
irreversible damage to the renal parenchyma will result.” 
Furthermore, it is often accompanied, as in our patient. by 
an extensive proximal thrombosis that involves the ilio- 
femoral veins and the renal veins. 

When the collateral circulation is well developed before 
the permanent interruption of the caval flow, the clinical 
picture can be very different. The hemodynamic changes 
can be nonexistent, and the renal venous return can be 
quite adequate.*** However, acute renal failure can appear, 
possibly in relation to a thrombotic process. The acute renal 
failure after a venous occlusion generally disappears when 
the collateral circulation reestablishes an adequate venous 
return. It must be emphasized that a true nephrotic 
syndrome can appear following the obstruction of the renal 
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venous return.' 

The surgical repair of lesions of the SIVC has long been 
neglected, owing mainly to the diffieult access of the 
retrohepatie vena cava. Current vascular surgical tech- 
niques make simple ligation of the IVC obsoleze. In the 
'ase of resection of a caval segment, the renal venous flow 
can be reestablished or the continuity of the vena cava 
restored. 

To our knowledge, only four cases of surgical reestablish- 
ment of the renal or the renocaval blood flow kave been 
reported in the literature. These include the following: left 
splenorenal anastomosis,'' restoration of the caval continu- 
ity with interposition of an aortic allograft" or a prosthe- 
sis,’ and direct repair of the SIVC and reestablishment of 
the renal venous drainage.? Many techniques have been 
used to reestablish the renal venous return or the complete 
caval flow. The reimplantation of the renal vein in the 
caudal segment of the vena cava does not seem to offer 
more than the simple ligation of the renal vein cn account 
of the high risk of extensive thrombosis from the infrare- 
nal vena cava. Only the reestablishment of the venous renal 
flow to the cranial segment is acceptable, either by an 
angioplastie repair with a flap of the remaining vena cava 
or by a reimplantation of the renal vein directly or with a 
venous bypass." If the decision has been made not to 
restore IVC continuity, the best available material remains 
the infrarenal vena cava. The reestablishment of the renal 
continuity can be accomplished by turning the nfrarenal 





Fig 4.—Cavaportal anastomosis as shown by postoperative verocavogram via femoral vein. Left; At 15 
days postoperative, anastomosis is indicated by two horizontal arrows; left renal vein is indicated by 
vertical arrow; cava-caval collateral circulation is indicated by arrows outlined in white. Right, At four 
months postoperative, diameter of inferior vena cava has cecreased (two horizontal arrows) and 
collateral circulation has disappeared (arrows outlined in white). Inflowing circulation from patent left 
renal vein and superior mesenteric vein can be seen. 
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vena cava upside down as described in dog experiments by 
Sharafislamov'* in 1962. Simple transposition of a dissected 
segment of the infrarenal IVC is also possible. 

The renal venous drainage may also be restored Dy the 
implantatien of the senal vein in the portal vein or mone of 
its branehes. As far as we know, two cases have been 
reported in the literature, the first with a left renosplenic 
anastomosis after Egation of the SIVC during a right 
nephrectomy," and the second with a renoportal anastomo- 
sis.'^ Oliguria felloved both operations. 

The restoration ef caval and renal continuity necessi- 
tates other procedures, usually a venous or synthetic graft. 
In spite of many failures in caval reconstruction at this 
level, the mater-al of choice remains autogenous material." 
The best seem to be the internal jugular vein or the iliac 
vein (simple or doube) because of their diameters. F owev- 
er, the implantation of a venous segment requires the 
difficult liberation o the retrohepatic portion of th» IVC, 
and another teehnicue can be more useful, which is the 
portacaval anastomssis. 


THE SAVAPORTAL SHUNT 


Following the work of Child and Glenn" in 1988, the 
cavaportal shunt ane a few other models of making portal 
shunts have been the subject of much experimental work. 
Their purpose nas deen the prevention of renovascular 
hypertension dy the diversion of renal venous flow to the 
liver where vasoactive substances could be inactzvated. 
Such a shunt is follewed by very little modification of the 
renal function’ and zhe portal pressure is only elevated by 
a few centimeters c^ water." In these studies, the -ollow- 
ing two peirts are mportant: The first is the absence of 
substantial mocifiezzions of the renal and hepatic func- 
tions. The secend is the possibility of a certain degree of 
stasis in the two wenous beds, the cavaportal ard the 
mesenterie. Tais tedhnique is well suited to the reestab- 
lishment of a complete cavaportal flow. As far as we know, 
only one such experiment has been reported in man by 
Starz! and Marchio, in 1965, for a case of glycegeno- 
sis. 

Performance »f a cavaportal shunt is technically easy. 
After mobilization c the right sides of the colon aad the 
duodenum, & segment of the suprarenal and infrarenal 
vena cava is mobilized and a few lumbar veins are lizated. 
The mobilization of the left renal vein up to its first 
divisions is necessary. The portal vein is also dissected free 
and a large end-toe-sxle anastomosis equal to the diameter 
of the IVC is done. It must be assumed that the lver is 
normal, without portal hypertension. 

The temporary iaterruption of both the caval and 
splanchnic venous re urns remains the critical point. ef this 
operation. In eur patient, the interruption created hypo- 
tension that stabilized around 60 mm Hg with a large 
volume of liquid ane that corrected itself as soon as the 
clamps were removed. The cavaportal shunt was rapidly 


Arch Surg—Vol 174, May 1979 


effective since the edematous infiltration of the left renal 
region disappeared in a few minutes and the diuresis 
started three hours later. The absence of esophageal 
varices and of any sign of venous hypertension in the lower 
limbs four months after the surgery suggests that the 
caval and portal pressures are not substantially altered. 
The easy technique and good result of the cavaportal 
shunt make it an important alternative in the surgeon’s 
methodology. It cannot be compared with the simple 
thrombectomy that has a high risk of recurrence, even with 
heparin sodium therapy. It seems to be more adequate than 
the splenorenal shunt because of the small diameter of the 
splenic vein. It reestablishes the continuity of the SIVC 
without a difficult retrohepatic dissection and anastomosis 


or the use of a large autogenous or synthetic graft. 


William Jones, MD, Regent L. Beaudet, MD, and Jacques Cantin, MD, 
reviewed the manuscript. Johanne Carrier performed secretarial work. 
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Appendicitis in Acute 
Kyle Ver Steeg, MD; Andre LaSalle, MD; Irving Ratner, MD 

e The cases of five children with acute leukemia complicated 


by appendicitis were reviewed. All but one child had typical signs 
and symptoms of acute appendicitis, though four children were 


receiving prednisone. All five children underwent appendecto- 


my, and all survived the immediate postoperative period. One 
child had a spontaneous remission following appendectomy. 
Two of three children in relapse suffered serious postoperative 
complications. Our experience supports the surgical manage- 
ment of appendicitis in acute leukemia. 

(Arch Surg 114:632-633, 1979) 


uring the past 15 years, advances in chemotherapy 
have led to prolonged survival of patients with acute 
childhood leukemia.’ The prolonged survival, in conjunction 
with the tendency of a necrotizing enteropathy of the 
ileum, appendix, or cecum to develop,’* has resulted in an 
increasing frequency of appendicitis in childhood leuke- 
mia. 
This is a report of the cases of five children with acute 
leukemia complicated by appendicitis. 


PATIENTS 


The case records of five patients with acute leukemia compli- 
cated by appendicitis were obtained from the Santa Rosa Chil- 
drens Hospital and the Wilford Hall Medical Center for the years 
1965 to 1977. There were three boys and two girls ranging in age 
from 8 to 14 years. Four patients had acute lymphocytic leukemia 
and one had acute myelogenous leukemia, with three patients in 
relapse (one with a CNS relapse) and two in remission. 

Table 1 lists the patients with their signs and symptoms present 
on admission. All but one had the signs and symptoms usually 
associated with acute appendicitis in nonleukemie children, ie, 
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right lower quadrant (RLQ) pain and tenderness wizh guarding 
and rebeund, anorexia, and fever. The one exception had a 
three-week history of "bloating" and abdominal distention. 

The WBC and differential counts were helpful ir four cases 
when compared to WBC counts that had been obtained prior to the 
onset of symptoms (Table 2). In none of these childrem were plain 
abdominal roentgenograms helpful. A preoperative barium enema 
was instrumental in diagnosing appendicitis in the 5atient who 
had atypical signs and symptoms (patient 1). 

Four cf the five children were receiving prednisone (30 to 100 
mg/day) at the onset of appendicitis. In only one chld were the 
signs and syraptoms atypical (patient 1). One patient was taking 
mercaptopurine (6-MP) orally on a daily basis. The others had 
received various chemotherapeutic agents within one menth of the 
onset o? symptoms (either asparaginase, cyclophosphamide, 
vincristine sulfate, or doxorubicin hydrochloride [Adriamycin ). 


RESULTS 


All patients underwent appendectomy as soon as the 
diagnosis was suspected, with a time interval of eight 
hours to three weeks after the onset of symptoms. Preoper- 
ative and intraoperative infusions of blood and platelets 
were required for one patient in relapse (patient 1). All but 
one patient received preoperative, broad-spectrum antibi- 
otics. 

Microscopic examination showed acute inflammation in 
all appendixes, with two perforated, one gangr2nous, and 
one with acute and chronic inflammation correlating with 
the duration of the symptoms. None of the appeadixes had 
leukemic infiltrates. 

All patients survived the 30-day postoperat ve period. 
Three children recovered uneventfully, two in remission 
and one in relapse. In one child in relapse, a subfascial 
Escherichia coli abscess developed, which requ red drain- 
age on the 16th postoperative day. The wound had not 
completely healed two months later, although he was 
managed as an outpatient during this period. | 

Another child in relapse (patient 1) underwent sponta- 
neous remission following appendectomy. One month after 
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Patient Status of Leukemia Receiving Prednisone Symptoms* Duration of Symptoms Signs* 


Table 1.—Signs, Symptoms, and Their Relationship to the Status of Leukemia and Steroid Use . 





1 Relapse Yes 
Remission 






















3 Relapse Yes 







Relapse (CNS) 


*RLQ—night lower quadrant. 


Table 2—WSC Count Before and After Onset cf 
Symptoms 


WBCs/cu mm 


5 1 700* <,8007 





*Perzentage o'î segmented neutrophils and their precursors not 
increasec above normal. 

TPercentage of segmented neutrephils and their precursors ncreased 
above aormal. 


the operation, melena and RLQ pain with tenderness and 
leukocytosis developed. A barium enema examination 
showed retained intramural barium in the cecum, and 
exploratory celiotomy demonstrated a large intramural 
hematoma of the cecum wth perforation and abscess 
forma-ien. A rght hemicolectomy was performed with a 
primary end--o-end ileotransverse colostomy. The patient 
graduelly recovered. was discharged, and was readmitted a 
few weeks later in relapse. Sepsis developed, and sae died 
six days after drainage of an intraabdominal abscess. 
Postmortem examination failed to reveal whether the 
original abscess was incompletely drained or whether the 
abscess had been caused by a leak from the anastemosis. 
An anastomotic leak could have been prevented by 
performing a terminal ileostomy or a Mikulicz procedure, 
rather than performing a primary anastomosis, in the 
presenze of am abscess. 

Of tne two ehildren in remission, one is alive seven 
months after appendectomy, and the other died of leuke- 
mia three years after operation. Of the three chilcren in 
relapse, one died of a cerebral 1emorrhage 2!? months after 
appencectemy (patient 4), and a second died after drainage 
of an intraabdcminal abscess during relapse, 3!? months 
after appendectomy (patien: 1). The third child was 
unavai able for follow-up. 


COMMENT 


Unti recently, appendicitis complicating acute leukemia 
in childhood was medically managed (particularly in 
patients in reapse), almost invariably with a fatal 
outcom2.~* However, Exelby et al have advocated azgres- 
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“Bloating” sensation 


RLQ pain, anorexia, nau- 
sea, and vomiting 


RLQ pain, anorexia 


RLQ pain, anorexia, nau- 
sea, and vomiting 
RLQ pain, anorexia, nau- 
sea, and vomiting 


3 wk Fever and distention 


RLQ tenderness, guarding, 
and rebound 
Fever, RLQ tenderness, 
guarding, and rebound 
Fever, RLQ tenderness, 
guarding, and rebound 
Fever, tender RLQ mass, 
guarding, and rebound 













2 days 







Unknown 


sive surgical intervention to prolong survival by as much as 
50%. Our results support such an approach. 

The differential diagnosis of appendicitis is modified in 
children with acute leukemia since a necrotizing enteropa- 
thy of the ileocecal region, not limited to the appendix, may 
oceur."^ The diagnosis of acute appendicitis may also be 
complicated by chemotherapeutic agents whose effects 
may mask the signs and symptoms or whose toxic effects 
may mimic the acute surgical abdomen.*’ Kuffer et al 
reported that appendicitis was diagnosed only postmortem 
in ten of 12 children.’ The diagnosis was made prior to 
death in all five of our patients, and four were receiving 
prednisone. A preoperative barium enema examination 
may be helpful in differentiating appendicitis from other 
entities, and was useful in one child in our series with 
atypical signs and symptoms (patient 1). 

Our patients underwent appendectomy as soon as the 
diagnosis was suspected. Infusions of crystalloids, blood, 
platelets, and antibiotics were given as needed. Although 
not used in any of our patients, granulocyte infusions have 
recently been shown to prolong survival of patients with 
leukemia complicated by severe infections." 


Nonproprietary Name and Trademark of Drug 
Vincristine sulfate—Oncovin. 
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What Has Happened To... 


The Myocardial Sinusoids? 


Richard Warren, MD 


wice in my professional life, the myocardial sinusoids 

have received prominence as agents of possible impor- 
tance in the microcirculation of the myocardium. The first 
was during my medical school years, when Joseph Wearn, 
Professor of Medicine at the Case Western Reserve Medi- 
cal School, Cleveland, published a series of articles suggest- 
ing that blood in the chambers of the left side of the heart 
might make a significant contribution to the myocardial 
circulation in the presence of main coronary occlusion. He 
proposed that this took place via the openings in the atrial 
and myocardial walls known as the veins of Vieussens and 
Thebesius. He made wax models of the myocardium that 
demonstrated the configuration of the passages leading 
from these openings. Finding that they communicated 
with small branches of the coronary arteries, he named 
them arterial-luminal and arterial-sinusoidal vessels. 

Leary and Wearn' observed two young patients who died 
with complete occlusions of the origins of both main 
coronary arteries, apparently resulting from syphilitic 
aortitis. The completeness of the occlusions was demon- 
strated by injection of the coronary arteries. Their histo- 
logic appearance was such as to suggest that the patients 
had survived the last period of their lives, albeit with 
symptoms, in the presence of total occlusion of the coro- 
nary orifices. 

In the absence of evidence of other coronary or extracar- 
diac collateral vessels, which were carefully looked for, the 
authors postulated that circulation had been supplied to the 
myocardium by the luminal vessels. 

The second flurry of excitement about the myocardial 
sinusoids appeared 30 years later, when Vineberg seemed 
to demonstrate that the myocardium’s circulatory configu- 
ration was different from that of other viscera to the 
extent that it was readily amenable to the creation of 
communications with the open bleeding end of an 
implanted artery. After some initial skepticism, others 
were able to repeat Vineberg’s observation and confirm 
the patency of the new channels. A reexamination of the 
concept of myocardial sinusoids was then made, but arteri- 
ograms and histologic examinations, both in experimental 
animals and man, showed nothing to indicate the anasto- 
motic channels to differ from the small arterioles ordinari- 
ly seen in roentgenograms of collateral circulation 
anywhere in the body. Later, it was, of course, shown that 
other viscera such as the kidney would also allow patency of 
implanted arteries. The amount of flow that could be 
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induced in any of the viscera concerned was small and of no 
great therapeutic significance. 

What are these sinusoids? 

Conneetions between the heart cavities and the myocar- 
dium were first described, as mentioned, by Thebesius and 
Vieussens separately and within a year or two of each 
other within the first decade of the 18th century. Their 
techniques were the injection of the coronary arteries and 
veins with such materials as saffron dye and the subse- 
quent observation for appearance of the substances in the 
heart chambers. Others confirmed their findings, and in 
1898, in :he first functional experiment, Pratt? kept a cat’s 
heart beating for one hour by perfusing defibrinated blood 
into the left ventricle, thus presaging the observations of 
Leary and Wearn. Then Minot,’ and later Lewis,’ first used 
the word “sinusoid” and applied it to channels they 
detected anatomically as being different from capillaries. 
Lewis said, "A sinusoid may be defined as a subdivision of 
a vessel produced by intercrescence between its endothe- 
lium and the parenchyma of an adjacent organ.” He made 
models of the sinusoids in the liver, the Wolffian body, and 
the heart of the torpedo and the rabbit. Most of his article 
is involved in an embryologic discussion concerning the 
importance of differentiating the two structures because 
they develop differently, the capillaries as the branching of 
a vessel in the form of small extensions invading tissues, 
and the sinusoids, as already described, by an opposite 
process, the invasion of vascular spaces by the parenchyma 
of organs. 

Lewis has been quoted as being of the opinion that these 
embryologic sinusoids are the precursors of the sinusoids in 
the adult myocardium, but this appears to be an exagger- 
ation. What he said was this: 


The heart of mammals develops like those already described, and 
then undergoes changes which reduce its sinusoids to vestigial 
structures. This may be seen in the rabbit....In older rabbits 
there is a regression of the sinusoids in the ventricles. At 21 days 
the muscle columns have come together reducing many of them to 
strands of endothelium without lumen. Others are retained as 
slender vessels opening into the ventricles at both encs. These are 
probably the source of those vessels of Thebesius described by 
Langer in adult human hearts, as associated with the papillary 
muscles and communicating at both ends with the ventricles. Other 
sinusoids remain large and seem to anastomose with the coronary 
vessels suggesting the fine communications between the ventri- 
cles and the coronary veins found by Pratt in the heart of calves. 
These connections are very difficult to demonstrate in sections of 
embryos. All of the vessels of Thebesius probably cannot be 
explained as persistent sinusoids. Some which ramify in the 
endocardium appear like the vasa vasorum of the large vessels. 
Until the embryology of the latter has been established, the 
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Wearn and colleagues’ schema of myocardial circulation (from Wearn et al’). 


interesting questions of the origin of the vessels of Thebesius 
cannot be fully answered. 


Wearn et aP ealled the channels they reproduced ən wax 
models "simusoids" because they were so similar te those 
described by Mmot and by Lewis in the embryo. In giving 
their aecount of the arterial-sinusoidal vessels, they 
describe the simusomls as follows: 


The "myccardial sinusvids" run a meandering course, anastomose 
very freely with one axother and not infrequently with capillaries 
and open into the lumen of the ventricle either directly or through 
a common opening... 

When elosed and empty, the myocardial sinusoids resemble 
closely and are 2asily mistaken for strands of fibrous tissue. ... 

The similarity cf th= walls of the myocardial sinusoids to those 
of capillaries and the s»mewhat similar distribution between, and 
in close contact with, muscle bundles and muscle fibers would 
indicate that the my»eardial sinusoids play a definite role in 
supplying parts of the heart with blood. 


Later work by Mar, carrying on from Wearn and using 
tagged serum alburrin as a marker in the beating heart of 
a dog, demonstrated that in the normal heart, approxi- 
mately 2% of myocamdial circulation came from the lumen 
and that in the presence of coronary occlusion very little 
more was contri uted. He also tried to create new channels 
by making bore oles in the myocardium, leaving openings 
only to the lumen, Sut found no increase in myocardial 
blood supply uncer t.sese circumstances. He has more lately 
expressed the opinien, in agreement with Donald Gregg, 
MD, of Washington. DC, that “although there are Thebe- 
sian communications between the coronary cireulaticn and 
the chambers of the seart, from the physiologic standpoint 
they are phylogenet e remnants of our evolution (ie, from 
amphibia) and of no functional significance" (T. W. Moir, 
MD, written commu nication, May 31, 1978). 

Anatemically and by way of clarifying definitions, the 
schema of Wearn et ab is reproduced in the Figure for 
reference. 

And so the temp-ation is strong once and for all to 
relegate these channels to the category: yes, they are there, 
but they function to an extent that has little significance 
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even when the main coronary circulation is inadequate. It 
would, however, possibly be wise, and certainly more 
diverting, to postpone this judgment until the final word 
on some new evidence is in. I refer to that provided by a 
new entry on the scene, the radiologist. The advent of 
high-resolution cesium iodide image intensifiers has 
allowed, for the first time, the visualization of these small 
branches. Obrez and others,’ examining three patients 
with severe coronary stenoses, have seen communications 
between the septal branches and the right ventricle on two 
occasions and between the distal right coronary and the 
right coronary arteries on one. Even though it is unlikely 
that the conclusions voiced in this article concerning their 
functional significance will be changed, it will be fascinat- 
ing to watch for additional reports of such vessels, partic- 
ularly if any can be shown to carry contrast material from 
the ventricular cavities to the myocardium. 

To finish, we should examine Wearn’s early statement: 
“In certain emergencies, therefore, particularly when 
allowed sufficient time to adapt themselves the Thebesian 
vessels can take over the function of the coronary arteries.” 
Although the 50 years that have passed since it was made 
have not seen this promise fulfilled, Wearn’s work is an 
example of how a clinical demand can produce expert 
studies that advance the understanding of another disci- 
pline (in this case, anatomy) even though the early hope for 
clinical reward could not materialize. 
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In refractory ascites 
the LEVEEN Peritoneo-Venous Shunt 
can achieve dramatic results 








) 


The LEVEEN Peritoneo-Venous Shunt is an in vivo device 
containing a unique, one-way valve which permits the 
unidirectional flow of ascitic fluid from the abdomen to the 
vascular system whenever the intraperitoneal pressure 
exceeds the central venous pressure by 3 cm. of water. 


B-D and LeVEEN are trademarks of Becton, Dickinson and Company 
© 1978 Becton, Dickinson and Company | ADO83 





The LEVEEN Peritoneo-Venous Shunt can improve tr e prognosis 
of patients with ascites who become refractory to medical 
measures. It offers significant improvement in the control of 
ascites and reduces morbidity of such patients. The shunt can 
be used in ascites of varying origin. 


Removes and prevents fluid buildup 

Implanted permanently in a simple surgical procedure, the 
LEVEEN Peritoneo-Venous Shunt returns peritoneal fluid to the 
superior vena cava through a pressure-sensitive ex:ra- 
peritonea! valve. Through continuous reinfusion of the patient's 
own ascitic fluid, the shunt removes and prevents fluid buildup. 


Clinica! experience 
Postoperative improvement following insertion of the LEVEEN 
Peritoneo-Venous Shunt is often dramatic, particularly in the 
reduction of abdominal girth. Improvement is generally 
evidenced by: reduced weight, increased urine ou:put, 
improved renal function, lowered BUN and creatinine levels, 
| ETSI ds | reduced aldosterone, 

elevated plasma protein 
(with a return of the 
albumin-globulin ratio 
toward normal), and 
greater patient comfort, 
mobility and ease of 
breathing. In many 
patients with marked 
wasting before surgery, 
| "m | b S appetite is improved 

EN 5 m  — — and body mass is re- 
tion. | gained postoperatively. ' 





s " f A 
Typical girth reduction in patient after shunt installa 


Dramatic relief of symptoms. To date, the LEVEEN 
Peritonec-Venous Shunt has been placed in more -han 1,100 
patients throughout the world. In one reported series of patients 
whose serum bilirubin was less than 10mg/100 ml, who had no 
evidence of severe encephalopathy, and no recen: episode of 
upper gastrointestinal bleeding, 7196 were alive 18 months later. 
At 18 months, these survivors had exceeded the survival rate 
expected for patients with refractory ascites treated with other 
accepted methods.? 


For further information about the LEVEEN Peritoneo-Venous 
Shunt and its clinical experience, write to Ms. Peggy Harding, 
Becton, Dickinson and Company, Rutherford, N.J.. 07070, 

or call this toll free number for answers to your technical 
questions: 800-631-0174. In New Jersey call 201-460-2251. 


The LEVEEN Peritoneo-Venous Shunt. 


The reinfusion shunt controls ascites 
through continuous reinfusion of 
the patient's own ascitic fluid. 


BECTON-DICKINSON 
BD Division of Becton, Dickinson and Company 
Rutherford, N.J. 07070 , 
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Indications For Jse- 

The LEVEEN Par:oneo-Veno. s Snunt maybe 
indicated when the patient des not respond 
promptly to intensive medica management. 
The shunt is des:3ned to eliminate the 
accumulation of ascitic fluid. Shunt placement 
should be considered for treatment of ascites 
complicating:the following canditions: 

1. Cirrhosis 

2. Budd-Chiari Syndsome 

3. Chylous Ascites: 

4. Nephrogenic Ascites 

5. Biliary Atresia 

6. Amyloidosis 

7. Cryptogenic Ascites 


Contraindications For Use: 

In certain patients, the LEVEEN Feritoneo-Venous 

Shunt will not b=effective, or may be 

contraindicated 2ecause of secondary 

complications that outweigh =s benefits. These 
conditions are: 

1. Peritonitis. Ts should always be suspected 
when the peritoneal fluid isturbid. Peritcnitis can 
occur without the usual sigas and symptoms in 
patients with zscites. 

. Esophageal varices witha Recent History of 
Bleeding. !f ascites and vericeal bleeding are 
oresent concurrertly, treating the varices first 
may be indicated. 

3. Renal Failure. Tn» shunt will not reverse the 
renal damage in patients with acute tubular 
necrosis or aer types of primary renal failure. A 
iow urine sodam concentration may be the best 
indication tharthe -ubules are functional and may 
respond to a shurt. 

El 4. Bilirubin leve: above 10 mg/dl. 


Cautions: 


1. Esophageal varices without Recent Bleeding. 


in patients whose varices Fave been treated 
surgically, tneshunt may be effective. 

2. Neoplastic Ascites. The LEVEEN 
Peritoneo-Verous Shunt has been used with 
success in patients with intractable ascites 
associated wh primary ormetastatic 
intra-abdomimal neoplasnss.? The use of the 
shunt n suc^atients requires weighing the 
shunt's potennal benefits zgainst the possible 
hazard of generalized dissemination of 
neoplastic ce&lls.which are-commmonly present in 
the ascitic fwd of these patients. 

3. Associated Cardiac Disease. Cardiac patients 


may be sensiive to increased blood volume due 


to sudden reercutation o' large quantities of 
ascitic fluid. Femoval of aecumulated ascitic 
fluid from tne-abdomen arthe time of shunt 
placement mey be indicased in such patients. 


1. LeVeen, H. H. Wapnick, ©, et al: Further 
experience wth Feritonec-Venous Shunt for 
Ascites. Annais-o' Surgery, 164:574-561, 1976. 
^ 2. Wapn ck, S., 3rosberc, S. et al: LeVeen 
Continuous Feritcneal-Jugular Shunt. JAMA, 
237 131-183. 1977. 
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Calendar of Events 


1979 


May 


American Usologic Association, New York, May 
13-17. Exec Sec: Richard J. Hannigan, 1120 N 
Charles S+, Baltimore, MD 21201. 

Society for Surgery of the Alimentary Tract, New 
Orleans, May 22-23. Sec: Larry C. Carey, MD, 
Ohio State University, 410 W 10th Ave, Colum- 
bus. OH 43210. 

Neurosurgical Society of America, White Sul- 
phur Spriags, WVA, May 23-26. Sec: James 
Story, 
Sciences Center, San Antonio, TX 78284. 


June 


American Society of Colon and Rectal Sur- 
geons, H*att Regency Hotel, Atlanta, June 
10-14. Contact the administrative secretary, H. 
Gibson, 645 Griswold, Suite 516, Detroit, MI 
48226. 

American Orthopaedic Association, Doral 
Beach, Puerto Rico, June 18-21. Sec: Richard 
E. King, MD, 444 N Michigan Ave, Chicago, IL 
60611. 

Society for Vascular Surgery, Opryland Hotel, 
Nashville, Tenn, June 28-29. 

International Cardiovascular Society, Opryland 
Hotel, Neshville, Tenn, June 29-30. Sec: 
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MO, University of Texas Health . 


William Fry, MD, 5323 Harry Hines Blvd, 
Dallas, TX 75235. 


September 


American Association for the Surgery of Trau- 
ma, Sept 13-15, Drake Hotel, Chicago. 


October 


American Society for Plastic and Reconstruc- 
tive Surgery, Oct 7-12, Toronto. Contact 
ASPRS Executive Office, 29 E Madison, Suite 
800, Chicago, IL 60602. 

American Society of Anesthesiologists, San 
Francisco, Oct 20-24. Contact the executive 
secretary, J. W. Andes, 515 Busse Hwy, Park 
Ridge, IL 60068. 

American College of Surgeons, Oct 22-26, 
Chicago. Contact Edwin Gerrish, MD, ACS, 55 
E Erie St, Chicago, IL 60611. 


November 


American College of Chest Physicians, Nov 4-8, 
Houston. Contact ACCP, 911 Busse Hwy, Park 
Ridge, IL 60068 

Western Surgical Association, Nov 11-14, The 

Broadmoor, Colorado Springs, Colo. Contact 
Secretary Paul Hodgson, MD, University of 
Nebraska, Omaha, NE 68105. 
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A Simple Technique for 
Precise Small Vessel Suture 


This report describes a technique 
for accurate small-vessel closure that 
aids in preventing avoidable com- 
promise of the lumen. 

In suturing a vessel opening by this 
method, the vessel is engaged and 
held by means of a nerve hook that 
obviates the use of customary thumb 
forceps (Fig 1). The assistant holds 
sustained traction on the suture, both 
to approximate edges of the incision 
and to create the transverse lattice of 
intravascular suture segments, CC’ 


(Fig 1, 2, and 3), against which the : 


hook's foot applies pressure as it is 
gently pulled radially (Fig 1 and 3). 
The nerve hook serves not only as 
“grasping forcep” but as a jig for the 
precise selection of the points of inser- 
tion and emergence of the needle. (A 
jig is a device used to maintain 
mechanically the correct positional 


Fig 1.—Suture of vessel opening 
with nerve hook. Shunt and trans- 
verse intravascular component of 
sutures (area inside dotted lines) 
are omitted from inset. 
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Correspondence and Brief Communications 


relationship between a piece of work 
and the tools working on it and/or 
between parts of work during their 
assembly [Webster's Third Interna- 
tional Unabridged Dictionary].) The 
needle enters and emerges just 
beyond the apex of the angle of the 
heel (Fig 1, inset). The diameter of the 
instrument at the apex of the heel 
where the needle pierces the vessel 
wall determines both longitudinal 


pacing of the sutures and the 


Fig 2.—Angle of nerve hook is 
referred to as "heel"; short, 
angled segment that obtains 


"purchase" within vessel, 
"foot." Letters indicate size 
of hook used: A, small; B, 
large. Transverse lattice of 
intravascular suture  seg- 
ment, CC’. 





Fig 3.—Enlargement stows 
relationship between foot of 
hook and transverse intra- 
vascular component of su- 
ture against which foot ob- 


tains "purchase." Trans- 
verse lattice of intravascular 
suture segments (CC’). 





distance between the suture’s point of 
penetration and the margin of the 
vessel opening. 

When a small hook is used, the 
sutured zone will look as shown in both 
segments A in Fig 2. The midsection 
of the same diagram, segment B, 
shows the sutured zone when a larger 
hook is used. 

To get the “feel” of the technique 
and appreciate its simplicity, try clos- 
ing a longitudinal opening in a 6-mm 
Penrose drain thumbtacked -o a small, 
weighted block of wood. 

JOHN P. HEANEY, MD 

JOSHUA SEIDEL, MD 

JAMES FINNEY, MD 

Physicians' Plaza East Suite 220 
8042 Wurzbach 

San Antonio, TX 1822€ 
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Low Anterior Anastomosis With 
Surgical Stapler 


To the Editer I read with interest 
the article by Dr Frank J. Lepreau in 
the December 1978 issue of the 
ARCHIVES (1121479), relating his ex- 
perience with one ease of low anterior 
resection with staples. 

There is currently no reasonable 
information available that would sub- 
stantiate Dr Lepreau’s claim that a 
low anterior anastomosis is consider- 
ably simplifiec or more secure, or that 
the staples provice a cost-effective 
mode of putting bowel back together. 
We are currently involved in a 
randomized prospective study uti- 
lizing the stap'er and have performed 
over 50 low anterior anastomoses with 
this deviee. Oar experience suggests 
that although the imstrument seems to 
have certain specifie technical advan- 
tages, it certainly is not a panacea. 
This instrument should nct be re- 
garded as the most cost-effeetive way 
to reanastomize bowel. It seems inap- 
propriate to me to present the instru- 
ment in this lizht with so little infor- 
mation available. 

ROBERT W. BEART, JR, MD 
Rochester, Minn 


To the Editor.—The article by Lepreau 
in the December 1978 issue of the 
ARCHIVES (113.147€) describes a tech- 
nique for lov anterior resection using 
a mechanical stapling device. Between 
January 1978 and September 1978, at 
four of our University Hospitals, 20 
patients (16 male, 4 female) under- 
went low antericr resections per- 
formed with the auto suture model 
EEA Anastomotic Stapler. The re- 
sected lesions were 8 to 13 cm above 
the ana! verge, and the completed 
anastomosis was 5 to 8 em above the 
anal verge. Four patients required 
loop transverse colostomies at the 
time of reseetion because of technical 
difficulties with the anastomosis. 

Posteperatively there were ten clin- 
ically apparent anastomotic leaks. 
Three were treated with loop trans- 
verse colostomies and seven were 
managed conservatively. All of the 
loop colastomies (seven) were ulti- 
mately clesed. All patients (20) were 
ultimately een£inent. 

The technieal difficulties are as 
outlined by Lepreau. We have also 
encountered difficulty in using the 
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Keith needle and the purse-string 
instrumeat, especially in male pa- 
tients wich narrow pelves. We agree 
that a swivel joint at the handle 
attachment would be a significant 
improvement. We now place the 
purse-str ng freehand, using a 0 silk 
suture. Adequate bowel length must 
be brougat into the pelvis to allow a 
tensionless anastomosis. The ends of 
the distal colon and rectal stump 
should be stripped to clear the bowel 
wall. 

Improvements in instrument de- 
sign for easier handling, larger sta- 
ples for thick bowel walls, and a swivel 
joint at tae handle of the purse-string 
instrument might increase the me- 
chanical stapler’s applicability in low 
anterior -esections. 

JAMES S. DonsEv, MD 
R. M. STONE, MD 
Toronto 


Rectal Stump Tumor Fragments in 
Low Anterior Resections: 
A Case Report 


The problem of suture line recur- 
rence folbwing resection for cancer of 
the colon has been well recognized by 
surgeons for many years. Many 
authors nave documented this fact, 
and the incidence has been reported to 
vary from 1% to 36%. Cole' and Goligh- 
er’ first implicated intraluminal tu- 
mor cells dislodged at the time of 
mobilization of the tumor at operation 
and deposited at the fresh anastomo- 
sis suture line as a factor in this 
recurrence. 

That residual tumor indeed may be 
manipulated into the bowel lumen was 
reemphasized during a recent low 
anterior -esection. 


Report cf a Case.— A 68-year-old man was 
seen with a large adenocarcinoma at the 
peritoneal reflexion extending into the 
pelvis. It was elected to do a low anterior 
resection rather than a Miles operation 
because there was sufficient normal bowel 
below the tumor after mobilization and 
because o: the availability of the recently 
developed End-to-End Anastomosis Surgi- 
cal Stapling Instrument (EEA-31) to effect 
an end-to-end anastomosis. 

The size of the tumor and its location 
made it impossible to place a tape ligature 
distal to the tumor until after considerable 
manipulation and mobilization had been 
accomplished; it seemed reasonable to 
assume that tumor cells could have been 
dislodged distally. Therefore, prior to 
insertion of the EEA-31, the anus was 


dilated and the rectal stump opened and 
thoroughly irrigated with distilled water 
from within the abdomen. Several large 
fragments of tumor, 2 to 3 cm in diameter, 
were removed from the anus by irriga- 
tion. 


Comment.—Although many factors | 
in addition to the residual intralumin- 
al cancer cells have been indicted in 
anastomotic recurrence of colon can- 
cers, it is generally agreed by most 
surgeons that leaving tumor cells in 
the region of a fresh anastomosis is 
undesirable. 

This communication is written to 
reemphasize the point that, unless 
proper precautions are taken, tumor 
cells may be left in the rectal stump in 
low anterior resections. This is partic- 
ularly important because the recent 
development of the EEA-31 should 
increase the number of anterior resec- 
tions, since previously difficult anas- 
tomoses deep in the pelvis may now be 
done with minimal difficulty. Residu- 
al tumor cells in the rectum in the 
combined operation are not important 
because they are removed with the 
specimen, and there is no anastomosis. 
In a low anterior resection, such is not 
the case. 

Therefore, it is recommended that 
in all low-lying cancers of the rectum 
and the rectosigmoid, where anasto- 
mosis rather than a combined opera- 
tion is planned, and where a tape has 
not been secured distal to the tumor 
prior to mobilization, the distal stump 
be thoroughly cleared of residual 
tumor fragments. This can easily be 
accomplished by anal dilation and by 
irrigation from within the abdomen 
through the rectum, out the anus and 
away from the operative field, thus 
avoiding intraperitoneal, bacterial, 
and/or tumor contamination. The 
anastomosis may then be accom- 
plished with reasonable assurance 
there will be as few as possible residu- 
al tumor cells in the distal rectum. 

C. WILLIAM LouGHRy, MD 
WILLIAM H. FIEGENSCHUH, MD 
Akron, Ohio 
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Correctable Vascular Disease as a 
Cause for Late Amputation 
Stump Breakdown 


Late skin problems developing in 
the amputated extremity are most 
often attributed to inappropriate or 
malfitting prosthetic devices. That 
the problem might be secondary to a 
correctable vascular lesion is seldom 


Aortograms demonstrate severe aortoiliac 
disease with total occlusion of right exter- 
nal iliac artery and reconstitution of 
profunda femoris and superficial femoral 
arteries. 
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considered. In fact, a search of the 
medical literature of the past ten 
years failed to identify such a case. 
This report describes a case in which 
revaseularization resulted in imme- 
diate healing of an ulcerated, below- 
knee stump. 


Report of a Case.—A 5T-year-old man 
sustained trauma to his right leg in 1944, 
which resulted in a below-knee amputa- 
tion. Using a below-knee prosthesis, he 
walked without difficulty for approximate- 
ly 12 years. At that point, skin problems 
developed in the stump, requiring revision. 
He again did well for approximately 12 
years, at which time necrosis of a portion 
of the skin over the distal stump developed. 
This failed to respond to local measures. 
Examination disclosed a very weak right 
femoral pulse, with no pulses below that 
level. Pulses in the left lower extremity 
were normal. That the skin necrosis might 
be secondary to ischemia was suggested. 
An arteriogram (Figure) demonstrated 
total occlusion of the right external iliac 
artery with reconstitution of the profunda 
femoris and the superficial femeral. The 
stump was obviously being supplied by 
collaterals. He underwent resection of a 
small aortic aneurysm and an aortobifemo- 
ral bypass without difficulty. This was 
followed by rapid healing of the necrotic 
area, without revision or grafting. He was 
fitted with a new prosthesis and is, at 
present, walking without difficulty. 


Comment.—Immediate postamputa- 
tion skin problems are often recog- 
nized as ischemic in origin and may 
require revision to a higher level. 
However, ischemia as a cause for late 
stump problems is seldom considered. 
The significant functional advantage 
of a below-knee over an above-knee 
amputation makes it imperative that 
all avenues that might preserve a 
below-knee stump be explored. A care- 
ful evaluation of pulses in the ampu- 
tated extremity with skin ulceration 
should be routine. If a decision regard- 
ing the vascular status cannot be 
made on the basis of the physical 
examination, an arteriogram should 
be obtained. If a vascular lesion is 
identified and corrected, rapid healing 
of the area of necrosis can be antici- 
pated. 

DUANE G. Hutson, MD 

University of Miami Medical 
School 

PO Box 520875, Biscayne Annex 

Miami, FL 33152 


1. MeCollough NC, Shea JD, Warren WD, et al: 
The dysvascular amputee. Curr Prob Surg, Octo- 
ber 1971, pp 1-67. 


Correspondence and Brief Communications 


Tablets 


PERCODAN 
oxycodone with APC (È 


Tablets 


PERCODAN-Demi 


oxycodone with APC (È 


Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to moderately severe pain. 


CONTRAINDICATIONS Hypersensitivity to oxycodone, aspirin, phenacetin or 
caffeine. 


WARNINGS Drug Dependence Oxycodone can produce drug dependence of 
the morphine type and, therefore, has the poten ial for being abused. 
Psychic dependence, physical dependence and tolerance may develop 
upon repeated administration of PERCODAN® and FERCOBAN*-Demi, and 
it should be prescribed and administered with the -ame degree of caution 
appropriate to the use of other oral narcotic-contaming medications. Like 
other narcotic-containing medications, PERCODAN* ard PERCODAN* 

Demi are subject to the Federal Controlled Substanees Act 


Usage in ambulatory patients Oxycodone may impair the mental and/or 
physical abilities required for the performance of potentially hazardous 
tasks such as driving a car or operating machinery. The patient using 
PERCODAN* and PERCODAN®-Demi should be cautioned accordingly. 


interaction with other central nervous system depressants Patients 
receiving other narcotic analgesics, general anestaetics, phenothiazines, 
other tranquilizers, sedative-hypnotics or other CNS depressants (includ- 
ing alcohol) concomitantly with PERCODAN* and PERCODAN*-Demi may 
exhibit an additive CNS depression. When such combinec therapy is con- 
templated, the dose of one or both agents should be reduced. 

Usage in pregnancy Safe use in pregnancy has nof been established rela- 
tive to possible adverse effects on fetal development. Therefore, 
PERCODAN® and PERCODAN®-Demi should not be used in pregnant 
women unless, in the judgment of the physician. the potential benefits 
outweigh the possible hazards 


Usage in children PERCODAN* should not be administered to children 
PERCODAN®-Demi, containing half the amount of »xycodone, can be con- 
sidered 


Salicylates should be used with caution in the presence cf peptic ulcer or 
coagulation abnormalities. 


PRECAUTIONS Head injury and increased intracranial pressure The res- 
piratory depressant effects of narcotics and ther capacity to elevate 
cerebrospinal fluid pressure may be markedly exaggerated in the presence 
of head injury, other intracranial lesions or a p»e-existing increase in 
intracranial pressure. Furthermore, narcotics procuce adverse reactions 
which may obscure the clinical course of patients with head injuries. 
Acute abdominal conditions The administration of PERCODAN® and 
PERCODAN®-Demi or other narcotics may obscure the diagnosis or clini- 
cal course in patients with acute abdominal conditons. 


Special risk patients PERCODAN® and PERCOLAN*-Demi should be 
given with caution to certain patients such as the elder'y or debilitated, 
and those with severe impairment of hepatic or renal function, hypothy- 
roidism, Addison's disease, and prostatic hypertropay or urethral stricture. 
Phenacetin has been reported to damage the kdneys when taken in 
excessive amounts for a long time. 


ADVERSE REACTIONS The most frequently observed adverse reactions 
include light-headedness, dizziness, sedation, aausea and vomiting. 
These effects seem to be more prominent in ambulatory than in nonambu- 
latory patients, and some of these adverse reactions may be alleviated if 
the patient lies down. 

Other adverse reactions include euphoria, dysphoria, constipation and 
pruritus. 

DOSAGE AND ADMINISTRATION Dosage should be adjusted according to 
the severity of the pain and the response of the patient. t may occasion- 
ally be necessary to exceed the usual dosage recommended below in 
cases of more severe pain or in those patients whe have become tolerant 
to the analgesic effect of narcotics. PERCODAN® and PERCODAN®-Demi 
are given orally, 
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Atlas of Surgery in the First Six Months of Life, 
by S. Frank Redo, $27.50, 188 pp, with 300 
illustrations, Hagerstown, Md, Harper & Row 
Publishers Inc, 1978. 

Dr Redo has put together a very 
neat atlas about surgical procedures 
for infants 6 month of age and young- 
er. The book is concise and the format 
of having the explanatory text on the 
left page and the illustration on the 
right page is clean and readable. 
Perhaps it is inherent in an atlas of 
surgery that areas of surgical contro- 
versy are presented with no alterna- 
tives; ie, in the approach to duodenal 
atresia, direct anastomosis and plastic 
procedures are possible and often 
useful. Vertical vs transverse incisions 
and the method of closure with and 
without through and through sutures 
are controversial, and elucidation of 
the alternative methods would be 
helpful. In the discussion of intestinal 
anastomoses, it would be helpful to 
the general surgeon and the resident 
surgeon as well as students reading 
this volume if the indications and 
applications to various aspects of 
surgical abnormalities of the newborn 
were clearly outlined. In spite of these 
criticisms, this book has much to offer 
and will provide useful guidelines on 
the spot for many surgeons and surgi- 
cal trainees. The author is to be 
commended for his approach to these 
various problems and to the produc- 
tion of this valuable volume. 

JUDSON C. RANDOLPH, MD 
Washington, DC 


Critical Surgical Care, edited by John S. Naja- 
rian and John P. Delaney, $29.95, 671 pp, New 
York, Stratton Intercontinental Medical Book 
Corp, 1977. 

Critical Surgical Care should not be 
considered to be an attempt to provide 
a textbook for the student or practi- 
tioner who wishes to learn de novo 


642 Arch Surg—Vol 114, May 1979 


about this topic. Rather, it is an 
attractive concept in which lectures 
given in a continuing education course 
are edited to provide an up-to-date 
coverage of controversial areas and 
recent advances. The style is therefore 
much more pleasant than a standard 
textbook type since the authors' opin- 
ions and approaches are very much in 
evidence. This results in a boox that is 
both pleasant to read and easy to learn 
from. 

There were significant dif'erences 
of opinions expressed in various chap- 
ters and one would have liked to hear 
some debate such as the usual panel 


‘discussion at meetings. This could 


have provided the reader with some 
insight as to which of the opinions he 
wished to make his own. One signifi- 
cant drawback, in my opinion, was 
that the areas of airway control and 
respiratory failure were not presented 
with as current an approach 2s might 
be found in critical care or aresthesi- 
ology circles. 

The book will be a satisfying experi- 
ence to read; it will be a reasonable 
leadoff point to follow up from the 
bibliographies so that you can achieve 
greater depth in particular areas. It 
should not be considered a comprehen- 


sive textbook, but this is not to be 


considered a limitation since the 
intent was clearly stated. Since not 
everyone can attend every major 
symposium, this gives the reader an 
opportunity to partake in the davor of 
the symposium in his own home. 
JOSEPH M. CivETTA, MD 
Miami 
Advances in Cardiopulmonary Resuscitation, 
edited by Peter Safar, $22.50, 302 pp, New York, 
Springer-Verlag, 1977 
To take a fresh look at past, present, 
and future trends and priorities in 
cardiopulmonary resuscitation, as well 


as to implement new knowledge, a 
group of 24 pioneers of modern cardio- 
pulmonary resuscitation met for two 
days at James Jude’s Wolf Creek 
Lodge in the mountains of northern 
Georgia. The meeting was initiated by 
James Elam. Peter Safar as editor and 
James Elam as associate editor have 
done a monumental task in bringing 
together the various contributions in a 
trenchant format. Their editorial com- 
ments at the ends of various chapters 
further add to the vitality of the over- 
all effort. There is extensive cross- 
fertilization between the various dis- 
ciplines represented, and this is done 
in such a manner as to significantly 
contribute to reader interest in the 
presentation. 

The book has been divided into 
eight parts. James Jude begins with a 
broad overview of cardiac arrest, 
using the pathophysiologic approach 
for his “cardiac arrest circle,’ and 
including etiologic, preventive, and 
therapeutic considerations. Rounding 
out this section on the prearrest peri- 
od, Louis DelGuercio and Leon Resne- 
kov present provocative discussions of 
the physiologic basis for predicting 
irreversible cardiac arrest and the 
surveillance of dysrhythmias, respec- 
tively. The search for an ideal long- 
term prophylactic medication contin- 
ues. In the discussion, a lively debate 
on the pros and cons of the use of 
atropine in bradyarrhythmias en- 
sues. 

A concisely presented section on 
airway obstruction and respiratory 
arrest is presented by pioneers whose 
contributions are most significant. 
Appropriately, this begins with an 
overview of the sequential steps in 
emergency airway control by Peter 
Safar and moves briskly into methods 
of opening the airway and into partic- 
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ular techniques of handling foreign- 
material obs-ractien, which :s written 
by Archer Gcrdon and Charles Guildn- 
er and associates from their re- 
spective institutions. The reader will 
find zhese chapters superb in their 
discussion of tne comparative quanta- 
tive data on relative merits of tech- 
niques for tne “artificial cough,” eg, 
abdominal, icw-ckest and midchest 
thrusts. Guildmer’s data, as well as 
Gorden’s, indiate that marual chest 
compression procuces higher flow 
rates than does Heimlich’s zbdominal 
thrust methoc. Physiologic data sup- 
port the effeet veness of back blows to 
loosen foreign bedies. The present 
status of criecthyrotomy is reviewed. 
Drs Gordon end James Elam (with 
associates) complete this section with 
cogent considerations of an improved 
esophageal obturator airway and an 
esophageal pharyngeal airway, as well 
as baz-mask-valve ventilation. 

. Continuing a nicely defined distinc- 
tion from respiratory arrest, the 
section om creulatory arres: is intro- 
ducec and concluded by Eugene Nagel 
and asseciates’ elucidation ef prehos- 
pital arrest, cbse chest resuscitation, 
and admittedly controversial, there- 
fore challenging, ideas on EMT man- 
agement of hypovelemia. The continu- 
ing question of the value of precordial 
thumping is addressed head-on by 
Joseph Redding with agreament by 
most of the »cnferees. 

It is, indeed at such junctures of the 
established wth the arcane that the 
editors max=mize the effectiveness of 
the interactiv2 theughts they present 
here—as opposed to monographie or 
textbook approaches, which most of 
these men have also contributed to the 
literature. Here, a lively discussion 
leads the reader te vicariously partici- 
pate in the delightful informality of 
this mountzim seminar and ends in 
typically provocative editcrial com- 
ment about matiers that may yet 
come to pass. In sach challeage to the 
reader the boek would seem to rather 
set itself apart. 

The eireuletory arrest section is 
ably rounded out by Larry Birch’s 
treatment of mecaanical compression 
and ventilatien during resuscitation, 
and I comtr:butec the section on the 
current statis of open-chest tech- 
niques. 

Preceeding to the pharmacologic 
aspect ef resuscitation, Dr Redding 
comprehens-v2ly addresses overall 
philosophy wnile Drs Resnekov and 
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Elam particularize the presentation to 
vasoactive supportive drugs and the 
use of the intrapulmonary administra- 
tive rout2, respectively. Donald Dem- 
bo details the electrophysiologic prin- 
ciples of antiarrhythmic medication 
and Chrsten Rattenborg effectively 
compares the use of THAM with the 
use of bcarbonate in apnea-induced 
hypercar»ia. 

If “Electrocardiography, Pacing, 
and Defi»rillation" sounds like anoth- 
er of the "wastebasket designations" 
we customarily encounter in this disci- 
pline, in the hands of this editor it 
becomes an indeed cogent presenta- 
tion of tae place of electrocardiogra- 
phy by Dr Redding, of external 
cardiac stimulation by Paul Zoll, and 
of defibrillation energy and wave 
forms by Guy Knickerbocker. Low- 
energy defibrillation is further ex- 
plored as it relates to esophageal elec- 
trocardicgraphy by Elam and in its 
spontaneous and refractory aspects by 
Stephenson. 

Advances in cardiopulmonary re- 
suscitation have evolved from a var- 
iety of cisciplines, starting with the 
work of Morris Schiff, physiologist. 
Then cane a period of major contribu- 
tion frem surgeons and anesthesiolo- 
gists. The last decade has seen the 
cardiologist involved increasingly. We 
now ar» entering a decade of 
increased interest in the value of cere- 
bral resuscitation. It is to this end that 
the sixth section on immediate postre- 
suscitation is primarily concerned. 

The sixth section is devoted to the 
immediate postresuscitative period 
with treatment by Drs Safar and 
Edwin Nemoto and associates of 
amelioration of postischemic-anoxic 
brain damage by reflow promotion 
and by the use of thiopental. Incisive 
recommendations for postresuscita- 
tive intensive therapy are made by Dr 
Safar. An appraisal of the microcircu- 
lation in cardiopulmonary resuscita- 
tion by me concludes the section. 

The p2nultimate group of chapters 
includes thoughts on massive hemor- 
rhage ir resuscitation, Jerome Mod- 
ell's current ideas on the ever-chang- 
ing chellenge of near drowning, 
James vans’ presentation of the 
frequently bypassed subject of intrau- 
terine -etal resuscitation, Asmund 
Laerdal'" definitive listing of the 
quantitetive goals in teaching cardio- 
pulmonery resuscitation, and Robert 
Huber's consideration of the legal 
aspects 5f cardiopulmonary resuscita- 


tion. 

A truly serendipitous concluding 
section offers the reader even more 
than he would expect from the entitle- 
ment "Historic Vignettes." Here, Drs 
Resnekov, Knickerbocker, Leighnin- 
ger, Elam, Safar, Redding, Jude, 
Birch, and Zoll delve imaginatively, 
reminisce a bit, and bring up the 
expected pearls from such topics as 
the contributions of Claude Beck, 
rediscovery of expired-air methods, 
and particularly the contributions of 
William B. Kouwenhoven, to whose 
memory the book is respectfully co- 
dedicated. 

The reader should find this volume 
anything but boring. It is clear, 
concise, and lively in its flow, as well 
as being highly informative. Already 
there is talk of a future Wolf Creek 
Conference on cardiopulmonary-cere- 
bral resuscitation. Editor Safar specu- 
lates that resuscitology may soon see 
more quantitative methods of evaluat- 
ing education, care process, and care 
outcome. As the scope of resuscitation 
broadens, societal concerns emerge 
that may need increasing input from 
philosophers, sociologists, anthropol- 
ogists, psychologists, psychiatrists, 
economists, lawyers, and the clergy. 
In the meantime, this volume should 
help the reader to become current 
with the present state of the art and 
science of resuscitology. 

HUGH E. STEPHENSON, JR, MD 
Columbia, Mo 

Surgery of the Intestines (in English), by S. 
Drobni, $31.00, 502 pp, with 164 illustrations, 
Budapest, Publishing House of the Hungarian 
Academy of Sciences, 1978. 

In this volume, which is in English, 
Professor Drobni records his exten- 
sive experience in surgery of the 
intestinal tract as practiced at Sem- 
melweis Medical College, Budapest. 
Emphasis is placed on the basic princi- 
ples of diagnosis, treatment, and 
postoperative care of congenital 
anomalies and diseases encountered 
from the duodenum to the anal canal. 
Included in the discussion for balance 
is material from the pediatric services 
of the hospital. 

À sequential account of the nature 
and management of the abnormality 
found at the various levels of the 
intestinal tract is presented. Of spe- 
cial merit are chapters on the colon 
and rectum, for many years an area of 
particular interest to the author. His 
voluminous experience with ulcerative 
disease, familial polyposis, and colo- 
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rectal cancer is detailed. He is an 
advocate of radical surgery in dealing 
with cancer and is an enthusiast of the 
pull-through operation for cancer of 
the rectum, in which the five-year 
survival results are as good as for the 
combined abdominoperineal resection, 
and in which the mortality is lower 
than for either the Miles procedure or 
the anterior resection and anastomo- 
sis. Anal sphincter competence is 
complete in 76.6% of the cases. 
Professor Drobni introduces a new 
type of knife for resecting liver 


.metastases. Presented at a time when 


there is a growing interest in this 
approach to increasing salvage from 
colorectal cancer, the "plexi knife" 
method of resection may simplify the 
removal of metastases. 

The format of this 502-page volume 
is precise and direct. Beautifully 
published by the Hungarian Academy 
of Sciences, it is fully indexed by 
subject and author, and contains 65 
pages of references to pertinent 
papers in the world literature. 

GORDON A. DONALDSON, MD 
Boston 


Coronary Artery Surgery, by John L. Ochsner 
and Noel L. Mills, $25, 275 pp, Philadelphia, Lea 
& Febiger Publishers, 1978. 

The Ochsner Clinic has played a 
leading role in the development of 
coronary artery surgery in the United 
States, and in Coronary Artery Sur- 
gery, Ochsner and Mills lucidly de- 
scribe the philosophy and technique of 
the surgical management of coronary 
artery disease in their unit. 

This is a luxuriously printed book, 
with wide margins and large print. 
The line drawings are exceptional and 
explicitly complement the very clear 
prose explanation of myocardial path- 
ophysiology and surgical technique. 
There are an excellent short historical 
outline and good discussions of the 
angiographic and surgical anatomic 
findings in coronary artery disease. 

The monograph does rely heavily on 
many locally important points of view, 
and specifically those involving the 
Ochsner Clinic’s willingness to use 
allogeneic saphenous vein grafts, vein 
patch angioplasty, and their disinter- 
est in venting the left side of the 
heart. The authors are most explicit in 
describing their method of "myocar- 
dial protection,” claiming that it has 
prevented operative myocardial in- 
farction. Their use of the venous 
valvulotome is not widely practiced, 
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and the role of valvulotemy in 
preventing vein graft occlusion has 
not been tetally documented. 

The section on postoperative man- 
agement provides an excellent outline 
for a general approach to postopera- 
tive management, although, in this 
area also, many of the statements 
tend to be somewhat parochial and not 
substantiated by the modest bibliog- 
raphy. 

Coronary Artery Surgery is, there- 
fore, an outstanding description of the 
methods used by one very suecessful 
cardiac surgical group. The rather 
limited bibliography precludes its use 
as a standard reference book regard- 
ing coronary artery surgery, but it 
will be extremely useful in a surgical 
unit’s library for instant reference by 
students, residents, and cardiology 
fellows interested in a well-written 
and well-devised explanation of the 
techniques and philosophy basic to the 
surgical care of patients with coro- 
nary artery disease. It is a book skill- 
fully written for “those new te cardi- 
ology and cardiac surgery,” as is 
mentioned by the authors in the 
preface. 

M. TERRY McENANY, MD 
Providence, RI 
Infant and Child Care in Heart Surgery. by R. M. 


Sade, D. M. Cesgrove, and A. R. Castaneda, 190 
pp, Chicago, Year Book Medical Publishers, 
1977. 


This book on the care of pediatric 
cardiac surgical patients provides a 
much-needed quick reference source 
for the commonly encountered prob- 
lems in this rapidly developing field of 
cardiac surgery. No attempt is made 
to provide an exhaustive review of the 
subject, but the state of the art as 
practiced at Children’s Hospita! Medi- 
cal Center (CHMC) in Boston, is 
presented with lucidity and brevity. A 
manual of preoperative and postoper- 
ative care has been used at CH MC for 
many years and succeeding genera- 
tions of residents have contributed to 
the evolution of this book. 

It is divided into four parts. which 
cover preoperative, intraoperative, 
and postoperative management and 
also the treatment of postoperative 
complications. An excellent brief in- 
troductory chapter describes the cur- 
rent surgical approach at CHMC to 
the more common congenital enoma- 
lies with clear explanatory diagrams 
that will be helpful to the novice in the 
field. Emphasis is placed throughout 
the book on the treatment of neonates 


and infants, and the technique of deep 
hypothermia and cireulatory arrest as 
practiced by the authors is fully 
described. The book includes excellent 
chapters on anesthesia for pediatrie 
cardiac surgery, respiratory manage- 
ment, and the treatment of arrhyth- 
mias. Each chapter has a shcrt list of 
selected references for further study. 
An extensive appendix includes the 
doses of medications commonly used, 
normal values for a wide range of 
laboratory tests, and the standard 
forms used in the intensive care 
unit. 

This manual will prove a boon to 
house officers, nurses, and medical 
students participating in the care of 
pediatric cardiac surgical patients. 
Cardiologists, surgeons, and anesthe- 
siologists will find it useful to 
compare their techniques with those 
described. It is hoped that subsequent 
revisions of this excellent mznual will 
keep it up to date with progress in this 
rapidly changing field. 

HILLEL Laks, MD 
New Haven, Conn 

Pediatric Surgery Case Studies, by John R. Lilly, 

Kathryn D. Anderson, David C. Hitch, and Ann 


M. Kosloske, 331 pp, New York, Medcal Exami- 
nation Publishing Co Inc, 1978. 


As emphasized by the authors in the 
Preface, general surgeons are ex- 
pected to have an understaading of 
common pediatric surgical problems 
and their appropriate management. 
In this relatively short book, the 
authors try to provide a comprehen- 
sive review of less commonly encoun- 
tered entities in the pediatric age 
group, in addition to discussiag situa- 
tions usually handled by the general 
surgeon, such as pediatric hernias or 
appendicitis. The format is that of 
case studies, and the reader is 
presented with several possible an- 
swers to each question. Alternative 
answers are discussed in detail and 
most of them are well refereaced. 

The scope of the problems ciscussed 
is quite wide, ranging from neonatal 
surgical emergencies such as tra- 
cheoesophageal fistula, midgut volvu- 
lus, intestinal atresia, meconium ileus, 
or imperforate anus, to selected prob- 
lems in pediatric cardiothoracic, uro- 
logic, orthopedic, and otolaryngologic 
surgery. Pediatric surgical endocrine 
problems, including thyrotoxicosis, 
medullary carcinoma of the thyroid, 
and pheochromocytoma, are well cov- 
ered. The review of testictlar and 
ovarian tumors is succinct and illumi- 
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nating. This array »f topies provides a 
stimulating opportanity to learn more 
about the surgical problems particular 
to the pedia-ric age group, problems 
not usually or suticiently discussed 
during the training period of general 
surgical residents. Exstrophy of the 
bladder, sarcoma botryoides, and the 
more common problem of peritonsillar 
abscess with its potentially serious 
complications are well presented. 
There are up-to-date discussions of 
contemporary proolems such as the 
battered child syncrome, emphasizing 
the need for a high index of suspicion, 
and the neec to consider the possibili- 
ty of postspleneccomy sepsis when 
managing splenic injuries in a pediat- 
ric patient. There is even a section on 
the use of tae intraluminal shunt in 
the management o? suprahepatic vena 
caval injuries. ‘ 

In attempting to eover this much 
material in a book ef this size, the 
authors had to be selective. Certainly, 
every pediatric surgieal problem can- 
not be mentioned er discussed in 
depth. Still, ther2 are errors and 
misinformation that, one hopes, will 
be corrected in the next edition. For 
example, the chest x-ray on page 23 is 
misleading in that there is no air in 
the stomach of this patient purported 
to have escphageal atresia with a 
distal tracheoesopaageal fistula. One 
has the impression that the indica- 
tions for exploration of the contralat- 
eral side in pediatric hernias are still 
nebulous, even taough in practice 
most surgeons new do explore the 
contralatera. side cf patients less than 
2 years oid. -leostcmy certainly is not 
indicated if one has to perform a 
major small bowel resection for mid- 
gut volvulus (pp 44-46); an end-to-end 
anastomosis with a gastrostomy 
seems to be more reasonable. Not all 
patients with meconium ileus will 
have cystic fibross, and not enough 
emphasis is made in differentiating 
complicated from uncomplicated me- 
conium ileus. The mportance of early 
exploration in cases of suspected 
congenital biliary atresia is not 
stressed sufficiencly, as most sur- 
geons now prefer to explore before 
the patient reaches 2 months of age. 
In the managerrent of congenital 
diaphragma-ie hernia, most surgeons 
prefer to intubate the patient's tra- 
chea immediately to avoid further 
gastrointestinal d stention and respi- 
ratory distress. Naturally, as properly 
emphasized by the authors, one has to 
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avoid excessive positive pressure that 
may cause a fatal pneumothorax. The 
section ox total parenteral nutrition in 
connecticn with gastroschisis is unfor- 
tunately too brief, and no mention is 
made of the use of hypertonic saline 
solution in treating burn patients. The 
authors zlso fail to consider positive 
end-expiratory pressure ventilation in 
the maragement of posttraumatic 
pulmonary insufficiency. 

This book is not meant to be a 
combinec textbook of pediatrie sur- 
gery, pediatric urology, orthopedics, 
otolaryngology, and pediatric cardio- 
thoracic surgery. It is a review book 
and, as such, has accomplished its 
stated purpose: to provide the general 
surgeon with a refreshing way to get 
acquainted or reacquainted with prob- 
lems afecting the pediatric age 
group. To get the most out of this 
book, however, one has to be aware of 
the shortcomings outlined above, and 
one shou d be willing to pursue topics 
of interest in more depth. I recom- 
mend ths addition to the Case Study 
series to the general surgical resident 
preparinz for the American Board of 
Surgery 2xamination and to the pedi- 
atrician and general surgeon practic- 
ing in pr mary and secondary medical 
facilities who may be called on to 
evaluate pediatrie surgical problems. 

CHAU V. DANG, MD 
New Haven, Conn 

Postcholeystectomy Syndromes: A Clinical Ap- 
proach to E3iology, Diagnosis, and Management, by 
Clarence J. Schein, 264 pp, New York, Harper & 
Row Publisners Inc, 1978. 

In his »reface, Dr Schein states that 
"the incidence of postcholecystectomy 
dissatisfaction is in the 10-30% range" 
and prepares us for "the first compre- 
hensive consideration of the entire 
spectrum of postcholecystectomy dis- 
orders." In fact, the book turns out to 
be as amorphous as those introductory 
commen:s. It is an inclusive potpourri 
of anatomy, physiology, clinieal expe- 
rience, case reports, and specific tech- 
nical details relating not only to the 
postcholecystectomy state but to pan- 
creatic cancer, acute and chronic 
pancreafitis, common duct stones, cho- 
lecystostomy, cholecystoenterostomy, 
and, in short, anything that seems 
vaguely related to the gallbladder, 
whether or not it has been removed. 
Unhappily, one also suspects that 
sections have been added to inflate 
the text to book size (eg, technical 
details cf endoscopic retrograde cho- 
langiopancreatography and percuta- 


neous transhepatic cholangiography). 

The book is neither systematically 
constructed nor well organized for 
reference when specific problems are 
of interest. The material related to a 
given topic is often spread in bits and 
pieces in different areas. In order to 
pick up all the pieces it is necessary to 
read the book through, rather than 
refer to an appropriate section from 
the index or table of contents. Some 
topics are placed unaccountably. For 
example, postoperative pancreatitis 
and ischemic injury to the pancreas 
are discussed under “lymphogenous 
disorders” in the pancreatitis chapter. 
The book often reads as if it were 
composed by stringing together para- 
graphs from file cards: the process of 
putting them together end-to-end has 
been somewhat erratic. 

There is undue weight given to 
some of the author’s pet views. For 
example, much emphasis is placed on 
evaluation of common bile duct pres- 
sure (manometry) and flow through 
the sphincter of Oddi (debimetry). The 
validity of these procedures is not 
universally accepted by any means, 
however, and the equipment is far 
from universally available. Another 
example: hepatic plexus vagotomy in 
the treatment of postcholecystectomy 
pain is presented as if it were an 
accepted technique, although the au- 
thor predicates its use on such tenuous 
concepts as the “bilious personality” 
and the influence of stress on the 
choledochal sphincter. 

The book is also weak technically. 
There are several instances of misla- 
beling of figures and misnumbering 
of references. The figures are of fair 
quality, but the legends are verbose 
and unclear. The references tend to be 
old, the great majority predating 
1970. The list of monographs adds 
nothing but pages, and the section on 
case reports in almost all instances 
exactly duplicates material used in 
previous chapters. 

Ultimately, this book represents the 
personal views of its author and 
reflects his extensive experience. For 
the clinician interested in the prob- 
lems of the biliary tract, it provides 
some interesting reading and sub- 
stance for honest controversy. It is 
less useful as a definitive statement or 
even as a State-of-the-art document 
on the subject of postcholecystectomy 
syndromes. 

ANDREW L. WarsHAW, MD 
Boston 
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+.. 1t has long been recognized tnat anxiety, tension, agitation, ania apprenerision afe au capavie 
of increasing pain perception...” 


Halpern, L. M.: Anxiety and pain in postoperative patients. Hospital Practice (special report) January 1977, pp 31- 


Following surgery... 
the perception of pain diminishec 
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postoperatively 
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the anxiety that may heighten the 
perception of postoperative pain 

e may enhance the effects of analgesics 
and reduce narcotic requirements 


e controls postoperative emesis 


e vital signs are seldom impaired 
(Involuntary motor activity, includ- 
ing rare instances of tremor and 
convulsions, has been reported, 
usually with higher than recommen- 
ded dosage.) 
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subcutaneously, intra-arterially, or intravenously. 

Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit, induced fetal abnormalities 
in the rat at doses substantially above the human 
therapeutic range. Since adequate data are not 
available to establish safety in early pregnancy, 
hydroxyzine is contraindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE 
THE ACTION OF CENTRAL NERVOUS SYSTEM 
DEPRESSANTS SUCH AS NARCOTICS AND 
BARBITURATES. In conjunctive use, dosage for 
these drugs should be decreased as much as 50°/s. 
Because drowsiness may occur, patients should 
be cautioned against driving a car or operating 
dangerous machinery. The usual precautions for 
intramuscular injection should be followed; soft- 
tissue reactions have rarely been reported when 
proper technique has been used. Hydroxyzine 
intramuscular solution should be injected well 
within the body of a relatively large muscle. Inad- 
vertent subcutaneous injection may result in signif- 
icant tissue damage. In adults, the preferred sites 
are the upper outer quadrant of the buttock (i.e., 
gluteus maximus), or the mid-lateral thigh. In 
children, preferably the mid-lateral muscles of the 
thigh. In infants and small children, the upper outer 
quadrant of the gluteal region should only be 
used when necessary, as in burn patients, in order 
to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if 
well developed, such as in certain adults and older 
children, and then only with caution to avoid radial 
nerve injury. Intramuscular injections should not 
be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid 
inadvertent intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it 
is usually transitory and may disappear in a few 
days of continued therapy or upon dosage reduc- 
tion. Dryness of the mouth may occur with higher 
doses. Involuntary motor activity, including rare 
instances of tremor and convulsions, has been 
reported, usually with doses considerably higher 
than those recommended. 
Supply: Vistaril (hydroxyzine HCl) Intramuscular 
Solution: 25 mg/ml—10 ml vials; 50 mg/ml—2 ml 
and 10 ml vials; Isoject®, 25 mg/ml and 50 mg/ml— 
1 ml fill; 100 mg/2 ml—2 mi fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg/ml, 
10 ml vials) 

VA Depot: NSN 6505-00-052-1367B (50 mg/ml, 
10 ml vials) 


More detailed professional information available 


on request. qm 
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Well-ncurished patients generally withstand tne stress of 
uncomolicated surgery and return to full activity following 
a relatively short, predictable convalescence. 


Not all patients are so fortunate, however Some confront 
surgery debilitated by malnutrition. Others ur dergo sur- 
gery with only marginal reserves of body cell mass. These 
are patients at nutritional risk—patients for whom pro- 
nounced weight loss, impaired wound-healing, sup- 
pressed immunocompetence, and increased susceptibility 
to infection are imminent possiblities in the postoperative 
period. 


How many patients are affected? Recent studies have 
concluded that as many as 5096 of a given surgical popu- 
lation and 4496 of a general medical population may be 
affected by protein-calorie malnutrition.'.2 Certainly, the 
need fcr aggressive nutritional support has b2en 
documented. 


When your assessment of a patient's nutritional status 
indicates that depleted nutritional reserves must be 
replenished prior to surgery or that additiona protein and 
energy are required postoperatively, consider... 





ENSURE? Liquid Nutrition 
complete. ba anced nutrition (1 Cal/ml) for most surgical 
patients 


ENSURE * PLUS High Calorie Liquid Nutritior 
more nutrition (1.5 Cal/ml) in less volume to help meet tne 
nutritional demands of severe stress and trauma 


ENSURE® OSMO.ITE " Isotonic Liquid Nutrition 
the first ready-to-use isotonic liquid feeding (1 Cél/ml) for 
patients particularly sensitive to hyperosmolar feedings 
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“stimulation, from laxative harshness 
from laxative habit; Colace gently _ 

helps soften stools:for-easy, painless 
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New insights on 
mind-body 
relationships 


andthe — . 
post-operative 
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New respect for mind-body interaction 

For the post-op patient, stress and anxiety are 
normal reactions to the challenges facec in the 
new environment. In the critical care urit, physi- 
cians and nurses who routinely evaluate cardiovas- 
cular, renal and pulmonary function are develop- 
ing a new respect for the mind-body relationship 
in all illnesses. * In this setting the patient's pre- 
vious life experiences and coping style serve as the 
basis for planning and implementing treatment 
programs. 


The physiological basis of fear and tension 


According to one theory, reactions to er viron- 
mental challenge are influenced by brain centers 
organized through reciprocally balancec systems 
called trophotropic and ergotropic. * 
The overwhelming fear reaction is 
a good example of trophotropic 
dominance, wherein this 
“no-go” system prepares the 
patient for withdrawal and 
conservation of energy. 
Sustained tension reveals 
dominance by the 
ergotropic system, 
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the “go” system integrating functions that prepare effect of Valium (diazepam) can help because it’s 

the individual ‘cr positive aetion. so prompt: quite often the patient experiences sig- 
nificant relief of emotional distress during the first 


The effects cf high levels of CNS stimulation few days of therapy and is, therefore, ready that 


! At high degrees of CNS arousal, patients experi- much sooner to take a more active part in his own 
ence either maladaptive and sustained anxiety or obs ade 
anxious and agitated depression. These crises re- f 
flect simultaneous dri n (approach) and A dosage regimen for every need 
trophotropic (avoidance) discharge.* Available in three tablet strengths and injectable 

form, Valium allows you to set, adjust and 

How post-op patients can benefit from readjust dosage to gain optimum response. The 
Valium (diazepam) 2-mg strength one or two a day is appropriate for 
Major surgery is almost always severely stressful, milder symptoms and for geriatric patients; 5 mg 


* TENE b.i.d. or t.i.d. for moderate symptoms; and 10 mg 
oe oR ae nmi Vc b.i.d. or t.i.d. for the more ieee And because 
important means by which physicians can make it's supplied in scored tablets, dosages of Valium 
the situation more tolerable for the patient. are easily increased depending on the patient's 

Valium is an excellent choice. It works effec- individual and changing needs. | 
tively to calm the tense, overanxious patient ard It's often helpful to add an h.s. dose to a b.i.d. 
to reduce his anxiety to more manageable levels. or t.i.d. regimen if the patient's anxiety worsens at 

bedtime. Valium can reduce these symptoms and 

Rehabilitation can start sooner encourage sleep. Of course, therapy with Valium 

If the post-op patient feels anxious and should be discontinued when symptoms have 


uH oo been reduced to tolerable levels. 
fearful it might be difficult to In recommended doses, Valium is relatively 
initiate rehabilitation. The : 


psychotherapeutic safe and well tolerated. Adverse reactions more seri- 
: ous than drowsiness, fatigue and ataxia are rare. 
When the post-surgical patient returns home, 
oral Valium can continue to reduce any excessive 
anxiety which may be interfering with recovery, 
rehabilitation and return to normal activities. 







"For more details on the mind-body relationship, refer to Kiely WF: 
JAMA 235(25):2759-2761, June 21, 1976. 


*As reported in animal studies by Hess WR: The Functional Organ- 
ization at the Diencephalon, New York, Grune & Stratton Inc., 1958, 
and expanded by Kiely WF (see reference above). 


ALIUM. 


diazepam) 


2-mg, 5-mg, (O-mg scored tablets 

Tel-E-Dose" Reverse-Number Packs 

2-ml Tel-E-Ject^disposable syringes 
5mg/ml ; 2-ml ampuls 

IO-ml vials 


for a response you know, 
want and trust 


A 


Before prescribing, please see following page for a summary of product information. 
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ALIUM 
(diazepam) 


Before prescribing, please consult complete product information, a summary of 
which follows: 
Indications: Tension and anxiety states; somatic complaints which are concomi- 
tants of emotional factors; psychoneurotic states manifested by tension, anxiety, 
apprehension, fatigue, depressive symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute delirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunctively in: relief of skeletal muscle spasm due to 
reflex spasm to local pathology; spasticity caused by upper motor neuron disorders; 
athetosis; stiff-man syndrome. Oral form may be used adjunctively in convulsive 
disorders, but not as sole therapy. /njectable form may also be used adjunctively in: 
status epilepticus; severe recurrent seizures; tetanus; anxiety, tension or acute 
stress reactions prior to endoscopic/surgical procedures; cardioversion. 
The effectiveness of Valium (diazepam) in long-term use, that is, more than 4 
months, has not been assessed by systematic clinical studies. The physician 
should periodically reassess the usefulness of the drug for the individual patient. 
Contraindications: Tablets in children under 6 months of age; known hypersensi- 
tivity; acute narrow angle glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: As with most CNS-acting drugs, caution against hazardous occupations 
requiring complete mental alertness (e.g., operating machinery, driving). With- 
drawal symptoms (similar to those with barbiturates, alcohol) have occurred follow- 
ing abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, vomit- 
ing, sweating). Keep addiction-prone individuals (drug addicts or alcoholics) under 
careful surveillance because of predisposition to habituation/dependence. 

Usage in Pregnancy: Use of minor tranquilizers during first trimester 

should almost always be avoided because of increased risk of congenital 

malformations, as suggested in several studies. Consider possibility of 

pregnancy when instituting therapy; advise patients to discuss therapy 

if they intend to or do become pregnant. 
ORAL: Advise patients against simultaneous ingestion of alcohol and other CNS 
depressants. 
Not of value in treatment of psychotic patients; should not be employed in lieu of 
appropriate treatment. When using oral form adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand mal seizures may re- 
quire increase in dosage of standard anticonvulsant medication; abrupt withdrawal 
in such cases may be associated with temporary increase in frequency and/or 
severity of seizures. 
INJECTABLE: To reduce the possibility of venous thrombosis, phlebitis, local irrita- 
tion, swelling, and, rarely, vascular impairment when used I.V.: inject slowly, taking 
at least one minute for each 5 mg (1 ml) given; do not use small veins, i.e., dorsum 
of hand or wrist; use extreme care to avoid intra-arterial administration or extravasa- 
tion. Do not mix or dilute Valium with other solutions or drugs in syringe or infusion 
flask. If it is not feasible to administer Valium directly I.V., it may be injected slowly 
through the infusion tubing as close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, those with limited pulmonary re- 
serve because of possibility of apnea and/or cardiac arrest; concomitant use of 
barbiturates, alcohol or other CNS depressants increases depression with increased 
risk of apnea; have resuscitative facilities available. When used with narcotic 
analgesic eliminate or reduce narcotic dosage at least 1/3, administer in small 
increments. Should not be administered to patients in shock, coma, acute alcoholic 
intoxication with depression of vital signs. 
Has precipitated tonic status epilepticus in patients treated for petit mal status or 
petit mal variant status. 
Withdrawal symptoms (similar to those with barbiturates, alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, 
vomiting, sweating). Keep addiction-prone individuals under careful surveillance 
because of predisposition to habituation/dependence. Not recommended for OB 
use. 
Efficacy/safety not established in neonates (age 30 days or less); prolonged CNS 
depression observed. In children, give slowly (up to 0.25 mg/kg over 3 minutes) to 
avoid apnea or prolonged somnolence; can be repeated after 15 to 30 minutes. If no 
relief after third administration, appropriate adjunctive therapy is recommended. 
Precautions: |f combined with other psychotropics or anticonvulsants, carefully 
consider individual pharmacologic effects—particularly with known compounds 
which may potentiate action of Valium (diazepam), i.e., phenothiazines, narcotics, 
barbiturates, MAO inhibitors and antidepressants. Protective measures indicated in 
highly anxious patients with accompanying depression who may have suicidal ten- 
dencies. Observe usual precautions in impaired hepatic function; avoid accumula- 
tion in patients with compromised kidney function. Limit oral dosage to smallest 
effective amount in elderly and debilitated to preclude ataxia or oversedation (ini- 
tially 2 to 2V2 mg once or twice daily, increasing gradually as needed or tolerated). 


5 mg/ml 


2-mg, 5-mg, |O-mg scored tablets 
Tel-E-Dose® Reverse-Number Packs 


2-ml Tel-E-Ject^disposable syringes 
2-ml ampuls 
10-ml vials 


INJECTABLE Although promptly controlled, seizures may return; reac min ster if 
necessary; not recommended for long-term maintenance therapy. Laryngospasrm 
increased cough reflex are possible during peroral endoscopic procedures; use 
topical anesthetic, have necessary countermeasures available. Hypotension or 
muscular weakness possible, particularly when used with narcotics, barbiturates or 
alcohol. U= lower doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Side effects most commonly reported were drowsiness, fatigue, 
ataxia. Infrequently encountered were confusion, constipation, depression, dip- 
lopia, dysa thria, headache, hypotension, incontinence, jaundice, changes in 
libido, nausea, changes in salivation, skin rash, slurred speech, tremor, urinary 
retention, vertigo, blurred vision. Paradoxical reactions such as acute hyperexcited 
states, anx =ty, hallucinations, increased muscle spasticity, insomna, rage, sleep 
disturbances and stimulation have been reported; should these occur, discontinue 
drug. 

Because ot isolated reports of neutropenia and jaundice, periodic blood counts, 
liver functien tests advisable during long-term therapy. Minor changes in EEG pat- 
terns, usuæly low-voltage fast activity, have been observed in patierts during and 
after Valium (diazepam) therapy and are of no known significance. 

INJECTABLE Venous thrombosis/phlebitis at injection site, hypoactiv ty, syncope, 
bradycardia, cardiovascular collapse, nystagmus, urticaria, hiccups, neutropenia. 
In peroral endoscopic procedures, coughing, depressed respiratior, dyspnea, 
hyperventilation, lanyngospasm/pain in throat or chest have been reported. 

Dosage: Individualized for maximum beneficial effect. 

ORAL—Adu-ts: Tension, anxiety, psychoneurotic states, 2 to 10 mg L/.d. to q./.d.; 
acute alcohol withdrawal, 10 mg t.i.d. or q.i.d. in first 24 hours, then 5 mg t.i.d. or 
q.i.d. as needed; adjunctively in skeletal muscle spasm, 2 to 10 mg ..i.d. or q.i.d.; 
adjunctivel in convulsive disorders, 2 to 10 mg b./.d. to q.i.d. Geriaric or debilitated 
patients: 2 o 22 mg 1 or 2 times daily initially, increasing as needed anc tolerated. 
(See Precamtions.) Children: 1 to 2V» mg t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 

INJECTABLE Usual initial dose in older children and adults is 2 to 20 mg LM. or I.V., 
depending 2n indication and severity. Larger doses may be requirec in some condi- 
tions (tetan 1s). In acute conditions injection may be repeated withir 1 hour, al- 
though interval of 3 to 4 hours is usually satisfactory. Lower doses (usual y 2 to 5 
mg) with slaw dosage increase for elderly or debilitated patients anc when sedative 
drugs are added. (See Warnings and Adverse Reactions.) 

For dosage- in infants and children see below; have resuscitative facilities available. 
I.M. use: b- deep injection into the muscle. 

IV. use: inject slowly, take at least one minute for each 5 mg (1 ml) given. Do not use 
small veins. i.e., dorsum of hand or wrist. Use extreme care to avoic intra-arterial 
administraton or extravasation. Do not mix or dilute Valium with other salutions or 
drugs in syringe or infusion flask. If it is not feasible to administer Valium directly 
1V., it may ae injected slowly through the infusion tubing as close az possible to the 
vein inserticn. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I. V. and severe psychoneu- 
rotic reacticns, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if necessary: acute 
alcoholic wehdrawal, 10 mg I.M. or I.V. initially, then 5 to 10 mg in 3 io 4 hours if 
necessary. wluscle spasm, in adults, 5 to 10 mg I.M. or I.V. initially, taen 5 to 10 mg 
in 3 to 4 hours if necessary (tetanus may require larger doses); in crildren, adminis- 
ter I.V. sloww; for tetanus in infants over 30 days of age, 1 to 2 mg I.M. or I.V., repeat 
every 3 to 4- hours if necessary; in children 5 years or older, 5 to 10 mg repeated 
every 3 to 4 hours as needed. Respiratory assistance should be ava lable. 

Status epileoticus, severe recurrent convulsive seizures (!.V. route preferred), 5 to 10 
mg adult dcse administered slowly, repeat at 10- to 15-minute intervals up to 30 mg 
maximum. 3epeat in 2 to 4 hours if necessary keeping in mind possibility of 
residual actve metabolites. Use caution in presence of chronic lung disease or 
unstable cardiovascular status. Infants (over 30 days) and children «under 5 years), 
0.2 to 0.5 mg slowly every 2 to 5 min., up to 5 mg (I.V. preferred). Children 5 years 
plus, 1 mg every 2 to 5 min., up to 10 mg (slow I.V. preferred); repeat in 2 to 4 hours 
if needed. EEG monitoring may be helpful. 

In endoscopic procedures, titrate |.V. dosage to desired sedative response, generally 
10 mg or less but up to 20 mg (if narcotics are omitted) immediately prior to 
procedure; f |.V. cannot be used, 5 to 10 mg I.M. approximately 30 minutes prior to 
procedure. As preoperative medication, 10 mg l.M.; in cardioversion, 5 to 15 mg I.V. 
within 5 to E) minutes prior to procedure. Once acute symptomatolagy has been 
properly coatrolled with injectable form, patient may be placed on oral form if 
further treatment is required. 

Managemeat of Overdosage: Manifestations include somnolence, confusion, 
coma, dimimished reflexes. Monitor respiration, pulse, blood pressu e; employ gen- 
eral suppor- ve measures, |.V. fluids, adequate airway. Use levarterenol or 
metaramind for hypotension, caffeine and sodium benzoate for CNS-depressive 
effects. Dialysis is of limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg, bottles of 100 and 500; Tel-E-Dose® (unit 
dose) packages of 100, available in trays of 4 reverse-numbered bores of 25, and in 
boxes contz ning 10 strips of 10; Prescription Paks of 50, available s ngly and in 
trays of 10. Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject* (dispos- 
able syringes), 2 ml, boxes of 10. Each ml contains 5 mg diazepam, compounded 
with 40% p-opylene glycol, 10% ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as preservative. 
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SYMPOSIUM ON VASCULAR GRAFTS: CURRENT STATE OF THE ART 


Introduction to the Vascular Symposium: The Society for Vascular Surgery—The International Vascular Society — 665 
Creighton B. Wright, MD, Loren F. Hiratzka, MD, lowa City 


The Expanded Polytetrafluoroethylene Graft: Thre» Years’ Experience With 362 Grafts ..................... n 673 
Hosne Haimov, MD; Fabio Giron, MD; Julius H. Jacobson Il, MD, New York 
^ cumulative patency rate of 74% at one year for femoropopliteal grafts. 
Seeding Endothelium Onto Canine Arterial Prostheses: The Effects of Graft Design us cc Sc EUM 679 


Maicolm Herring, MD; Austin Gardner, MD; John Glover, MD, Indianapolis 
A weft-knitted Dacron graft provided the best substrate for endothelial seeding and growth. 


Current Arterial Prostheses: Experimental Evaluaton by Implantation in the Carotid and 
C Adde af the Dag... E ars cae esos ELE or MMC em MUT i 


Non-crimped, kink resistant, porous Dacron g afts may be best when no autogenous vessels are available. 


Use of Umbilical Vein Graft as an Arterial Substitute 0 0000 a E a 0— 694 
Eugene B. Ferris, MD, John J. Cranley, MD, Cincinnati 
A cumulative patency rate of 77% at 18 montts is encouraging. 


In Vivo Comparison of Replamineform, Silastic, and Bioelectric Polyurethane Arterial Grafts 
Loren F. Hiratzka, MD; James A. Goeken, MD, lowa City; Rodney A. White, MD, Torrance, Calif: 
Creighton B. Wright, MD, lowa City à 


A unique method of studying surface healing and wall ingrowth of different biomaterials. 
ORIGINAL AFTICLES 


Surgical Management of Traumatic Injuries of the Right Colon: Twenty Years of Civilian Experience... oHm LT OPI 703 
Abeiardo Arango, MD, Miami; Charles R. Baxter, MD, Callas; G. Tom Shires, MD, New York 
Exteriorization or diversion necessary except n the most minor injuries. 
Ed torial comment by Robert J. Freeark, MD, Maywood, III 


pH-induced Platelet Ultrastructural Alterations: A Possible Mechanism for Impaired Platelet Aggregation 
Meir Djaldetti, MD, Petah-Tiqva, Israel; Pnina Fishman: Hanna Bessler, MS, Tel Aviv, Israel; 
Chaim Chaimoff, MD, Petah-Tiqva, Israel 
Altered surface morphology produced by pH change may be an important factor in aggregation. 
Editorial comment by Edwin W. Salzman, MD, Boston 


Predictability of Present Outcome and Future Recurrence in Acute Pancreatitis 
Bhagwan Satiani, MB, BS, H. Harlan Stone, MD, Atlanta 
Respiratory complications have become the most common cause of death. 
Editorial comment by Gardner W. Smith, MD, Baltsmore 


Pediatric Appendicitis: A 20-Year Study of 1,640 Children at Cook County (Illinois) Hospital 
Joseph S. Janik, MD, Chicago, Hugh V. Firor, MD, Lubbock, Tex 
Antibiotics and transperitoneal drains did not alter the incidence of intra-abdominal abscesses. 


Carctid Endarterectomy Shunting: Effectiveness Determined by Operative Ocular Pneumoplethysmography |... . 720 
Wiliam Gee, MD; Kenneth M. McDonald, MD; Harry A. Kaupp, MD, Allentown, Pa 
The shunt improved ipsilateral ophthalmic pressure but did not bring it to normal. 
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Ductal Carcinoma of the Pancreas: Rationales for Total Pancreatectomy .......... oss . 722 
Yukio Matsui, MD; Yukitoshi Aoki, MD; Osamu Ishikawa, MD; Takeshi Iwanaga, MD; 
Akira Wada, MD; Ryuhei Tateishi, MD; Goro Kosaki, MD, Osaka, Japan 
Intraductal spread or multicentric foci of tumor suggest the need for total pancreatectomy. 
Editorial comment by William H. ReMine, MD, Rochester, Minn 


The Gastroesophageal Scintiscan: Comparison of Methods to Demonstrate Gastroesophageal Reflux.................... . far 
George C. Hoffman, MD, FRCS, John H. Vansant, MD, MS, Norfolk, Va 
The scintiscan and pH studies were much less sensitive than barium swallow and esophagoscopy with biopsy. 


Thyroid Carcinoma: Immunology, Irradiation, and Lymphocytic Infiltration 00000000000 areren hee 
James H. Shull, MD; Nehama Sharon, PhD; Thomas A. Victor, MD, PhD; Edward F. Scanlon, MD, Chicago 
Thyroiditis was more common in patients with thyroid carcinoma but no prior irradiation. 
Editorial comment by John S. Welch, MD, Rochester, Minn 


CLINICAL NOTES 


Jejunoaortic Fistula From Ingested Seamstress Needle... sss] ese sels . 132 
Ernestine Hambrick, MD, FACS; Turlapati R. Rao, MD, MS; Leonardo T. Lim, MD, FACS, Chicago 
Gastrointestinal bleeding was produced by an ingested foreign body. 


Spontaneous Rupture of the Liver: A Complication of Oral Anticoagulant Therapy ................sssse eem 734 
Hadi Dizadji, MD; Richard Hammer; Bernadette Strzyz, MD; John Weisenberger, MD, Chicago | 
A massive hematoma in the right lobe of the liver led to intra-abdominal hemorrhage. 


Porcelain Appendix: A Calcified Mucocele Fractures to Produce an Acute Abdomen ........... oos 736 
Julian T. Buxton, Jr, MD, Charleston, SC 
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| In patients with serious bacterial infection, the 
| | $ choice of antibiotic therapy is usually made on the 
an aminoglycoside: basis of the effectiveness-to-risk ratio. This considera- 
M tion is particularly important when an aminoglycosid 
J9 ERO antibiotic is indicated. 

Se The activity of Nebcin® (tobramycin sul-ate, Lilly) 
against a wide range of gram-negative organisms is 
now well known. A review of worldwide literature 
shows “that tobramycin has significant antibacterial 

E SLE activity and that it is the most potent of all aminogly- 
NUS NE. cosides against P. aeruginosa. The antibacterial 
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activities of tooraryycin anc gentamicin against mem- serious complicated and recurrent urinary 
 bersofthe Ereerooacteríaceae are comparable, with tract infections 
. each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 
| Other against seleced strains of any species.” including burns 
h T Nebein is ir dicated in the treatment of caused by susceptible strains of the following 
sepücema — — microorganisms: Pseudomonas aeruginosa, 
sedous Ccwer respiratory infections | Escherichia coli, Proteus sp. ( indole-positive and 
gastrointestinal infections, including 7 | indole-negative), Providencia, Klebsiella-Entero- 
peritomitisg iis 00 | bacter-Serratia group, Citrobacter sp., and 
E us a | staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


, j * 
The proximal tubule 
The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity. 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 

rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of tais enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity.’ The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
am noglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
coskles are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tob-amycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients). 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitorec in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindrurie, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomyc:n, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter Sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negative). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are nct susceptible to antibiotics having less potential toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms ard to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administeredto 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among eminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 


Adverse Reactions: Nephrotoxicity — Renal function changes, as shown ty rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impeirment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxicity— Adverse effects on both the vestibular and auditory bramches of the 
eighth nerve have been noted, especially in patients receiving high doses cr prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears, and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal furction 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include inc-eased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomiting, headache, 
and lethargy. 

Suggested Dosage Guides — I.M./I.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage fcr adults, children, and older infants ( normal renal functior)— 

3 mg/kg/day administered in three equal doses every eight hours. In life-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal functon — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determinethe reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature* To calculate normal dosage at prolonged intervals (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 

following formula may be used: 

1 mg/kg q (6 X serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration — The usual volume of diluent for adults is 50 to 10C ml. For 
children, the vclume of diluent should be proportionately less than for acults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for patents 
whose steady-state serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Maximum Dose for Life- 
Threatening Imfections 
(Reduce as soon.as possible) 
1.66 mg/kg q 8h 
(Total, 5 mg/kg/day) 


ml/dose* 


Usual Dose for 
Serious Infections 
For Patient 
Weighing 
kg Ib 


1 mg/kg q 8h 
(Total, 3 mg/kg/day) 


ml/dose* 


ml 
4.75 ml 
4,5 ml 


3 ml 5 
2.9 ml 
2.75 ml 
2.6 ml 
2.5 “ml 


2.4 ml 
2.25 ml 
2.1 ml 
2 ml 
1.9 ml 
1.75 ml 
1.6 ml 
1.5 ml 
1.4 ml 
1.25 ml 
Td ril 
1 ml 





*Applicable to al! product forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied: Ampoules (Vials) Nebcin® (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks™(muitivial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tooramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets® (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivelent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) per 2 ml, 2 ml, 
in packages of 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium bisulfite, 0.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodium hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 
on request from Eli Lilly and Company 
Indianapolis, Indiana 46206. 


Lilly Eli Lilly Industries, Inc. 


Carolina, Puerto Rico 00630 
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Editorial 


Is Surgical Oncology 


Really a Specialty? 


here are a number of frequently asked cuestions 

relating te sargical oncology, such as, "Whzt does a 
surgical oneclogist do that a general surgeon -annot?" 
"Should all the eaacer surgery now performed by general 
surgeons be earried out by surgical oncologists?” Or, "Is 
this just another subspecialty designed to further reduce 
the scope of activity of the true general surgeon?” It is 
extremely diffieult to answer these and related cuestions 
to the satisfaction of all, since the concept of the rele of the 
surgical oncologist is not agreed on with unan mity. A 
description of this type of surgeon would have as many 
variations as in the classic story of the group of b ind men 
who describec an elephant, based on palpation of various 
parts of its amatomy by the multiple observers. Neverthe- 
less, an attempt will be made to give one surgeon's view of 
the status of this feld within the broad category of general 


surgery. 
DEFIN TION OF SURGICAL ONCOLOGIST 


There are a number of established specialties within 
surgery that bave been separated from general surgery as 
we know it today by virtue of clear-cut anatomical differ- 
ences im a specific organ system or by the specialized 
operative teehniques employed to treat diseases ir various 
organ systems. I. is understandable that the general 
surgeon is concermed when he hears that there are new 
developments that might further fragment tae very 
satisfying and sfimulating field we know as general 
surgery. He can visualize the possibility of still another 
board certificatiom or a certificate of competence on the 
horizon that might reduce the scope of general surgery 
even further, and we cannot blame him for this ecncern. I 
would like to stress at the outset of this commentary that 
the surgical oneolozist differs somewhat from colle igues in 
other surgical specialties since his activities shoulc usually 
complement. and aot replace, the traditional role of the 
general surgson in the management of the cancer 
patient! 
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There are individual surgeons within many of our estab- 
lished subspecialties who have a special interest and have 
developed expertise in the management of cancer patients 
within their specific subspecialties (eg, head and neck 
cancer, gynecologic cancer, urologic cancer, etc). This is 
one type of surgical oncologist, in the broader sense of the 
term, but this specialty surgeon is not the focus of these 
remarks. The surgical oncologist referred to in this discus- 
sion is the well-qualified general surgeon who has obtained 
additional training and experience in the cancer field and 
then devotes his professional work almost solely to this 
activity. He usually has developed a capability for perform- 
ing some operative procedures for neoplastic diseases that 
are not a usual part of the armamentarium of the average 
general surgeon. His additional experience often relates 
more to proper selection of patients for these operations, as 
opposed to other treatment options, than to the operative 
techniques employed. He views these procedures in the 
perspective of the total care of the cancer patient rather 
than as an isolated treatment method. However, these are 
not his only contributions to colleagues in his medical 


community or to the patients he deals with. On the — 


contrary, his major contributions are his in-depth under- 
standing of the natural history of the wide range of 
diseases we know as cancer and his ability to provide 
leadership to all of his colleagues in this general area. This 
is done in a fashion similar to that of other general 
surgeons who have focused their professional activities on 
a specific portion of general surgery such as trauma, burns, 
endocrine surgery, peptic ulcer, or inflammatory bowel 
disease. As in all of these listed surgical “hobbies,” the 
general surgeons in a medical community continue to 
perform the majority of operative procedures required by 
cancer patients, but the surgical oncologist is available to 
provide consultation, collaboration, or more specialized 
patient care services when his skills are needed. He may 
provide standard patient care as well, but rarely to the 
exclusion of his general surgical colleagues in the commu- 
nity setting. 
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JUSTIFICATION FOR SURGICAL ONCOLOGY 


There can be no doubt that some of our concepts of the 
biology of cancer are changing and the management 
process for the cancer patient is becoming more complex. 
With an increase in knowledge of the disease, and improve- 
ments in the technology in nonsurgical fields, there is a 
need for a subset of general surgeons to focus on this field 
in order to provide the surgical leadership that is needed. 
The sophistication of some of the newer diagnostic tech- 
niques, the refinement of the technology available in 
radiation therapy, and the development of improved drug 
management approaches, both for adjuvant benefit and 
palliation, make it mandatory for some general surgeons to 
have enough additional experience and commitment to the 
cancer field to put these recently available approaches in 
proper perspective. The general surgeon needs a colleague 
from his own specialty to provide leadership in the devel- 
opment of multidisciplinary cancer programs, to ensure 
complementary support in consultation and management 
of diffieult patient management problems that may now 
have more options available for treatment, and to facilitate 
the collaboration of the general surgeon in ongoing clinical 
trials and other clinical research activities. 

By obtaining additional training and experience, and by 
committing his professional efforts to cancer problems, the 
surgical oncologist can and should make the role of his 
general surgical colleagues in the management of cancer 
patients more effective than it has been in the past. This is 
partieularly true in an era when the rapidly expanding 
field of medical oncology has often assumed the leadership 
in management programs for the cancer patient, even if 
the primary choice of treatment for such a patient is still 
an operative one. One of the most exciting recent develop- 
ments in the field of oncology is the expansion of this new 
specialty of medical oncology in the field of internal 
medicine, but appropriate balance in all phases of cancer 
care also requires identifiable surgical leadership on the 
multidisciplinary cancer team. Both cancer patients and 
the general surgeons in the community who will treat most 
"solid tumors" by surgical resection deserve the knowledge 
and the leadership of a surgical oncologist to achieve the 
balance that is needed. 


IDENTIFICATION OF SURGICAL ONCOLOGIST 


For many years there has been a group of surgeons 
within general surgery who have been considered "cancer 
surgeons" both by themselves and their colleagues, but the 
ground rules for inclusion in this group have been vague 
and variable. As the importance of the contributions of this 
type of individual have been appreciated, there has been an 
interest in a better definition of the role of the surgical 
oncologist in patient care, research, and education. A major 
recent step in this process of identification was the trans- 
formation of the James Ewing Society, a national group of 
established oncologists who are mainly surgeons, into a 
new society, the Society of Surgical Oncology. With this 
change in the name of the organization there were corre- 
sponding modifications in the objectives of the society and 
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the membership requirements, and the organization is 
currently dealing with questions that have been raised 
regarding both the definition and the roles of the surgical 
oncologist. Fortunately, multidisciplinary participation in 
the membership of this new organization has cont: nued, as 
this will provide greater assistance in the fulfillment of the 
leadership responsibilities that have been accepted by this 
group. Currently, this is the forum through waich the 
surgical oncologist in this country will work to refine this 
area of clinical interest and expertise for maximzl contri- 
butions tc our health care system. 


EDUCATIONAL ROLE 


Recently, there was a workshop sponsored by the 
National Cancer Institute that was designed to examine 
potential roles of surgical oncologists and to begin to 
develop more defined guidelines for training the surgical 
oncologist of the future. An important role of the surgical 
oncologist that was dealt with extensively in this workshop 
was the educational responsibility in terms of the under- 
graduate medical student and the postgraduate trainees in 
general surgery. For the undergraduate medical student, 
oncology training would mean the provision of certain 
basic kncwledge with emphasis on the multidisciplinary 
approach to the cancer patient. For the house officer 
receiving training in general surgery, it would mean in 
addition the teaching and demonstration of optimal surgi- - 
cal principles in cancer management. Whereas a truly 
general surgeon conceivably could provide muca of this 
training experience in the teaching institution, it seems 
more reasonable to assume that a surgeon who has focused 
on the problems of surgical oncology would prcvide this 
aspect of the student's and the general surgeon's training 
with more enthusiasm, vigor, and skill, since this is the 
special area of general surgery to which his career has been 
devoted. We also have an urgent need to produce some 
surgical encologists who will be available to provide this 
educational experience for more general students and 
postgraduate trainees in the future. This need will require 
training program plans for a smaller group of surgeons 
who can develop the skills needed for this role of the 
surgical oncologist, in addition to having expertise in 
cancer patient care and clinical cancer research. 


CERTIFICATION 


The environment and the role of the surgical oncologist 
will vary from that of a teacher in a highly soecialized 
division of surgical oncology that is an essential component 
of a larg» general surgical training program, to that of a 
cancer program leader in a community setting where the 
surgical oncologist works with and complements the role of 
his general surgical colleagues. In both situa-ions, the 
surgical oncologist has special abilities to add that are 
similar to those contributed by the established surgical 
specialties. Accordingly, there is a considerable difference 
of opinion regarding both the appropriateness and the 
potential advantages and disadvantages of some form of 
formal certification of competence in surgical oncology. 
Some surgeons believe this is a worthwhile objective for 
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the future, but the implications of certification are some- 
what im conflict with the concept of surgical oncologist that 
has been developed here. Special certification for oncology 
would proceec logcally to a situation in which all cancer 
surgery in the general surgical field would be carried out 
by suea an individual, and this is neither desirable nor 
feasible. On the cther hand, the formation of a special 
organization, such as the Soeiety of Surgical Oncology, can 
effectively fulall the objective of identification of this type 
of surg=on for the purposes eutlined, and can do so without 


creating a sitaation which would reduce significantly the 


appropriate rele o^ the general surgeon in cancer patient 
care. There are many analogous societies that identify 
special interest amd expertise in a clinical area, such as 
head amd neek caneer, hand surgery, trauma, etc. An effect 
of this approaeh tothe identification of the area of surgical 
oncology has beea the need for the establishment of 
specific and demarding membership requirements to give 
even more significanee to participation in the Society of 
Surgiez] Oncology. 


MANPOWER NEEDS 


The eonceptof a surgical oncologist as expressed thus far 
is that of a member cf a relatively small group within the 
broad feid of general surgery who has specific responsibil- 
ities tc colleagues both in surgery and the nonsurgical 
oncologic specialties. If one were to accept this concept of 
the surgical encologist in our health care system, the 
manpower needs fer this type of individual would never be 
large, end the fear of competing with general surgeons in 
the provision ef patient care that is often expressed would 
never be realzed. It is difficult to estimate the optimal 
number ef surgical oncologists that would be required in a 
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region or the nation to provide the various needs that have 
been outlined. However, it behooves those of us who are 
surgical oncologists to establish some limit to the number 
of general surgeons who are given additional training in 
surgical oncology, while continuing to concentrate much of 
our postgraduate training effort on the general surgeon in 
a balanced residency program. This is based on the concept 
expressed earlier, that the practicing general surgeon in 
the community will continue to be the primary provider, in 
terms of surgical treatment, for the majority of cancer 
patients. It is important, however, that we do develop 
better organized training programs for the relatively small 
group of future surgical oncologists who will be needed at 
both university and community levels for the various roles 
that have been described. Although there are several such 
well-organized programs, particularly at the categorical 
cancer hospitals, most of us who consider ourselves surgical 
oncologists are currently collaborating in plans for the 
design of improved training activities for this field. 


Surgical oncology is new, and still poorly defined. I am 


convinced, however, that it can and will make a contribu- 
tion to the surgical care of the cancer patient in our nation 
without proliferating to the extent that it would be 
considered a “subspecialty” that completely replaces the 
role of the general surgeon in cancer care. Instead, it 
should include a clearly defined group of general surgeons 
who have a special expertise that is clearly needed by our 
general surgical community. 

WALTER LAWRENCE, JR, MD 

Division of Surgical Oncology 

(Department of Surgery) and 

Cancer Center 
Medical College of Virginia 
Richmond, VA 23298 
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Now...in moderate fo severe pain 


Important option when 
potent parenteral analgesics 
are indicated 


B Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine ‘and 
meperidine." ^ ” 


Bi By either I.M. or Il. V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


E Distinguished by its favorable side 

effects profile, ^? 7 7* "—low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 


Moderate to severe pain, all doses I. V. 
«wm Butorphonol tartrate 0.5 mg 
mum Butorphano! tartrate 1.0 mg. 
mmm Butorphanol tartrate 2.0 mg 
mum Morphine sulfate 2.5 mg 
== Morphine sulfate 5.0 mg 

(N= 116) 


Pain relief score 


0 1.0 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study ‘’... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg.” (DelPizzo') 








Morphine 


nur WT ET Vir Pe Tepe : 


HO 


and vomiting, and low incidence of 
CNS effects other than sedation. 


E 2 mg. of Stadol produces an order 
of respiratory depression similar to 
that caused by 10 mg. of morphine. 
In contrast to morphine, increasing 
Stadol doses yield greater anclgesic 
effect,’ without appreciably increas- 
ing liability for respiratory depres- 
sion.'^ 


Unsurpassed pain relief 


3.9 vr E ARTAR 4] 8 
Moderate to severe pain, all coses LM 
ma Butorphonol | ma./70 kg 
mmm Butorphanol 2 m5./70 kg 
3.0 quem Butorphonol 4m ./70 kg 


mum Meperidine 40 m3./70 kg 
= Meperidine BO m3./70 kg 
N = 104) 


2.0 


Pain relief score 


0.5 





0 1.0 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and meperidine hydrochloride 


In moderate to severe pain, butorphanol 
tartrate provided relief ""... that was not 
statistically distinguishable from that 


achieved with 80 mg/70 kg meperidine.” 
(Gilbert et al*) 


E The low addictive potential of 
Stadol** is underscored by its narcotic 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effect 


7.0 


5.0 


3.0 


Displacement of PACO; (Torr) 


Placebo 





30 60 120 300 
Log dose (1g./ kg.) 
Log dose PACO, displacemen curves 


In this graph based on alveolar carbon 
dioxide tension (PACO:;) measurements, 
the flatter the curve, the less respiratory 
depression. “The flat dose-response curve 
...0f butorphanol may indicate that, 
because of its antagonistic properties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Ncgashima et al'5) 
Unlike morphine with its stee» dose- 
response curve, the magnitude of res- 
piratory depression does not ncrease in a 
dose-related manner with Stcdol, within 
the range of recommended deses. 






Butorphanol 
tartrate 


HO 


Low physical-dependence liability 


Lke 
slightly 


Don't 
core 


Lke 
a lot 





Like 


F= 
ately 


like 
slightly | 





0 5 10 45 20 25 30 
Initial cays on drug 


Preference scores completed by subjects 

during chronic butorphanol tartrate 

administration compa-ed with scores 

. from three other groups of subjects re- 
ceiving 30, 120 and 240 mg. of morphine 

daily. (Adapted from Jasinski et al2«) 
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closer to 
the ideal 
parenteral 
analgesic 


The following table shows a side-by-side clinical comparison 
of Stadol with both morphine and meperidine. 








Clinical 
parameters Meperidine Morphine Stadol 


Schedule II Schedule II Nonscheduled | 
moderate to moderate to moderate to 
severe pain severe pain severe pain 

Standard I.M. 75-100 mg. | 8-10 mg. 2 mg. 

cose (1 to 4 mg.) 
Standard 1.V. | 50-100 mg. 4-10 mg. 1 mg. 

cose | (0.5 to 2 mg.) 
Lsual route of L.M./1.V. I. M./1.V. I.M./I.V. 
administration “ 


less than 30 
minutes I.M., 
very rapidly I.V. 










30 minutes 
I.M., very 
rapidly I.V. 


30 minutes 
I.M., very 
rapidly I.V. 


Onset of pain 
relief 































within 1 hour within 1 hour 
I.M., within I.M., within 


20 minutes I. V. | 30 minutes I.V. 


dose-related 
depression 


within 1 hour 
I.M., within 
30 minutes l.V. 


Feak analgesic 
octivity 





















Curation of pain 


slightly less 
relief 1.M./1.V. 


than morphine 





Addicting 
potential 


dose-related 
depression 


Respiratory 


limited depres- 
effects 


sion—no appre- 
ciable dose- 
related increase 
within the range 
of recommended 
doses. 





Date for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 
antegonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
pp. 325—339; and from manufacturer recommendations. 
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INDICATIONS AND USAGE — 

Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 
been shown to be hypersensitive to it. 

WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closely supervised. It is important to avoid in- 
creases in dose and frequency of injections b the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of p 
Head injury and increased intracranial pressure: Ithough there is no clinical ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
aasi, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in cases of 
head injury can produce effects (e.g., miosis) which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is deemed essential. 

Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to p 
tients with respiratory depression (e.g., from other medication, uremia, or severe intec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 

Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the usual clinical dose, pos- 
sibly the result of decreased metabolism of the drug by the liver. 

Biliary surgery: Clinical studies have not been done to establish the, safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 

Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 
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lished. 

ADVERSE REACTIONS —The most frequent adverse reactions in 1250 patients treated 

with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 

D. Tod)! dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness 

, |e). 

Other adverse reactions which may occur (reported incidence of less than 196) are: 
CNS effects: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
i»: diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such os oxygen, intravenous 
fluids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION —Adults: Intramuscular —The usual recom- 
mended single dose is 2 mg. This may be repeated eyery three to four hours, as neces- 
sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to fcur hours as necessary. The effective Ice range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three to four hours. 
Children: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stadol (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-ml. vial; 1 mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose vial. 
NDC 0015-5644—2 mg. per ml., 2-ml. vials 
NDC 0015-5645-—1 mg. per ml., 1-ml. vials 
NDC 0015-5646—2 mg. per ml., 1-ml. vials 
NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule. 
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Symposium on Vascular Grafts: Current State of the Art. 


Introduction to the Vascular Symposium 


The Society for Vascular Surgery—The International Vascular Society 


Creighton B. Wright, MD, Loren F. Hiratzka, MD 


he Symposium on Vascular Grafts contains reports 

taken from Th» Society for Vascular Surgery end The 
Internatienal Cardipvascular Society meeting held n 1978. 
They have been assembled to provide an overview of the 
state of the art of vascular prostheses, including where we 
presently stand and where the future of prosthetie devel- 
opment and study ies, with particular regard to potential 
research areas. 

At the outset, we would like to emphasize that the 
following symposium is not all-inclusive, nor was it meant 
to be. The symposiam group was made up of perscns who 
submitted material for the 1978 program. There is eertain- 
ly a great deal of additional interest and expertise, and 
many other inzestieators are working on other materials 
and techniques.'* 


THE GRAFT 


_ The ideal vascular graft should be immediately available 
in many sizes and shapes. It should be biocompatible, 
allowing healmg with a nonthrombogenic surtace. It 
should have a low rate of infection when exposed to 
bacteremia. It shoald be durable and strong, anc should 
last the life expectancy of the patient without needing 
replacement. It sheuld be easily handled, includinz easily 
sutured, without unusual or complicated techniques being 
needed for implantation. In addition, as stressec by Dr 
Edwards, it may not need to be porous and may need to be 
more “normal” in elasticity, flexibility, and compliance, so 
that with time. the junction of blood vessel and graft is not 
subjected to deterioration, such as intimal hyperp asia, or 


Accepted for publicatzon Feb 13, 1979. 

From the Departmentof Surgery, Division of Thoracic and Cardiovascu- 
lar Surgery, University of Iowa Hospitals and Clinics, Iowa City. 

Reprint peques to Division of Thoracic and Cardiovascular Surgery, 
University of lowa Hbspitals and Clinics, Iowa City, IA 32242 (Dr 
Wright). 


Arch Surg—Vol 114, June 1979 


disruption. It should have perfect patency throughout the 
period of expected use. 


PROBLEMS 


Certainly, there currently is great variety in the types of 
prostheses available for replacement of large blood vessels, 
specifically the thoracic or abdominoiliac vessels. Dacron 
and Teflon prostheses have a long history of good service, 
few problems, and good long-term patency, as reported by 
the Intersociety Commission. However, in spite of these 
generally good results, there have been some distinct 
problems with a few of these large grafts.*'* In particular, 
some types of "minimal modifications" have led to clinical 
disasters, as have occurred with the ultralightweight knit- 
ted Dacron grafts. A picture from the report by May and 
Stephens on Dacron velour grafts" with multiple aneu- 
rysms is included, which may represent a failure of manu- 
facturing or surgical technique, or an injury to the graft at 
insertion (Fig 1). This is, of course, a disturbing complica- 
tion, to say the least. Other reports by Blumenberg and 
Gelfand,'* Ottinger et al," and others**'*^* describe other 
material failures. Also, the initial good results with other 
types of graft materials such as formalinized polyvinyl 
sponge (Ivalon), allografts, and bovine heterografts were 
reversed and refuted by continued experience. For 
instance, bovine heterografts (Artegraft) were popular 
several years ago, but subsequently at the Vascular Society 
meeting in 1976, they were dealt a severe blow as regards 
their use in the femoropopliteal position.'* Included are 
preoperative and postoperative arteriograms of a person 
with a bovine heterograft (Artegraft) that became aneu- 
rysmal four years after implantation (Fig 2). It is impor- 
tant to note that the early reports of this material were 
very favorable, with few complications, excellent patency, 
and few or no detractors. This is the most worrisome aspect 
of the current reports on new prosthetics that have not yet 
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withstood the test of time and that are being implanted 
frequently, with limited documentation of follow-up. 
Most current interest is in small-vessel grafts for femo- 
ropopliteal, renal, or coronary revascularization, or arterio- 
venous “vascular” access. Many types of grafts have been 
tried in the femoropopliteal position either above-the-knee 
or below-the-knee and currently the standard, of course, is 
the autogenous saphenous vein graft. In spite of its 
general usefulness, the saphenous vein has had less than 
uniform availability, only a 50% to 75% patency rate after 





Fig 1.—Dacron velour graft with multiple aneurysms (from May 
and Stephens"). 


five years, and a definite incidence of late deteriora- 
tion.'^*' Dacron seems to have limited usefulness in the 
femoropopliteal position, although some autaors have 
reported reasonably good results with this material? At 
present, there are many grafts that have been suggested 
for use when the saphenous vein is not availa»le. These 
include a composite of vein and artificial graft, Dacron, 
filamentous Dacron vascular prosthesis, bovire hetero- 
graft, modified collagen graft, umbilical vein graft, and 
microporous polytetrafluoroethylene. 

As vaseular surgeons we are, of course, aware of the 
many types of complications that may follow placement of 
a graft, such as thrombosis, true aneurysm of the material, 
false aneurysm at the anastomotic suture line, and subse- 
quent infection. Some of these may be the fault of the 
surgeon and others the fault of the materials. In spite of 
their general use, the current grafts nevertheless remain 
less than ideal and, particularly, the best alternate choice 
for femoropopliteal grafting is not clear from the data. 


Fig 2.—Arteriograms of person with bovine heterograft that became aneurys- 
mal four years after implantation. Left, Preoperative. Right, Postoperative. 
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Caveat emptor must not prevail; we must recognize that 
detail men nave a s anted view of data to sell their product. 
They firmly believe the company propaganda anc to the 
uninitiated may be very convincing. However, as consum- 
ers anc users, we are obligated to insist that carefully 
controlied, scientifically valid comparisons of “new 
products” are carred out prior to their introduction into 
general use. 


PRESENT PAPERS 


The reports that “ollow in this symposium discuss the use 
of umbilical vain prostheses and microporous po ytetra- 
fluoroetay|ene prostheses, two of the popular materials in 
clinical wse at the present time. In addition, there are 
reports om entirely new concepts in design as well as 
modifications of existing prostheses that may improve 
long-temm patency. There are certainly a large number of 
problems with quality assurance and with government 
regulation for an irvestigator trying to bring his material 
through testing to the point where it may be commercially 
available. In the past, it had been a relatively simple 
procedure for 2 surgeon to design, develop, and implant an 
experimental device without much hesitancy. But at the 
present time, because of prior failures, growing corsumer- 
ism, genera. public awareness of biomedical research, and 
increased government intervention, this approach is diffi- 
cult anc probably untenable. 


VASCULAR STANDARDS 


Progress has been made toward the compilation of 
“vascular standards” by persons from the Associa-ion for 
the Advancement of Medical Instrumentation, The Society 
for Vaseular Surgery, and The International Cardipvascu- 
lar Societv, am] a number of individual volunteers from 
industry amd professional fields. I have been heavily 
involved in this work for the last two years. Some problems 
that are faced include the following: (1) There is no 
universal ideal test for graft strength. (2) There is 20 ideal 
test forthrombosis. (3) There is no ideal test for durability. 
(4) Mary of the new products are so widely different in 
their intrinsic characteristics that it is difficult in vitro to 
compare them at all. Many investigators have their own 
"pet" experimenta. preparation in which they test their 
favorite produsts without comparison to any or al of the 
other materials. Ths creates reams of data and reperts and 
a great deal of heat, but does not shed enough light on 
comparability. Dr Edwards’ frequently alluded to the fact 
that experimental work in dogs was not comparable to 
subsequent human experience. He pointed out that, in 
contras: te the aorta in dogs, “... humans, seldom, if ever, 
completely heal the internal lining of a synthetic graft as 
animals do, so this 5 one of the causes of graft thrambosis. 
It is also an examole of the difficulty in trying to draw 
clinical somclusions from animal experiments." In addition, 
because of a versatility of potential uses, a variety of 
models, such as arteriovenous fistula, coronary bypass, and 
peripheral bypass ef varying lengths, are necessary. Also, 
variatien of duration of follow-up may be requirec before 

achievement of adequate experimental studies. Neverthe- 
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less, in spite of these recognized problems, there exists a 


draft of standards for all peripheral vascular graft materi- 
als other than autogenous artery and vein. This draft is 
currently most complete for textile grafts and is least 
complete for some of the newer materials. After much 
discussion, it seems that the basic principles of the stan- 
dard should include extensive in vitro testing for strength, 
durability, porosity, biodegradability, elasticity, com- 
pliance, and subsequently implantation in types and 
numbers of suitable animal experiments prior to the use of 
a new configuration or a new material in humans. The 
animal experimental series should continue to be followed 
for at least one or two years. After the initial year, 
carefully controlled clinical trials could be conducted with 
the new prosthesis. The series would require complete 
documentation for all patients for up to five years, with 
plotting of the data on patency, complications, etc, by the 
life-table method. This data should be critically reviewed 
by scientific groups as well as by the Food and Drug 
Administration. It would also be desirable (but difficult to 
plan and arrange) that all explanted or failed materials and 
reports of occlusions be returned to a central reviewer for 
testing to investigate and document why the particular 
graft had failed. This would allow prompt collation of data 
and prompt reporting to patients and users. 

There is certainly a need at present for randomized 
prospective clinical trials rather than anecdotal reports of 
individuals’ personal series with a single material that they 


favor. Investigator bias hopefully could be eliminated and 


patient comparability could be assured to draw valid 
clinical conclusions. | 

It is most important that vascular surgeons continue to 
play an active role in the development of vascular prosthe- 
sis standards, in scientific review, and in careful clinical 
reporting of new devices for use as vascular substitutes in 
man. There is no question that consumerism is very active 
throughout the country at the present time and we must 
take particular precautions to assure patient education and 
safety, because that is our mission as physicians and also 
because of the government's tendency to take over this 
responsibility for us if we inadequately fulfill this 
mission. 


THE FUTURE 


Dr Edwards has once again educated and guided us. For 
the young investigator interested in prosthetic design or 
function, there is an astounding range of approaches. 
Large arterial vascular substitutes, small arterial substi- 
tutes, venous substitutes, and coronary and arteriovenous 
access channels all have differing requirements and exper- 
imental models. 

The modification of porosity, surface characteristics, 
healing-fibrinolysis-endothelial function and structure, 
elasticity, and endothelial implantation, as well as experi- 
mental and clinical implantation trials, continue to provide 
an unlimited range of potential subjects for continuing 
investigation. This breadth of approaches has been 
presented at a number of separate symposia on graft 
materials, such as the symposium at the National Institute 
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of Health, this one at the Society for Vascular Surgery, and 
regular vascular-oriented sessions at the Surgical Forum of 
the American College of Surgeons and at the Association 
for Academic Surgery.” We suggest that vascular graft 
design remains a wide-open area of productive research. 


The Association for the Advancement of Medical Instrumentation 
(AAMI), Vascular Prostheses Standards Committee membership is as 
follows: Creighton B. Wright, MD, PhD, Iowa City (cochairman); Roger 
Snyder, PhD, Billerica, Mass (cochairman); Michael J. Miller, Washington, 
DC (executive director, AAMI) Guy S. Hammer II, Washington, DC 
(manager for technical development, AAMI); William M. Abbott, MD, 
Boston; Wiley E. Barker, MD, Los Angeles; F. William Blaisdell, MD, San 
Francisco; William S. Blakemore, MD, Toledo, Ohio; Richard E. Clark, MD, 


St Louis; James A. DeWeese, MD, Rochester, NY; W. Sterling Edwards III, . 


MD, Albuquerque, NM; William J. Fry, MD, Dallas; H. Edward Garrett, MD, 
Memphis; Walter Golaski, SeD, Philadelphia; Harold D. Green, Phoenix, 


Ariz; Richard Turner, Oakland, NJ; Wade C. Lamberth, MD, Iowa City; 


Peter Madras, MD, Toronto; W. Gerald Rainer, MD, Denver; Norman 
Rosenburg, MD, New Brunswick, NJ; Philip N. Sawyer, MD, Brooklyn, NY; 
D. Emerick Szilagyi, MD, Detroit; S. Adam Weslowski, MD, Rockville 
Center, NY; Edwin J. Wylie, MD, San Francisco. 
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Vascular Grafts 


The Expanded 


Polytetrafluoroethylene Graft 


Three Y2ars’ Experience With 362 Crafts 


Hoshe Haimev, MD; Fabio Giron, MD; Julius H. Jacobson II, MD 


* A total of 362 polytetrafluoroethylene (PTFE) g'afts were 
implanted in patients as vascular substitutes in a variety of 
vascular recorstructive procedures. A total of 184 we-e used in 
femoropopliteal bypass operations. Cumulative patency rates 
showed 74% patency at the end of the first year of observation 
and 58% after two and three years. Seventeen grafts were used 
for femcrotibial bypasses, with a cumulative patency rate of 
40.4% after one year. Ninety-eight grafts were implanted in the 
upper or lower extremity to serve as vascular access fcr hemodi- 
alysis. For this group, the cumulative one-year patency rate was 
83%. Sixty-thrse additional grafts were implanted i various 
other anatomic locations. Based on this experience, the PTFE 
graft seems to be a promising and versatile vascular prosthesis, 
although it should be used cautiously. 

(Arch Surg 114:673-577, 1979) 


E xpanded polytetrafluoroethylene (PTFE) grzfts have 

reeently become available for clinical use. Soyer et al’ 
in 1972 were the 3rst to report the use of this g-aft as a 
venous substitute. In 1973, Matsumoto et al? reported 100% 
patency using the PTFE graft as a small artery substitute. 
Subsequent reports of both experimental and clinieal use of 
these new vascular prostheses have been encouraging." 

The PTFE graft became available to our group at the 
Mount Sinai Hospital, New York, in June of 1€75. This 
article is a retrosoective analysis of our experience with 
these grafts used as implants. 
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THE EXPANDED PTFE VASCULAR PROSTHESIS 


The ultrastructure and mechanical characteristics of the 
PTFE graft have been reported." Experimentally, the 
graft has been shown to achieve complete cellular incorpo- 
ration by fibrous tissues and capillaries. In addition, a 
smooth, delicate, glistening, thin neointima is formed 
uniformly along the length of the graft and across the 
suture line. Sterilization of the graft can be done by either 
steam or gas autoclaving; no preclotting is required before 
use, since no extravasation occurs in the fully heparinized 
patient. Thus, the graft possesses many of the criteria 
required for an ideal synthetic graft material, ie, easy 
availability, inertness, no biological deterioration, desir- 
able mechanical handling, low-implantation porosity, and 
high-healing porosity. 


SUBJECTS AND METHODS 


From June 1975 until July 1978, a total of 362 PTFE grafts were 
implanted in 327 patients as a vascular substitute in a variety of 
anatomic locations. One-hundred eighty-four grafts were used in 
femoropopliteal bypass operations; 17 grafts were used for femo- 
rotibial bypasses; 98 grafts were implanted in the upper or lower 
extremities as arteriovenous communications to serve as a vascu- 
lar aecess for hemodialysis; 63 additional grafts were implanted in 
various other locations. A total of 307 of these grafts were 6!5- to 
4-mm tapered grafts, supplied by one manufacturer and 55 grafts 
identical in size (tapered grafts) were made by another manufac- 
turer. It was our clinical impression that the protective cover of 
the first type of graft greatly facilitated handling of the graft and 
minimized suture-line bleeding. 


The PTFE Graft in the Femoropopliteal Position 


The 184 PTFE grafts were implanted in 149 patients in the 
process of femoropopliteal grafting. The clinical characteristics of 
this group are given in Table 1. There were 86 male patients (58%) 
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and 63 females (42%); the average age was 66 years; 57 of these 


. patients had diabetes mellitus (88%); 57 patients had hypertension; 


and 59 of these patients were chronic cigarette smokers. Indica- 
tions for surgery were either severe disabling claudication, 115 
patients (68%) or rest pain with or without gangrene, 69 patients 
(37%). Although early in our experience, the graft was used 
exclusively in cases where the limb viability was threatened and 
no saphenous vein was available, because of satisfactory early 
results, the graft was later used as a substitute for the marginal 
vein. It was also used in the high-risk patient as the graft of choice 
because of expedience. In 21% of the limbs (38 patients), the 
operation was secondary, ie, patients who had had previous 
reconstructive vascular procedures in the same location that had 
failed. All of the patients' conditions were evaluated angiographi- 
cally before surgery. The quality of the distal runoff was graded as 
good if either two or three of the tibial arteries were patent (91 
patients), and it was graded as poor if there was one vessel runoff 
or a blind popliteal segment (93 patients). The patency of the graft 
was determined by examination of distal pulses, segmental pres- 
sure measurements, direct percutaneous evaluation of graft flow 
using a Doppler flowmeter, and angiographically when indicated. 
All operations were performed by us and by the resident staff at 
The Mount Sinai Hospital Medical Center. 


RESULTS 


When this article was being prepared, 68 of the grafts 
implanted in the femoropopliteal position were patent. 
Cumulative patency rates from the life table method are 
given in Table 1. The cumulative patency rate at the end of 
12 months was 74%. It decreased to 58% at the end of two 
years. No further failures have occurred during the subse- 
quent period of observation. The highest interval patency 
failure rate was noted in the immediate postoperative 
period (14%), and in the ensuing six months (9%). After 
these initial failures, most of the grafts have maintained 
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Table 1.—Cumulative Patency Rates of Polytetrafluoroethylene Femoropopliteal Grafts 
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30-33 0 100 
33-36 0 100 


Table 2.—Evaluation of Risk Factors With the Use of Polytetrafluoroethylene Femoropopliteal Grafts 


None ‘None Ye 


their patency. (Interval patency rates range from 93% to 
100%.) Faetors that may have affected the final outcome 
were analvzed. 


Site of Distal Anastomosis 


In 59 operations, the distal anastomosis was to the 
popliteal artery above the knee. Cumulative patency rate 
in this group was 77% at the end of 12 months and 59% at 
the end of 24 months. In 125 grafts, the popliteal anasto- 
mosis was placed below the knee joint. The cumulative 
patency rates for this group at the end of 12 months and 24 
months were 71% and 56%, respectively. These diTerences 
were not significant when compared with each other or to 
the total experience. 


Angiographic Classification 


For 89 of the grafts, the distal runoff was graded as good 
and in this group of grafts a patency rate of 79% was 
achieved (Table 2). For 95 grafts, the distal runoff was 
graded as poor, and the patency achieved was 59%. The 
difference between these two groups was siznificant 
(P < .01). 


Secondary Surgery 


In 38 patients, femoropopliteal bypass operations were 
carried out after failure of one or more previous recon- 
structive procedures in the same anatomic locations. A 
total of 4595 of these grafts have remained patent as 
compared with 75% of the grafts done as a primary 
procedure. This difference was significant (P < .001). 


Interval aenar Rate, % Cumulative E Rate, 96 
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Indications for Surgery 


A total of 116 of the grafts were implanted because of 
intermittert claudication. The patency for this group of 
grafts was "0%. Sixty-eight grafts were implanted for 
treatment ef rest pain or gangrene. Patency rate for this 
group was 65%. This difference was not found to be 
significant. 


Complications of Femoropopliteal Grafts 


Acute graft th-ombosis in the immediate postoperative 
period er within the first year occurred in 16 patients. 
After thrombectamy, patency was restored to nine of these 
grafts. Four are still open for a period of nine to 28 months. 
Five of these grafts eventually closed during an interval of 
five to 18 menths. Patency could not be restored in four 
grafts and one of these patients required an above- 
the-knee amputation; three of these grafts that underwent 
thrombeetoms bezame infected and required removal. One 
of these pa-ients required an above-the-knee amputation. 
False aneurrsms developed in two patients. Dne was 
repaired suczessfully and one of these patients died. 
Primary gra't infections developed in two patients and 
both requirec graft removal. There were 15 (8%) above- or 
below-the-kn»e amputations, all in cases of graft failures. 
Four true graft eneurysms developed in grafts used for 
vascular access. ( 


PTFE Grefts in the Femorotibial Position 


Femorotibml bypasses were carried out in 17 patients. 
There were s x grafts to the anterior tibial arter es; eight 
grafts to the dosterior tibia. artery, and three gra*ts to the 
peroneal arzery. The indication for surgery in all of these 
patients wes lim» salvage and all of them hac various 
degrees of limited gangrene of toes or portions of the foot. 
The cumulative patency rates for this group of patients 
was 40.4% at the 2nd of the first year of observa-ion. 


PTFE Grafts in Other Locations 


Sixty-three gra^ts were used as vascular substitutes in a 
variety of other anatomic locations. The locations and the 
patency rate for these grafts is given in Table 3. 


PTFE Grafts for Vascular Access 


A tota! of 38 g-afts were implanted in either the arm, 
forearm, or lez as arteriovenous communication tc serve as 
vaseular aecess for hemodialysis. The cumulative patency 
rates for this group of grafts was 83% at the end of one 
year, 79% a= -he end of two years, and 60% at the end of 
three years. Details of this particular experience will be 
included in a separate artide. 


COMMENT 


Experience has taught the surgical community to exer- 
cise extreme eautipn in the avaluation of any new vascular 
prosthesis. Before one is judged to be safe and aczeptable, 
experienee with = substantial number of grafts over an 
extended perod cf time, preferably five years or more, is 
required. AltFouga3 the experience in this report is substan- 
tial, the relatively short period of observation mandates 
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Table 3.—Polytetrafluoroethylene Grafts in Other 
Anatomic Locations 



















No. of No. of 96 

Grafts Grafts Open Open 
Axillary femoral grafts 20 17* 85 
Femorofemoral 10 8 80 
Aortorenal 7 7 100 
Axillary axillary 5 4 80 
Carotid artery 4 4 100 
Popliteal artery 2 2 100 
Aortofemoral bifurcation 

grafts 2 1 50 

Brachial radial arteries 7 6 86 
Aortomesenteric 2 1 50 
lliofemoral 





*Two open after thrombectomy. 
1Two to 30 months. 


that any conclusions be regarded as preliminary. 

There is no ideal replacement for small or medium-sized 
arteries. Since Kunlin's' original work, the autogenous 
saphenous vein has remained the prosthesis of choice 
especially in the femoropopliteal location. Since the autoge- 
nous saphenous vein is not always available, the use of 
many alternative conduits have been reported.** Results 
with all of these, with the exception of the umbilical vein, 
have been judged to be inferior to those obtainable with 
the autogenous saphenous vein. The latter is not an ideal 
substitute either. It is not always available; harvesting 
involves additional trauma and operating time; areas of 
stenosis and intimal thickening develop in a considerable 
number of grafts, thus causing late failures—years after 
implantation. 

In evaluating results of vascular reconstructive proce- 
dures, success or failure is determined by multiple factors 
in addition to the inherent qualitites of the vascular 
prosthesis used. The results reflect the overall characteris- 
tics of the patient material, the extent and distribution of 
obliterative vaseular disease and the philosophy of the 
individual surgeon or surgeons as to the extent to which 
one should carry attempts of limb salvage. The less restric- 
tion that one imposes in the choice of candidates for 
vascular reconstruction and the more aggressive the 
attempts at limb salvage, the worse the overall results will 
be, regardless of the vascular prosthesis used. Our group's 
poliey toward attempts at limb salvage has been a rather 
aggressive one, which inevitably leads to a higher failure 
rate that would be reflected in the overall results. This 
statement is not intended to defend or condemn such a 
policy, but rather to clarify why the overall results may be 
inferior to those reported by others. 

The results as reported in this study are comparable with 
those achieved by our group and others'" with the autoge- 
nous saphenous vein, when used under similar circum- 
stances. The high-interval patency rates after the initial 
six months probably reflect better on the nature of the 
graft than the cumulative patency rates, which reflect such 
factors as the judgment involved in the evaluation of the 
extent of arterial disease and extent of tissue loss, choice of 
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Fig 1.—Polytetrafluoroethylene graft maintaining patency 
with only peroneal artery runoff (11 months). 





Fig 2.—Polytetrafluoroethylene 
graft maintaining patency with 
only posterior tibial artery runoff 
(14 months). 
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procedure, as well as surgical technique. This higa-interval 
patency rate is encouraging, since it may indicate that 
some of the late graft failures that occur with the autoge- 
nous saphenous vein because of stricture formation or 
intimal thickening may be avoided with the use of the 
PTFE graft. 

Some of the conclusions that can be derived from this 
experience are better expressed in negative terms. There 
have been no graft-specific complications. The only excep- 
tions are four true aneurysms that occurred in the vascular 
access grafts. All four of these aneurysms occurzed in the 
same type of graft. There has been no unusual tendency 
for development of graft infection even in cases where 
distal infection or gangrene was present. No cases of 
mechanical graft deterioration have been encountered. 

Results with the graft when used for vascular access are 
better than those obtainable with other prosthetic materi- 
als, such as the modified bovine heterograft." The PTFE 
graft, therefore, appears to be adequate when used for this 
particular purpose. 

On the basis of this experience, the PTFE graft appears 
to be a promising and versatile vascular prosthesis. Tech- 
nically, the graft can be handled with standard vascular 
surgery techniques. Several points warrant special empha- 
sis. The surgeon should bear in mind that the PTFE graft 
does not have any elastic properties and the estimation of 
the length of the graft required should be very azcurate to 
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avoid undue tension or redundancy. There is a tendency for 
excessive bleeding from the needle holes that can be 
minimized by using very fine suture material suca as 6-0 
Prolene; sharp ins-ruments should be used in fashioning 
the end of the graft to avoid shredding of the Rotes 
covering. 

For the period of observation, the graft has fur T 
satisfactorily in the femoropopliteal locations, as a vascular 
access, and in var ous other substitutions or bypasses of 


small or medium-sized arteries. The adpliscs vith the 
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femorotibial grafts is too small to allow for definitive 
conclusions. It has been gratifying, however, to notice 
long-term patency in some cases with extremely poor 
runoff (Fig 1 and 2). Thus, while initially the PTFE grafts 
were used only in extreme situations when an autogenous 
saphenous vein was not available and the patient was 
threatened with loss of extremity, it is now frequently 
used as the prosthesis of choice. Based on our experience, 


we have concluded that continued cautious application of 


| this new vascular prosthesis is justified. 


m. 
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seeding Endothelium Onto 
Canine Arterial Prostheses 


* To identify prostmetic characteristics that support the prolif- 
eration af an endothelial lining, 14 different graft desicns were 
studied im dogs. The grafts were prepared by the tse of a 
technique of endothelial seeding that we described previously. 
They were studied two and four weeks after their implantation. 
Weft-knit Dacron grafts (water porosity from 1,400 o 1,650 
mL/min/sg cm) were the most successful. A velour index 
(velour stitch trequercy times velour loop height) was ccmputed. 
When the aternal vevour index (IVI) was 60,000 loop-«/sq cm, 
the percentage ef clat-free surface was 17.2 + 14.5%, cempared 
with 62.0 — 26.9% when the IVI <60,000 loop-1,/sq cm. Endothe- 
lium could be detected on 61.5% of the grafts wher the IVI 
—60,000 loop-u/sq cm, compared with 0% when the 
IVI > 60.020 loop-;^sq cm. The cells that formed the outer 
capsule were better organized and more adherent to he graft 
when an external veleur was present, but external velour did not 
affect the inner ininc. We conclude that weft-knit Dacren grafts 
with water porosities from 1,400 to 1,650 mL/min/sq cm and 
with limited internal velour (IVI < 60,000 loop-./sq cm) are 
suitabie substrates for single-staged endothelial-cell seeding. 

(Arch Serg 114:673-682, 1979) 


AT both aatogenous vein and plastic prcstheses 
may serve adequately as conduits for arterial bypass, 
the thremdogenic pseudointima of a prosthesis serves as a 
crude substitute for an endothelially lined vein. The endo- 
thelium is capable of regeneration, resists clotting, and 
possibly resists hematogenous bacterial invasion.' We have 
developed a single-staged technique for growing autoge- 
nous endethelium ən the inner surfaces of arterial pros- 
theses.” The purpose of this study is to determine which of 
the many types of arterial prostheses support endothelial 
growth aud te determine which of their characteristics 
make them satisfaetory. 


MAT=RIALS AND METHODS 


The infrarenal aortas were replaced aseptically with 6-mm 
grafts of various types (Table 1) in 14 healthy, anesthetized 
mongrel degs, who weighed 14 kg or more. The right saphenous 
vein was soleted, izrigated with chilled Sacks solution,’ and 
opened longitudinally: The endothelium was scraped off, using a 
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The Effects of Graft Design 


Malcolm Herring, MD; Austin Gardner, MD; John Glover, MD 


No. 2 steel-wool pledget. The cells were rinsed into a chilled glass 
tube, using 2 mL of Sacks solution. The grafts were preclotted, 
using 3 mL of unheparinized blood, which was drawn from the 
vena cava and mixed with one third of the cell suspension. The 
graft was exposed to this blood for two to three minutes or until 
overt clotting occurred. Using a new syringe and needle for each 
aspiration of caval blood, this step was repeated twice, with the 
graft exposed for 30 and 15 seconds, respectively. Finally, 5 mL of 
caval blood, which were mixed with 2,000 units of heparin sodium, 
were force flushed through the occluded graft until the interstices 
were rendered hemostatic. Each dog then received heparin sodium 
(100 units/kg) intravenously prior to aortic clamping and interpo- 
lation of the graft. 

The grafts were removed two weeks after implantation and 
were quickly rinsed and photographed. Each graft was divided 
longitudinally. Half of it was placed in a 0.3% silver nitrate 
solution for five minutes, after which it was rinsed with saline 
solution and placed under a light source for ten to 20 minutes. A 
photographic, 35-mm color transparency was made and projected 
onto quadrille paper. The percentage of clot-free graft surface was 
computed by dividing the total number of projected squares into 
the number of squares subtended by the clot-free portion of the 
projection. 

Microscopic sections stained with hematoxylin-eosin were 
prepared to assess the nature and thickness of the inner and outer 
capsules. The inner capsule was measured from the lumen to the 
inner edge of the fabric. Fabric thickness was measured from the 
inner to the outer edge of the fabric. The outer capsule was 
measured from the outer edge of the fabric to the perigraft fat. 
Measurements were made with the use of a calibrated, eyepiece 
micrometer, with samples at several different sites. Cellular 
organization was graded as good, moderate, or poor, based on the 
presence of distinct nuclei, cellular membranes, and cellular 
alignment. 

Hautchen slides stained with silver nitrate were made using the 
silver nitrate-treated specimen that was preserved in 10% 
buffered formaldehyde solution. The inner capsule was skived 
from the graft material with the use of a No. 11 scalpel blade. This 
tissue was pressed between cellulose polyacetate membranes, 
dried, cleared with xylol, mounted with synthetic mounting 
medium, and examined microscopically.‘ Staining patterns were 
evaluated to confirm the presence of surface endothelium and to 
assess the continuity of the cellular monolayer. 

Fabric characteristics, including the type of polymer from which 
the yarn was made, the yarn denier or weight, and the yarn 
filament count, were obtained from the manufacturer. 
Unimplanted portions of the test grafts underwent water porosity 
testing by the Wesolowski** method. The thickness of the fabric 
and any velour heights were measured with the use of a calibrated, 
eyepiece micrometer and unsoiled graft fabric. Velour fabric is 
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constructed with yarn loops oriented perpendicularly to the fabric 
plane; therefore, the velour height was measured from the fabric 
base to the average extent of the velour loops. A velour index was 
defined as the product of the wales per centimeter, the courses per 
centimeter, and the velour height, and it was reported in loop-p per 
square centimeter (Fig 1). 

From an assessment of the 14 different grafts, five types were 
selected for further study because of their superior gross and 
histologic appearances. One other type (Microvel, Meadox Medi- 
cals) was arbitrarily selected for further study. Of these six types, 
two of each were implanted for a month and then were studied in 
the same manner. 

The fabric characteristies were compared individually as to their 
capacity to support endothelium. For example, Teflon grafts were 
compared with Dacron, ete. The x? analysis was used as a test of 
significance. 


RESULTS 


The characteristics of the various graft fabrics (Table 1) 
were compared with several measurements o? healing 
(Table 2). Whereas woven Dacron and Teflon grafts (Fig 2 
and 3) permitted patchy endothelial healing, tre grafts 
that most successfully supported an endothelium were 
weft-knit Dacron grafts (Fig 4 and 5) with yarn deniers of 
120 and 140, yarn filament counts of 80 and 108, and stitch 
frequencies of 480 to 800/sq cm. 

The water porosity of grafts that supported encothelium 
was compared with those that did not. The average poros- 
ity of grafts that supported endothelium was 1,-56 + 637 
mL/min/sq em. A comparison of grafts within this range 
and those outside it showed that water porosity did not 


Table 1.—Characteristics of Prosthetic Fabrics 


Porosity, 
mL/min/sq cm Thickness, p 


Construction 
Sauvage, filamentous 


Weft-knit, velour Dacron 1,500 


Internal Base External Internal 
Velour Fabric Velour Velour index, 


Thickness, » Thickness, y loop-./sq cm 
120 110 210 58,- 00 


DeBake Weft-knit Dacron 1,640 NAF 3 
2 


DeBakey Weft-knit, velour Dacron 1,200 2 110 130 137,C00 


i 0 

DeBakey Taffeta, woven Dacron 245 3 0 
E : 6 3 
7 


0 
0 
dwards Tafetta, woven Teflon 0 
0 


4 
5 
0 


Szilagyi" Tafetta, woven Dacron 1,300 
(Helanca) 


3 
Microvel Warp-knit, velour Dacron 1,780 190 2 2 73,£00 


0 

i 4 

: 2 
Edwards Weft-knit Teflon 1,570 3 0 
Micronit Weft-knit Dacron 2,400 2 0 


e 
0 
E 
0 


Bioelectric'" elastomere Warp-knit velour, carbon/ 280 5 510 75,000 
polyurethane-backed 


Oxidized Orlon” 


Microfiber-B'* Polyurethane-backed 


NA 
NA NA 
3C 
NA NA 
90 
NA 
NA 00 NA 
NA 50 NA 
NA 40 NA 
00 NA 
NA NA 


Warp-knit Orlon 5,500 





2,230 0 


*Microvel is manufactured by Meadox Medicals; PTFE (Gore Tex) by W. L. Gore & Associates, Inc; Micronit by Golaski Laboratories Inc; Bioelectric 
elastomere by US Catheter Co; Microfiber-B by Union Carbide Corp; and Helanca woven Dacron by John Sidebotham, Inc. 


FNA indicates not applicable. 
PTFE indicates expanded polytetrafluoroethylene. 


Table 2.—Healing of Prostheses 


96 Clot-free Endothelium 


Surface 


Edwards, knit 
Micronit 

Bioelectric elastomere 
Oxidized Orlon 


Microfiber-B Absent 





Outer Capsule 
ee 
Thickness, u Organization 


Inner Capsule 


Organization 


1,635 + 241 


Occluded 


*Vasculour-D is manufactured by United States Catheters & Instruments, Division of C. R. Bard Inc; Microvel by Meadox Medicals; PTFE by W. L. Gore & 
Associates, Inc; Micronit by Golaski Laboratories Inc; Bioelectric elastomere by US Catheter Co; Microfiber-B by Union Carbide Corp. 


TAverage. 
TA indicates torn away during sectioning. 
&8PTFE indicates expanded polytetrafluoroethylene (Gore Tex). 
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Fig 1.—internal velomr index is product of velour heigh: (h) and 
loops per square centimeter. 





Fig 2.—Edwards, weven Teflon prosthesis, one morth after 
implant=ien 
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Fig 3.—DeBakey, weven Dacron prosthesis, one month after 
implantation 





Fig 4.—DeBakey. knitDacron prosthesis, one month after implan- 
tation. 





Fig 5.—Sauvage- filamentous Dacron prosthesis, one month after 
implantation 
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correlate significantly either with the percentage of clot- 
free surface (55.8 + 32.5% vs 37.2 + 27.7%: P < .20) or with 
the thickness of the inner capsules (310 + 271 u vs 
296 + 208 p). 

Excessive internal velour construction adversely af- 
fected the fabric’s capacity for endothelial support. The 
thinness of the inner capsule correlated with both the 
presence of endothelial cells (188 + 154 u [when cellular] vs 
456 + 271 u [when acellular]; P < .0005) and the percent- 
age of clot-free graft surface (35.2 + 22.2% with the 
capsule >500 u vs 61.7 + 31.4% with the capsule <500 y; 
P < .025). The height of the internal velour loops did not 
correlate with the thickness of the inner capsule and 
consequently bore no relationship with the presence of 
endothelium or the percentage of clot-free surface. 

The total amount of velour yarn that extended into the 
lumen from the fabrie base is roughly quantitated by the 
internal velour index (IVI). The IVI significantly affected 
the percentage of clot-free surface (62.0 + 26.9% when the 
IVI < 60,000 loop-u/sq em vs 17.2 + 14.5% when the 
IVI > 60,000 loop-1/sq em, P < .0005) and the percentage 
of grafts that supported endothelium (61.5% when the 
IVI < 60,000 loop-u/sq em vs 0% when the IVI > 60,000 
loop-u/sq em; P < .05). No significant correlation of the 
IVI with the inner capsule thickness or the degree of inner 
capsule organization could be made. 

Of the grafts with external velour, 88% demonstrated 
moderate to good outer capsule organization as compared 
with 33% of the grafts without this feature (P < .005). 
Many of the grafts without external velour were separated 
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Fig 6.—Polytetrafluoroethylene prosthesis, section one month 
after implantation (hematoxylin-eosin, original magnification 


x 10). 
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from the cellular outer capsule during specimen procure- 


ment and processing. There was no suggestion that the 


presence of an external velour improved the healing of the 
inner capsule. 

The experience with the knit Teflon graft showed that 
this graft could not be satisfactorily heparinized as trans- 
interstitial bleeding, refractory to topical thrombin, 
occurred in each case. The expanded polytetrafluoroethyl- 
ene graft, another variety of Teflon graft, demonstrated a 
poor adherence of the inner capsule to the graft material, 
with evidence of inner-lining detachment in nearly every 
section (Fig 6.) 

Polyurethane-backed Microfiber-B, Union Carbide Cor- 
poration, demonstrated severe delamination of the 
microfiber from the backing after the graft had become 
wet with blood. Another diffieulty encountered with the 
polyurethane seam was that it became detached shortly 
after arterial pressure was reestablished. This detachment 
was repaired with sutures; however, blood dissected the 
plane between the polyurethane and the Microfiber-B. 

The oxidized Orlon graft was rudimentary in construc- 
tion. The entire graft became aneurysmal during the 
two-week implantation period. To what extent this 
contributed to the formation of a thickly laminated inner 
capsule is indeterminate. 


COMMENT 


The dog's capacity to heal porous arterial prostheses 
more closely approximates the human's than that of the 
pig, calf, or baboon.** Yet, this is an approximation and 
does not necessarily describe interspecies variation in 
healing after endothelial seeding. Many prosthetic design 
variables are difficult to control even when fabrics are 
especially constructed for study purposes. Despite these 
difficulties, this study shows that graft design determines 
the success of single-staged endothelial seeding in dogs. In 
fact, the effects of design were sufficiently remarkable as 
to be evidenced by a relatively limited number of evalua- 
tions. 

Only two polymers supported endothelium. A woven 
Teflon graft demonstrated one small area of endothelium. 
The most successful endothelialization occurred on Dacron 
prostheses. The delamination of the inner capsule from the 
polytetrafluoroethylene (Gore Tex, W. L. Gore & Asso- 
ciates, Incorporated) graft and the noticeable interstitial 
bleeding through the knit Teflon graft suggest that it was 
difficult for cellular elements to adhere to Teflon, a 
problem not encountered with Dacron grafts. 

Knit fabrics demonstrated more complete healing than 
did woven grafts. Wesolowski et al^* demonstrated the 
benefits of fabric porosity on inner-capsule nutrition and 
stability. We did not show a significant effect of porosity 
on the fabrie's ability to support endothelium. Patchy 
endothelium was supported by low-porosity grafts, and one 
of the higher-porosity grafts failed to support any endo- 
thelium. This leads us to conclude that water porosity in 
this range is optimum, but is not the sole determinant of 
the graft's ability to support endothelium. 

The effects of the internal velour on graft healing do not 
seem to be related to its thickening of the inner capsule, an 


682 Arch Surg—Vol 114, June 1979 


effect that might be E to sitantene with: dining 
nutrition.°* The IVI represents an index of the mount of. 
fabric that projects into the inner capsule from the graft 
itself. The hindrance of healing when the IVI exceeds 
60,000 loop-u/sq cm suggests that a greater bulk of foreign 
material may adversely affect the lining cells, perhaps 
inducing fibrous metaplasia. A closer approximation of the 
critical IVI awaits the evaluation of experimental Dacron 
fabrics with differing IVI and constant porosities. 

External velour improved the outer capsule tenacizy and 
cellular organization, neither of which bore any relevance 
to the healing of the inner capsule. Improved teracizy and 
organization may protect and provide long-term nuzrition 
to the inner capsule through the developmenz o? vasa 
vasorum and through the prevention of perigraft hemato- 
ma. | 
Experimental grafts, such as the polyurethane-backed 
Microfiber-B and oxidized Orlon grafts, must be consid- 
ered rudimentary in their construction. They shculd not be 
summarily rejected. Rather, they require furth2r evalua- 
tion as manufacturing techniques improve. 


CONCLUSION 


We conclude that weft-knit Dacron arterial prostheses, 
with water porosities of 1,400 to 1,600 mL/min/sq em and 
limited IVIs («60,000 loop-u/sq em), satel ones y sapport 
single-staged seeding of endothelium. 


Dow Pharmaceuticals and Lilly Pharmaceuticals, Indianapols, gave 
financial support. 

Katherine M. Botsko of United States Catheters & Instruments, Division 
of C. R. Bard Ine, Billerica, Mass, performed the water porosity ard fabric 
measurements. Graft materials and fabric information were sudplied by the 
following: United States Catheters & Instruments, Division of C. R. Bard 
Ine, Billerica, Mass; Meadox Medicals, Oakland, NJ; John Sidebotham, Ine, 
Philadelphia; James N. Ross, Jr, DVM, PhD, Toledo; F. R. Tittman ef Union 
Carbide Corp, Bound Brook, NJ; William V. Sharp, MD, Akron, Ohio; W. L. 
Gore & Associates, Ine, Flagstaff, Ariz; and Golaski Labo-atories Inc, 
Philadelphia. 
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Cefamandole Nafate 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae), Haemophilus influenzae, 
Klebsiella species, Staphylococcus aureus ( penicillinase and non- 
penicilinase-producing). beta-hemolytic streptococci, and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species, Klebsiella 
species, group D streptococci (Note: Most enterococci, e.g., S. faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus(penicillinaseand non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicillinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, E. coli, Enterobacter species, and P mirabilis 

Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females. lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro: however. infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known: however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified, Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending onthe severity ofthe infection and the patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended, especially in seriously ill patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling’s solution or with Clinitest® tablets but not with Tes-Tape" (Glucose 
Enzymatic Test Strip, USP, Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests. 

Usage in Pregnancy —Safety of this product for use during pregnancy has 
not been established. 

Usage in Infancy — Mandol has been effectively used in this age group, but 

“all laboratory parameters have not been extensively studied in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 
ministered to infants. the physician should determine if the potential benefits 
outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eosino- 

philia, and drug fever have been reported. These reactions are more likely to 

occur in patients with a history of allergy, particularly to penicillin. 
Blood—Neutropenia and thrombocytopenia have been reported rarely. 
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Some individ ials have developed positive direct Coombs tests during treat- 
ment with the-cephalosporin antibiotics. 

Liver—Transient rise in SGOT, SGPT, and alkaline phosphatase levels has 
been noted. 

Kidney— Decreased creatinine clearance has been reported in patients 
with prior reral impairment. As with some other cephalosporins, transitory 
elevations of 3UN have occasionally been observed with Mandol. their fre- 
quency increases in patients over 50 years of age. In some of these cases, 
there was also a mild increase in serum creatinine. 

Local Reac-ions — Pain on intramuscular injection is infrequent. Thrombo- 
phlebitis occurs rarely. 


Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefamandole s 500 mg to 1 gm every four to eight hours. 

In infections of skin structures and in uncomplicated pneumonia, a dosage 
of 500 mg every six hours is adequate. 

In uncomp: cated urinary tract infections, a dosage of 500 mg every eight 
hours is suffiaent. In more serious urinary tract infections, a dosage of 1 gm 
every eight hcurs may be needed. 

In severe infections, 1-gm doses may be given at four to six-hour intervals. 

Inlife-threazning infections or infections due to less susceptible organisms, 
doses up to 2 gm every four hours (i.e., 12 gm per day) may be needed. 

Infants and Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible toMandol.This may be increased to a total daily dose of 150 mg/kg 
(not to exceec the maximum adult dose) for severe infections. (See Warnings 
and Precauticns for this age group.) 

Note: As wi h antibiotic therapy in general, administration of Mandoi should 
be continued for a minimum of 48 to 72 hours after the patient becomes 
asymptomatic or after evidence of bacterial eradication has been obtained; a 
minimum of =n days of treatment is recommended in infections caused by 
group A betanemolytic streptococci in order to guard against the risk of rheu- 
matic fever cr glomerulonephritis; frequent bacteriologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infection and may 
be required for several months after therapy has been completed; persistent 
infections may require treatment for several weeks; and doses smaller than 
those indicated above should not be used. 

Impaired Fenal Function — When renal function is impaired, a reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial doseof to 2gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment, severity of injection, and 
susceptibility of the causative organism. 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 











Life-Threatening 
Creatinine Clearance Infections — Less Severe 
(ml/min/ - 73 m?) Renal Function || Maximum Dosage | !nfections 


2 gm 1-2 gm | 
[o9 pow om | Wes 


0.75-1.5 gm 
qh 




















Mild Impairment 








Moderate 
Impairment 










Severe 
Impairment 









0.50.75 gm 
qgi2h 





0.67 gmq8h 
Impairment OR 





1gmq 12h 








0.5gmq8h 2 
= 2 None OR 025 VAL 
075gmq 12h a 


When only serum creatinine is available. the following formula (based on 
sex, weight. and age of the patient) may be used to convert this value into 
creatinine cl2arance. The serum creatinine should represent a steady state 
of renal funcion. 


Weight (kg) x (146 — age) 
72 « serum creatinine 
0.9 x above value 


Males: 


Females: 


How Supplied: Vials Mandol* (cefamandole nafate, Lilly), for Injection, 500 mg . 


and 1 gm(ecuivalent to cefamandole activity), 10-ml size, in packages of 1 and 
Traypaks™ (multivial cartons, Lilly) of 25. 2 gm (equivalent to cefamandole 
activity), 20- ml size, in packages of 1 and Traypaks of 10: 1 and 2 gm (equiva- 
lent to cefamandole activity), 100-ml size, in Traypaks of 10 [101378] 


Lilly 


900340 


Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis. Indiana 46206 
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Vascular Grafis 


Current Arterial Prostheses 


Experimental Evaluation by Implantation in the 
Carotid and Circumflex Coronary Arteries of the Dog 


Lester R Sauvage, MD; Mark W. Walker, MS; Knute Berger, MD; Stephen B. Robel, MS; 
Michael M. Lischko. MS; Stanley G. Yates, MS; Gordon A. Logan, MD 


© Five types of 4-mm diameter arterial prostheses (three 
Dacron, one expamded Teflon, one preserved umbilical vein) 
were stuciec in the dog to assess graft thrombogenicity. Sepa- 
rate experiments imvolving six hours of controlled b-ood flow, 
one-wee& carctid implantation, and aortocoronary imolantation 
were performed. In general, graft thrombogenicity derived from 
controlled flow study was more predictive of a graft's long-term 
implanta:.on success than were one-week implantaticn results. 
In order af increasing thrombcgenicity, we ranked grafts studied 
as follows: noncrimped Dacron, expanded Teflon, crimped 
Dacron, umbilical vein. Results of 19 experimental left coronary 
artery implantations using Dacron or Teflon prostheses are 
reported that indicate grafts with low measured thrombogenicity 
are mos: likelv to succeed ir this site. Data presented in this 
report sugges? there is reason to evaluate noncrimped, kink- 
resistant. porous Dacron grafts for use both in the left coronary 
artery amd below t»e knee when there is compelling clinical 
indication and no autogenous vessels are available. 

(Arch Surg 114:637-691, 1979) 


V Te have conducted experimental studies in the small 

arteries of -he dog tc assess the in vivo thromboge- 
- nieity of expanded polytetrafluoroethylene (PTFE [Gore- 
Tex], preserved umbilical vein (Meadox Biogreft), and 
three variations of knitted Dacron prostheses (USCI 
Sauvage Filamentous Vascular Prosthesis). Arterial auto- 
graft studies served as controls. Grafts were compared and 
characterized by results obtained in acute (six-hoar) stud- 
les at controlled low flow rates in the carotid arteries, 
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observed after one week of implantation in the carotids, 
and obtained from aortocireumflex bypass studies. 


MATERIALS AND METHODS 
Acute, Controlled Low-Flow Carotid Implantation 


The experimental design of acute flow studies is shown in Fig 1. 
Their purpose was to observe flow surfaces of 6 cm long, 4 mm 
diameter interposition grafts implanted bilaterally for six hours in 
the canine carotid artery, during which flows were held at specific 
reduced rates. Flow control was achieved by constricting the 
carotid distal to the graft by a specially designed screw clamp 
(Robel clamp). Flow was measured with an electromagnetic flow 
probe placed on the carotid proximal to the graft. Flow surface 
effects following six hours exposure to flows of approximately 100, 
75, 50, and 25 mL/min (corresponding to velocities in 4 mm 
diameter grafts of 13.0+, 10.0, 6.5, and 3.0+ cm/s) were observed 
in at least four experiments at each flow rate. Additional studies 
were made where necessary on some of the grafts. 

All grafts implanted were of clinical quality and were prepared 
according to manufacturer’s guidelines, Expanded polytetrafluor- 
oethylene grafts were implanted with no pretreatment or blood 


exposure, Preserved umbilical vein grafts were flushed with5Lof . 


Ringer’s lactate containing 10,000 units heparin sodium per liter. 
Three types of knitted Dacron grafts (crimped; noncrimped, 
supported; and noncrimped, nonsupported) were preclotted by a 
four-step technique’ involving terminal inflation with heparinized 
blood (10 mL of heparin sodium in 20 mL of blood). All animals 
received 1 mg/kg heparin sodium two minutes before releasing 
the carotid clamps. Twenty minutes later, heparin was neutralized 
with 1 mg/kg of protamine sulfate. Thrombin time clotting 
studies indicated this protamine dosage was adequate to totally 
neutralize circulating heparin. 


Graft Analysis 


Conventional measurement of graft patency or occlusion 
became inadequate for precise graft characterization. We there- 
fore devised a quantitative method to measure flow surface 
thrombus deposited during periods of controlled flow. The 
measurement, called thrombus-“free” surface (TFS), is derived at 
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. Fig 1.—Thrombotic threshold velocity (TTV) of 4-mm prostheses 


is derived from series of experiments in which flow is regulated for 
six hours at 100, 75, 50, and 25 mL /min, followed by assessment 


of percentage of thrombus-free surface (TFS). Flow at which 


average TFS falls to 5096 is defined as graft's TTV (in centimeters 
per second). 


Table 1.—Comparative Thrombogenicity Observations 


of 4mm Grafts in the Canine Carotid Artery 

Acute 6-hr Studies 7-Day Implantation Studies 

CC 
1-wk 1-wk 
TFS;  Patency, % 


TTV, 
cm/s* No. 


USCI Sauvage 
noncrimped, 
supported 


Dacron 26 


USCI Sauvage 
noncrimped, 
nonsup- - 
ported Da- 
cron 


Gore-Tex ; i 100 


USCI INKET 
crimped Da- 
cron 

Meadox Bio- 
graft 


*Thrombotic threshold velocity. 
+Thrombus-'‘free”’ surface. 





autopsy by stereo microscope examination of the flow surface for 


_ thrombus deposition and assigning to it a numerical score between 


0 and 100. By definition, the TFS score is the percentage of flow 
surface that remains free of thrombus; thus, a thrombus-free flow 
surface is scored 100, while a surface 90% covered with thrombus is 


.. scored 10. An occluded graft receives a score of 0. 


Our studies indicated that the TFS scores fell as the controlled 


velocity was reduced, so we used TFS to define a quantitative 
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Fig 2.—Implantation site for study of 4-mm diameter grafts in left 
(circumflex) coronary artery of large dog. End-to-end, rether than 
end-to-side, anastomosis is performed to expedite placement. 


measure of graft thrombogenicity. We termed this measure 
thrombotic threshold velocity (TTV) and defined a graft's TTV as 
that veloci: y at which the average of the TFS scores fell below 50. 
Thus, a graft material ean be expected to accumulate a heavy 
thrombus deposit or to occlude at any velocity below its “TV (S. B. 
Robel, MS. M. W. Walker, MS, L. R. Sauvage, MD, et al, unpub- 
lished observations, January-June, 1978). 


One-Week Carotid Implantation 


The same types of grafts studied acutely were ‘mplanted 
unilaterally under sterile conditions as 6 em interposition replace- 
ments in the canine carotid artery. Seven days after implantation, 
each animal was anesthetized (10 mg of pentobarbital per 0.45 kg) 
and heparimized (10,000 units intravenously). Neck wounds were 
opened and reaction about the grafts was noted. Pulsation in the 
carotid proximal and distal to the graft was noted, fcllowed by 
clamping several centimeters distal to the graft and t-ansection 
just proximal to the clamp. The degree of bleeding frcm the cut 
end of the carotid artery was noted, with strong bleeding indicat- 
ing a widely patent graft and absence of bleeding an occluded 
graft. The graft was then removed and transected and assessed 
for TFS. Percentage patency or each gran type at one week was 
calculated. 
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nary Synthetic Graft Implantation 





Diameter, mm No. | Result 





Nonanticcagulated animals 


Gore-Tex ta 1 7 Animal died at 3 days (graft not patent) 
USCI Sauvage | | | 
norcsimpes 
4 supported | ; 
t Dacron 3 1 Animal died at 2 days (graft not patent) 
4 1 Animal died at 6 hr (graft not patent) 
4 1 Animal died at 20 hr. (graft not patent) 
4 1 Animal killed at 20 hr (graft patent) 
4 1 Animal died at 22 hr (graft not patent) 
4 2 Animal died at 2 days (graft not patent) 
4 1 Animal died at 4 days (graft not patent) 
4 2 Animal died at 5 days (graft not patent) 
4 1 Angiogram at 14 days (graft not patent) 
| 4 1 Angiogram at 15 days (graft patent) — . 
"2 | Angiogram at 29 days (graft not patent) 
Nonwoven — 
Dacron 4 1 Animal died at 21 hr (graft patent, clean) 
4 1 Animal died at 5 days (graft not patent) 
Ney E 1 Angiogram at 21 days (graft not patent) 
Anticoagulated ammais 
Gore-Tex 4 1 Angiogram at 9 days (graft patent)* 
USC! Sauvage 
nancrimped 
supported 
Dacron 4 1 Animal died at 2 hr (graft patent) 
4 Animal died at 12 days (graft patent) 
4 Angiogram at 22 days (graft patent)? 


Angiogram at 46 days (graft patent) 


4 1 Angiogram at 37 days (graft not patent; animal 
paraplegic from time of surgery) 


*Following submiss:on of manuscript, angiography on this animal 54 days postimplant indicated graft not patent. Anticoagulant regimen was in 
effect. 


TFollowing submission of manuscript, angiography on ths animal 78 days postimplant indicated graft still patent. Anticoagulant regimen was 
discontinued at 90 das. Animal died 102 days postimplant. i 
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e Fig 3.—Percentage of thrombus-free surface (TFS) of 4-mm diameter grafts in canine carotid artery for six hours at flow rates of 100, 
^ 75, 50, and 25 mL min and lower. Thrombotic threshold velocity (TTV) is defined when TFS falls to 50%. TFS percentage in grafts 


implanted for seven days at right, with unrestricted fiow ranging from 50 to 200 mL/min. 
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15 DAYS 


Fig 4.—Selective arteriogram showing 4-mm diameter aortocir- 
cumflex coronary graft of noncrimped, supported knit Dacron at 
15 days in dog not receiving anticoagulants. Graft occluded on 
arteriogram at 29 days. Anastomoses (arrows). 


Fig 6.—Selective arteriogram showing patent 4-mm diameter 
aortocircumflex coronary graft of PTFE at nine days in dog 
receiving anticoagulants. Anastomoses (arrows). 


Aortocircumflex Coronary Implantation 


Grafts showing promise in the carotid studies were advanced to 
the most stringent test, left coronary implantation (Fig 2). In 
these studies, the graft was anastomosed end-to-side to the upper 
descending thoracic aorta and end-to-end to the distal circumflex 
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Fig 5.—Selective arteriogram showing patent 4-mm diameter 
aortocircumflex coronary graft of noncrimped, supperted knit 
Dacron at 46 days in dog receiving anticoagulants. Flow probe on 
graft and ground wire are seen. Flow measurements could not be 
obtained after tenth day because dog chewed lead off. Anasto- 
moses (arrows). 


coronary artery. Implantations were performed without cardiopul- 
monary or local bypass, but if fibrillation occurred during coronary 
anastomosis, the heart was massaged between stitches and defi- 
brillated at completion of anastomosis. Graft patency was 
assessed pestoperatively by periodic angiography. 

All grafts were implanted in fully heparinized animals (300 
units/kg). Protamine sulfate administration was delayed until 20 
minutes after full flow through the graft had been established. 
Initial studies were conducted without warfarin sodium or anti- 
platelet medications. Our more recent implantations, however, 
were performed with the benefit of these agents. A typical 
regimen for a 40 to 50 kg dog included dipyridamole (100 mg/day) 
and aspirin (15 g/day) for seven days preoperatively; intraopera- 
tive dextran 40 in saline (5 mL/kg); postoperative dex-ran 40 in 
saline (500 mL/day for seven days); postoperative warfarin sodi- 
um sufficient to maintain an elevated prothrombin tim? of 1.5 to 
20 times normal, for a period of two months; pos:operative 
dipyridamole (100 mg/day) and aspirin (15 g/day) for three 
months. 


RESULTS 
Acute, Controlled Low-Flow Carotid Implantation 


The eomparative thrombogenicity (TTV) and patency 
results at one week are shown in Table 1 and Fiz 3; TTV 
results appear to be a more sensitive indicator of -hrombo- 
genicity of the graft flow surface than is the one-week 
patency. The superiority of arterial autografts to prosthet- 
ie surfaces is apparent, with the autograft maintaining a 
TFS above 50, despite complete stasis (zero flow). No other 
flow surface gives results that approach this quality. 

The adverse effects of crimping on the TTV of the 
Dacron fabric prosthesis are shown. Little difference 
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existe, however, between the two types of noacrimped 
Dacren grafts. The PTFE graft, with a TTV of 5 to 6 em/s, 
performed better than crimped Dacron (TTV ef 8 to 9 
cm/s), but not as well as nonerimped Dacron (TTVs 
between 2 and 3 em/s for both types). The umbilical vein 
graft had the least desirable TTV, 18+ cm/s. 


Aortocirzumflex Coronary Implantation 


As Table 2 shows, results obtained in 3 and 4 mm 
diameter grafts implanted as aortocoronary grafts are 


divided aecording to whether or not animals received a 
"shotgun" program of anticoagulant and anciplatelet | 


agents. With ony one exception (Fig 4),  norerimped, 


supported filamertous Dacron graft, we have been unable | 
to attain success in the absence of an anticoagulant or 


antiplatelet program. In contrast, Fig 5 and 6 show 


drug protocols. 


The adverse eTects of crimping on ME pa:ency of 
small-ealiber fabric coronary grafts is suggested by the - 
improved results with the externally supported aine, 2 


graft. | 
COMMENT . 


predicting results that might be expected with a prosthesis 


used both in man and the dog. For example, since we had | E fus prostheses. Ann Surg 188611-622, 1918. 
previously shown that a crimped knitted Dacren graft _ 
(TTV of 8+ cm/s} would work in the right coronary artery 


of mam, it seemed reasonable to presume that a PTFEE-. 


prosthesis (TTV əf 5+ cm/s) should also work in this 
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vessel. Hence, we feel the report of Molina et al,’ describing 
successful use of PTFE in the right human coronary artery 
at three months, supports the clinical transferability of our 
experimental results. 

We believe it is significant that a properly preclotted, 


. noncrimped, porous fabric prosthesis (TTV of 2.5 cm/s) has 


a flow surface that is less thrombogenic than either of the 


promising new grafts introduced in recent years: Gore- 


Tex, with a TTV of 5 em/s, and Meadox Biograft, with a 
TTV of at least 18 em/s. | 
On. the basis of our experimental observation, we 


suggest that there is reason to evaluate noncrimped, 


kink- resistant, porous Dacron grafts for use both in the 
left coronary artery and below the knee when there is 


i compelling clinical indication and no autogenous vessels 


. are available. The excellence of the arterial autografts 


successful results using a noncrimped, externally sup- (TTV of 0 cm/s) is strong testimony to the superiority of 


ported fabric graft and a PTFE graft in combina ion with w. 


an intact endothelial surface over that of any prosthesis 


nAg surface available today. The objective of a healable graft is 

| the attainment of a viable endothelial flow surface. Wheth-. 
. er this goal can be attained in small-caliber arterial 
| prostheses in man is unknown. 


_ Nonproprietary Names and Trademarks of Drugs 


We have found the TTV of a prosthesis ‘mene d an d EN ertan 40— -CMD, Gentran 40, TEMO Rheotran. 


studied im the canme carotid to be an important pert of the |. 
grafts pedigree. This "figure of merit” has value in 


Dipy ridamole—Persantine. 


EM » 
i554 
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-. Extensive research and clinical experience have — 
established that anaerobic bacteria, once thought 


also established the efficacy of Cleocin* Phosphate 
















Five years 


anaerobic infection 
you treat today 


innocuous, are often the cause of serious infections. 
During this time, clinical experience has — 


(clindamycin phosphate injection, NF) in serious 
anaerobic infections—primarily intra-abdominal T 
sepsis and female pelvic infection—used concomitantly 
with appropriate surgical procedures. 
Clindamycin has maintained an excellent record 
of in vitro activity against Bacteroides fragilis, the most 
commonly isolated anaerobic pathogen in these infections. 


In Vitro Susceptibility of B. fragilis at Three Infectious Disease Centers* 
as Determined by Agar or Broth Dilution Method 


Cumulative Percentage at 
Various Concentrations (ug/ml) 












Number of 
Strains 









Center Years —2.0 <4. £8.0 
Te E A a 5 100, - 109. 
E A E oA OR IN "Lo NER SA 100 

Wadsworth ^ to 1972 123 89 96 100 

1972-75 76 84 96 100 

— Tufts 1973-76 26 = 100 100 — 100 
Ard [25:93977 hens 59 98 98 98* 
1978 | 37 100 | . 100 100 








*Published data or data on file with The Upjohn Company. The use of this data does not 
constitute, imply, or suggest a recommendation of Cleocin by these centers. 


+Of 678 strains tested at these centers, only one resistant strain, with an MIC of 32 ug/ml, 
was encountered. 


In a study of six healthy male volunteers receiv- 
ing 600 mg intravenous infusions of Cleocin Phosphate 
every six hours, the mean peak serum concentration 
following the fourth dose was 10.42 ug/ml. The mean 
serum concentration immediately before infusing the 
fourth dose was 3.27 ug/ml. 

The parenteral route is recommended initially. 
Oral Cleocin? HCI (clindamycin HCI capsules, USP) 
may be instituted when the patient's clinical status 
has improved. 

As there is no cross-allergenicity to the 
B-lactam antibiotics, such as the penicillins and 
cephalosporins, Cleocin is useful in seriously ill 
patients infected with susceptible organisms and who 
are sensitive to drugs in those classes. Hypersen- 
sitivity to clindamycin has been reported; if a hypersen- 
sitivity reaction occurs, the drug should be discontinued. 
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Clindamycin therapy hes been associated | ate. Because of the risk of colitis, as describedin ALSO BE ADMINISTERED AS INDICATED. 
with severe coltis which may end fatally. the WARNING box, before selecting clindamycin Precautions: Review of experience to date sug- 
Therefore. it should bereserved for serious | the physician should consider the nature of the gests that a subgroup of clder patients with | 
infections where less-texic antimicrobial — infection and the suitability cf less-toxic alter- associated severe illness may tolerate diarrhea — 
agents are inappropriase, as described in the natives (eg, erythromycin). tate We less well. When clindamycin is indicated in these | 
|. INDICATIONS section. it should not be used Anaerobes: Serious respiratory tract infections ^ patients, they should be carefully monitored for 4 
* in patients with nonbaeteral infections, such such as empyema, anaerobic pneumonitis and change in bowel frequency. Prescribe with cau- — 
as most upper respiratory tract infections. lung abscess; serious skin and soft-tissue infec- tion in individuals with a history of gastrointestinal —  — 
Studies ndicate a toxim(s) produced by Clos- tions; septicemia; intra-abdominal infections such disease, particularly colitis. E 
tridia is are primary cese of antibiotic-asso- as peritonitis and intra-abdominal abscess (typi- Do not inject intravenously as an undiluted 
ciated colitis. See WARNINGS section. The cally resulting from anaerobic organisms resident ^ polus; infuse as directed in package insert. Indi- 
colitis is usually charadterized by severe, per- in the normal gastrointestinal tract); infections of cated surgical procedures should be performed 
. sistent diamhez and severe abdominal the female pelvis and genital tract such as endo- in conjuriction with therapy. Patients with very 
| cramps.anc may be associated with the pas- metritis, nongonococcal tubo-ovarian abscess, severe renal disease and/or very severe hepatic E. 
Sag? of bleod and mu-us. Endoscopic exam- pelvic cellu itis and postsurgical vaginal-cuff disease accompanied by severe metabolic aber- . 398 
| inaton may reveal pseudcmembranous infection. rations should be dosed with caution and serum 
Colis — Streptocecci. Serious respiratory tract infec- clindamycin levels monitored during high-dose 
"When significant diemea occurs, the drug tions; serious skin and soft-tissue infections; therapy. | | 
é should be discontinued or, if necessary, con- septicemia. Prescribe with caution in atopic individuals. 
tinued en'y with close 5bservation of the Staphylococci: Serious respiratory tract infec- ^ During prolonged therapy, periodic liver and kid- 
patient. Large-bowel edoscopy has been tions; serious skin and soft-tissue infections; sep- ^ ney function tests and blcod counts should be 
recommended. ticemia; acute hematogenous osteomyelitis. performed. Use may result in overgrowth of non- 
Antipenstaltic agent. such as opiates and Pneumosocci: Serious respiratory tract susceptible organisms, particularly yeasts. E 
diphenoxyiate with atrepine (Lomotil®) may infections. Should superinfection occur, adjust therapy aS — 
proong and/or worses the condition. Adjunctive Therapy: In the surgical treatment of ^ clinical situation dictates. Clindamycin has been E 
Diarrhea. colitis, anc pseudomembranous chronic bone and joint infections due to suscep- shown to have neuromuscular blocking proper- — 
colitis Have been obsesved to begin up to tible organisms. Indicated surgical procedures ties that may enhance the action of other neuro- —— ~ 
several weeks following cessation of therapy should be performed in conjunction with antibi- muscular blocking agents. Use with caution in AB 
with clindamycin. Otic therapy. patients receiving such agents. i 
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determine the causative organisms and their sus- NT E Reo gine | 
tibility to clindamycin. Eu. 9 "gn pos uem UA 
eye M Ei WARNING box.) Hypersensitivity Reactions: 5 
Contraindications: History of hypersensitivity to ^ Maculopapular rash and urticaria have been G- 
clindamycin or lincomycin. observed. Generalized mild to moderate morbilli- = 
Warnings: See WARNING box. Studies indicate form-like skin rashes are the most frequently E 
a toxin(s) produced by Clostridia is one primary reported of all adverse reactions. Rare instances ~ 
cause o` antibiotic-associated colitis. Mild of erythema multiforme, some resembling 
cases of colitis may respond to drug discon- Stevens-Johnson syndrome, have been asso- 





























tinuance alone. Moderate to severe cases ciated with clindamycin. A few cases of anaphy- —. 
should be managec promptly with fluid, lactoid reactions have been reported. If a Ne. 
elecsrolyte, and protein supplementation hypersensitivity reaction occurs, the drug should 1 
as indicated. Systemic corticoids and corti- ^ be discontinued. The usual agents (epinephrine, x 
coic retention enemas may help relieve corticosteroids, antihistamines) should be avail- pe. 
the colitis. Other causes of colitis should able for emergency treatment of serious reac- a 
also De considered. tions. Liver: Jaundice and abnormalities in liver E 
A careful inquiry should be made con- function tests have been observed during clinda- —  — 
cerning previous sensitivities to drugs and mycin therapy. Hematopoietic: Neutropenia, Be 
other allergens. Antagonism has been dem- eosinophilia, agranulocytosis and thrombocyto- 3 
onstrated between clindamycin and erythro- penia have been reported; no direct etiologic A 
mycin in vitro. Because of possible clinical relationship to concurren: clindamycin therapy E 
significance, these two drugs should not be has been made. Local Reactions: Pain, indura- E 
administesed concurrently. tion, and sterile abscess have been reported after — Ep 
Usage ir Pregnancy: Safety for use in preg- intramuscular injection, and thrombophlebitis E» 
nancy has not been established. — after intravenous infusion. Reactions can be min- 
Usage ir Newborns and Infants: When clinda-  imized or avoided by giving deep intramuscular, = 
mycin phosphate is administered to newborns injections and avoiding prolonged use of indweli- ~ 
and infants, appropriate monitoring of organ sys- ing intravenous catheters. Musculoskeletal: Rare ^ 
tem functicns is desirable. instances of polyarthritis have been reported. E 
Nursing Mothers: Clindamycin has been How Supplied: Available as a sterile solution 
reported tc appear in breast milk in ranges of 0.7 with each ml containing clindamycin phosphate 
to38ug/m. — — equivalent to 150 mg clindamycin. Ampoules 
Usage ir Meningitis: Since clindamycin does of 2 and 4 ml. 


not diffuse adequately into the cerebrospinal 
fluid, the drug should not be used in meningitis. 
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Vascular Grafts 


Use of Umbilical Vein Graft as an 


Arterial Substitute 


Eugene B. Ferris, MD, John J. Cranley, MD 


e Seventy reconstructions, 14 to the popliteal artery above the 
knee, 40 to the popliteal artery below the knee, and 16 to the 
tibioperoneal arteries were performed with the Dardik umbilical 
vein graft tanned in glutaraldehyde. Indications for use included 
absence of or inadequate saphenous veins, or for expediency 
during emergency or complex procedures. The cumulative 
patency rate (calculated by the life table method) for the total 
group was 77% at 18 months. The failures are further analyzed 
according to the type of procedure, the grade of disease, and the 
distal runoff vessel. Early failures were attributed primarily to 
poor runoff and not to intrinsic properties of the graft. Our overall 
experience with the umbilical vein graft has been good. Further 
long-term follow-up is necessary. 

(Arch Surg 114:694-697, 1979) 


^ ips saphenous vein at the present time is the most 
widely used conduit for arterial reconstruction in the 
lower extremity. Much emphasis is being placed on the 
development of an ideal arterial substitute adequate for 
bypass to small vessels. Oftentimes, the saphenous vein is 
either not adequate or not available, and time is of the 
essence during emergency or complex operations. Being 
impressed with the early results of the Dardiks with the 
glutaraldehyde-tanned umbilical vein graft, and through 
Meadox Medicals Inc, we began evaluating the biograft for 
lower extremity revascularization. 


CLINICAL MATERIAL 


From the beginning of December 1976 to the end of May 1978, a 
total of 70 biografts were implanted in 67 limbs of 66 patients. The 
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clinical material is classified in the Table. Males outnumbered 
females 4) to 26. There was no substantial difference in ratio 
according to the level of reconstruction. Diabetes was present in 20 
(30%) of the patients, 46(70%) admitted to smoking, and 47(70%) 
were noted to have considerable cardiac disease or hypertension. 
The age range for the total group was 50 to 85 years, with a mean 
of 67.4 years. Although the age range was similar for both sexes, 
the mean age was greater for females. | 
The operations were categorized as to the site of the distal 
anastomosis (Table). In the majority of these, the proximal site of 
anastomosis was the common femoral artery, but in some cases the 
external iliac artery was used, generally with a sequential anasto- 
mosis at ihe common femoral artery level. Fourteen popliteal- 
above-the-knee grafts, 40 popliteal-below-the-knee grafts, and 16 
tibioperoreal bypasses were performed. Within this last eazegory, 
five were to the anterior tibial artery, seven to the posterior tibial 
artery, and four to the peroneal artery. As noted, 27(89%) compos- 
ite grafts were necessary because of inadequate length of the 
umbilical vein. The majority of these were between two umbilical 
veins, although several were between either an umbilical vein and 
a saphenous vein across the knee joint, or between an umbilical 


Procedures 


Popliteal Popliteal Femoro- 
Above the Below the tibio- Total 
Knee Knee peroneal (%) 


Grafts 14 40 16* 70 








CompositesT 
UV-U" 2 10 7 19 
UV-S'' 0 3 0 3 
PTFE-UVi 0 2 2 4 
PTFE-UV-SV 0 0 1 1 
Total 2 15 10 27 (39) 
angicgrams 6 31 13 50 (71) 


*Five anterior tibial, seven posterior tibial, and four peroneal. 
+UV indicates umbilical vein graft and SV, saphenous vein. 
{PTFE indicates polytetrafluoroethylene. 
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Fig 1—Complex procedure. Left, Preoperative angiogram. 
Severe s:enosis in left limb of aortoiliac graft (arrowss. Composite 
sequential umbilical! vein graft from left limb of aortic graft, 
sicde-to-s:de to common femoral artery, end-to-side to distal 
popiteal artery was performed. Right, Operative angiogram. 


Umbilical vein anastomosis to distal popliteal artery 


vein and a short segment of polytetrafluoroethylene (PTFE) 
proximaly. One patient required a triple composite graft. A larger 
percentage cf the eomposites, as expected, was necessary for the 
more dista! procedures. Intraoperative angiograms were done on 
50(71%) of the patients. Thirteen(19%) of the grafts wer? used in 
complex situations where simultaneous reconstruction was 
required for correction of inflow, outflow, or local problems. 
Figure 1 illustrates a typical example where the need for simulta- 
neous proximal reconstruction was present. 

Indications for operations included 43(61%) patients who were 
operated on for limb salvage, 28 of these presenting with rest pain 
(grade IJ of obliterative arterial disease 5,6), and an add tional 15 
with ischemic ulcers or gangrene (grade V). Twenty-three were 
operated on for intermittent claudication (grade IE). Four 
patients (6%) were operated on for aneurysms. Two of these were 
popliteal aneurysms, one of which was an acute thrombosis, and 
this was considered a salvageable case. The other poplit»al aneu- 
rysm presented with claudication and had a one-vessel runoff as 
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demonstrated by angiography. The others included aneurysmal 
degeneration of a bovine graft and an anastomotic aneurysm 
between a Dacron-saphenous vein composite graft. 

Indications for use of the umbilical vein graft per se were the 
absence of the saphenous vein in 16% of the patients (nine used for 
previous vascular procedures) and inadequacy in 70%. In addition, 
14% were used either for emergency operations or for expediency 
at the time of complex procedures. 

The early failures are categorized as to the interval between 
grafting and failure, clinical grade of disease, runoff vessels, 
projected cause of failures, and the final outeome. There was a 
total of 12 (17%) early failures, two of which were restored by 
successful thrombectomy and remained patent. The cause of one 
failure of a successful thrombectomy was unknown; the operative 
angiogram showed an excellent distal anastomosis and runoff was 
adequate into the foot via the posterior tibial artery. The other 
early failure, which was a successful thrombectomy, occurred 
because of anterior tibial compartment compression after a 


Umbilical Vein Graft—Ferris & Cranley 695 


Fig 2.—Late failure. Left, Operative angiogram, selective injection. 
Thrombectomy of umbilical vein above-knee graft, showing 
severe progressive disease in popliteal segment seven months 
after implantation. Right, Operative angiogram. New umbilical 
vein graft showing distal popliteal anastomosis. 
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Fig 4.—Cumulative patency of 70 procedures. 


midcalf anterior tibial artery reconstruction. The operative angio- 
gram after thrombectomy and fasciotomy showed a good distal 
anastomosis with adequate runoff via the anterior tibial artery 
into the foot. Of the other ten early failures, seven were believed 
to be secondary to poor runoff. In one patient, it was considered to 
be poor runoff plus cardiac failure. In another patient considered 
to be a desperate case, grafting was tried twice, with failure each 
time. Finally, one failure was believed to be purely technical and 
was directly related to reexploration for bleeding at the proximal 
anastomosis. 

There were a total of three late failures. One graft failed at 17 
months, the site of distal anastomosis being to the popliteal artery 
above the knee. A second graft was placed to the popliteal artery 
below the knee (in addition to thrombectomy of the old graft and 
popliteal segment) and at the time of operative angiography, 
severe progression of the disease in the popliteal segment just 
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Fig 3.—Late failure. Left, Composite sequential femoropopliteal- 
posterior-tibial artery umbilical vein graft (arrow). Rig it, Anasto- 
mosis to distal posterior tibial artery. 
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Fig 5.—Cumulative patency in terms of grade of disease. 


below the first graft was noted (Fig 2). A second graft became a 
thrombosis seven months postoperatively and this was considered 
due to inadequate runoff. The patient had had a previous saphe- 
nous vein graft implanted that functioned for three y2ars before 
becoming an acute thrombosis, and this was considered a salvage- 
able case. The third failure occurred four months after a sequen- 
tial composite distal graft from the common femoral to the 
posterior tibial artery at the ankle, the sequential anastomosis 
being to the distal popliteal artery (Fig 3). This graft occluded at 
the time ef septic shock after perforation of the sigmcid divertic- 
ulum. 

There have been six deaths, three early and three lat». Tae early 
deaths (three grafts) were related to cardiac failure tmy cardial 
infarctior and/or congestive heart failure) and all grafts were 
thromboses prior to death and are included in the failures. Of the 
late deaths, one patient died four months postoperatively from a 
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ruptured abdominal aortic aneurysm, deliberately untreated. The 
second late death occurred four months postoperatively, the cause 
being carcinoma of the lungs that was not detected at the time of 
the original grafting »rocedure. The third late death occurred ten 
months postoperatively of unknown cause, considered to be old 
age. All three of these patients had functioning grafts at the time 
of death. 

The failures were analyzed by several modalities. In regard to 
the type of procedure, the majerity of failures was among the 
group involving dista reconstruction, six of these being early and 
one late. Two suecess-ul thrombectomies were performed, both in 
the below-the-kmee and distal group, and these were both consid- 
ered early failares. Among the distal grafts, the anterior tibials 
did the worst (two of which were severely calcified), the posterior 
tibial and the perone grafts faring well. The cumulative patency 
rates according -o the life table analysis was determined for the 
various procedumes ard are depieted in Fig 4. 

The highest percertage of failures according to the grade of 
disease was within the limb salvage group in which there were 11 
early failures, ome of which was a successful thrombectomy. The 
two late failures were related to poor runoff. The one early failure 
among those with claadication was successfully opened and there 
was one late failure due to pregression of disease (Fig 2). No 
failures were noted zmong the aneurysms. These patients were 
also analyzed by lif? table amalysis and compared with the 
cumulative patemcy fer the group as a whole, which was 77% at 18 
months (Fig 5. 

In regard to major -essel runoff, the failure rate was greatest in 
the group having runoff to only one vessel. Of the eight early 
failures in the one-vessel group, one patient had an absent pedal 
arch, and two patients had only one vessel continuing into the foot, 
which was of poer quality. Four others had open pedal arches via 
one vessel, but one of these was severely calcified. In one patient, 
the pedal arch was no& seen. Among the three early failures in the 
two-vessel group, there was one vessel contributing to the pedal 
arch in two petients and in one of these, the vessel was of poor 
quality. The pedal arch was not identified in the third patient. The 
one early failure in the three-vessel group was secondary to 
problems related to inflow rather than runoff. 


COMMENT 

On the basis of this short experience of 18 months, it 
seems that the umbilical vein graft shows promise as a 
substitute for the saphenous vein. Our results indicate a 
bias toward che umbilical vein in that we have done fewer 
saphenous veim grafts during the same period of time than 
we would normally anticipate. In fact, the saphenous vein 
was considered inadequate in 70% of the cases, the umbili- 
eal vein in 17% (12/70), and the PTFE in 23% (3/13). 
However, of those that have been performed during this 
period of time. there has been only a 2% early failure rate, 
suggesting that bz our bias we are now selecting larger 
and more ad2quate saphenous veins. We believe that most 
of our early failures were judgmental or technical and 
could not be attributed to the umbilical vein graft itself, 
with one possible exception. The other early failures were 
secondary to poor runoff and/or moderately to severely 
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caleified vessels. If the vessel being grafted to distally 
appeared of good quality and the pedal arch was patent, a 
suecessful outcome was attained. On the basis of clinical 
examination, and a few late angiograms, we have not seen 
any signs of aneurysmal formation. 

In some patients whose saphenous vein may not be 
perfectly adequate, it is desirable to use a substitute purely 
in the effort to save time when it is desirable to do a 
proximal reconstruction as well as distal at the same 
sitting, such as an aortofemoral popliteal graft. The use of 
a substitute for the saphenous vein conserves almost an 
hour of time and we believe this is frequently worth- 
while. 

One problem encountered with the umbilical vein graft is 
its length, which at times is inadequate. This is indicated 
by the large percentage (39%) of composite grafts in our 
series. However, it is not diffieult to connect two umbilieal 
vein grafts together, using an oblique anastomosis, and our 
results are no different in the composite group compared 
with the others. Grafts that measure greater than 55 em 
can be obtained, but the supply is limited. We believe that 
proper preparation of the graft in the operating room prior 
to implantation is vital and we have routinely followed the 
instructions of the manufacturer. Technically, we have 
included the Daeron mesh in the anastomosis, which not 
only increases the strength of the anastomotic line but also 
makes the anastomosis easier. In handling the umbilical 
vein itself, care needs to be taken because it is more fragile 
than the saphenous vein. It is very important to place the 
suture through at right angles to the vein, to be sure that 
the inner intimal layer is included in the stitch. 

These data indicate that case selection and experience 
are vitally important, more so than the type of graft used. 
Early failures seem to be related to the runoff or to the 
quality of the vessel being bypassed to and not to intrinsic 
properties of the graft itself. We believe that the saphe- 
nous vein is still the best arterial substitute when chosen 
and inserted properly. However, it is not always available 
and there are instances where expediency makes it desir- 
able to have a substitute. 
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Vascular Grafts 


In Vivo Comparison of Replamineform, 


Silastic, and Bioelectric 
Polyurethane Arterial Grafts 


Loren F. Hiratzka, MD; James A. Goeken, MD; Rodney A. White, MD; Creighton B. Wright, MD 


€ The replamineform process allows fabrication of micropo- 
rous prostheses with control of both pore diameter and structural 
geometry by means of a variety of biomaterials. Tubular pros- 
theses 3 cm long, 6 mm inside diameter, and 1 mm wall 
thickness were made of Silastic or Bioelectric Polyurethane 
(BEP) with use of a template of the echinoderm Heterocentrotus 
mammillatus. Pore diameter of the prosthesis wall was 18 to 25 y. 
Light and scanning-electron microscopy of grafts removed 
between 1 and 32 weeks demonstrated that organization and 
endothelialization of neointima were similar for both polymers, 
being complete by 4 to 8 weeks. However, the character of 
prosthesis wall ingrowth was strikingly different: the micropo- 
rous lattice of BEP was completely ingrown early, but was 
apparently fragmented by continued granulomatous inflamma- 
tion by 32 weeks, while Silastic generated minimal inflammatory 
response and slower fibrous tissue and capillary ingrowth. Thus, 
with Silastic and BEP, similarities in neointima organization 
appeared independent of distinct differences in wall ingrowth. 
The replamineform process is a unique means of studying 
surface healing and wall ingrowth of different biomaterials as 
microporous vascular prostheses in a controlled fashion. 

(Arch Surg 114:698-702, 1979) 
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ontrolled microporosity is thought to be important to 
the suecess of synthetic medium and small arterial 
prostheses. Porosity of the prosthesis wall allows initial 
deposition of a thin layer of fibrin along th» luminal 
surface that is later stabilized by pannus ingrowth of 
fibrous tissue and endothelium from the host vessel and 
also by fibrous tissue and capillary ingrowth from periad- 
ventitial tissue through the microporous wall.' 

The replamineform process? reproduces the naturally 
occurring microporous skeleton of selected marine inverte- 
brates. The skeletal structure of these invertebrates is 
characterized by two interpenetrating regions, each of 
which is a single yet multiply interconnected domain. 
Micropore diameter and structural geometry are constant 
and unique for each species. We have utilized the replami- 
neform process to fabricate arterial prostheses of different 
biomaterials but of similar pore size and structural geom- 
etry in order to compare the time course and rate of 
neointima organization and prosthetic wall incorporation. 


SUBJECTS AND METHODS 


Tubular prostheses were fashioned with use of a template of the 
microporous calcite spines of the sea urchin Heterocentrotus 
mammillatus (Fig 1). Spines were treated for 48 hours with 5% 
sodium hypochlorite to remove the organic matrix from the calcite 
lattice, then machined into tubes 6 mm inside diameter with a 
1-mm thick wall. Liquid-phase plastic was pressure-injected into 
the calcite and polymerized. The calcite was then dissolved with 5% 
hydrochloric acid, leaving the polymer as a microporous tube 
having a mirror-image pore to solid structure of the original 
calcite. Prostheses were ultrasonically cleaned, then sterilized. 
Polymers used in this study were medical grade silicone rubber 
(Silastic) and medical grade polyurethane containing a _0% colloid- 
al suspension of carbon black (Bioelectric Polyurethane [BEP ]). 
Finished prostheses measured 6 mm inside diameter, 3 cm long, 
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Fig 1.—Top anc center, Intact spine of sea urchin Heterocentro- 
tus mammillatus, machined and drilled spine, and finished Silas- 
tic microperaus tube. Bottom, Replamineform process depicting 
microporous calcite skeleton of echinoderm (A), porous skeleton 
filled with selymer (B), and microporous polymer lattice following 
dissolution ef ca:cite (C). 
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Fig 2.—Scanning electron micrographs of finished prostheses 
fabricated with template of Heterocentrotus mammillatus (M). 
Top, Silastic (Sil) at low magnification showing microporous 
surface. Bottom, Comparative views at higher magnification 
showing Silastic (left) and Bioelectric Polyurethane (BEP, right) 
pore structures. 


with a 1-mm thick wall. Pore diameter of finished prostheses (Fig 
2) was 18 to 25 u with a void to total volume of 32%. 

Prostheses were interposed in infrarenal aortas of mongrel dogs 
with continuous 6/0 polypropylene suture. The dog was chosen as 
the experimental model because healing of arterial prostheses in 
dogs most closely approaches that in man. Heparin sodium (100 
units/kg) was given intravenously prior to applieation of vascular 
clamps and reversed with protamine sulfate (1 mg/kg) following 
release of clamps. Penicillin G benzathine (600,000 units intramus- 
cularly) was given preoperatively. 

Prostheses were isodiametric with the native aorta. They 
handled well during insertion, conformed nicely to host vessels at 
anastomoses, and held sutures well. They did not require preclot- 
ting. Bleeding through the microporous structure spontaneously 
ceased within one to two minutes. Silastic prostheses, due to the 
elastic nature of the polymer, exhibited systolic pulsations similar 
to those of the host aorta. 

One of two prostheses of each type was harvested at 1, 2, 4, 8, 16, 
and 32 weeks. Following gentle isolation, they were excised, then 
quickly washed and flushed with 0.1M sodium cacodylate—0.15M 
sucrose buffer at 4 °C, followed by flushing and immersion in 2% 
sodium eacodylate—0.15M sucrose-buffered glutaraldehyde solu- 
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Fig 3.—Scanning electron microscopic view of luminal surface 
near anastomoses of prostheses implanted for two weeks show- 
ing immature endothelial cells in disorderly pattern (SIL indicates 
Silastic; BEP, Bioelectric Polyurethane; and M, Heterocentrotus 
mammillatus template). 
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Fig 4.—Scanning electron microscopic view of luminal surface at 
center of prostheses implanted for 16 weeks showing mature 
endothelial cells arranged in more orderly fashion (SIL indicates 
Silastic; BEP, Bioelectric Polyurethane, and M, Heterocentrotus 
mammillatus template). 


tion at 4 °C. After overnight fixation, specimens of the proximal 
and distal anastomoses and of random areas from the midportion 
of the prosthesis were prepared for both light microscopy and 
scanning electron microscopy (SEM). Light microscopy specimens 
were generally embedded in paraffin and processed by routine 
histologic methods. Early samples of Silastic prostheses were 
found to section poorly because of the elastic recoil of the polymer 
and were subsequently embedded in epoxy resin with technically 
satisfactory results. Specimens for SEM were rinsed three times 
in buffer and then postfixed for one hour in 2% sodium cacodylate- 
buffered osmium tetroxide, rinsed six times in distilled water, and 
treated for 30 minutes with a saturated solution of thicarbohydra- 
zide (TCH). Following the TCH treatment, specimens were again 
washed six times with distilled water, dehydrated in graded 
ethanol solutions, and critical-point dried (carbon dioxide.) The 
dried specimens were mounted on aluminum stubs, sputter-coated 
with gold, and observed with a SEM. 
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Fig 5.—Prostheses implanted for four weeks. Top, Silastic show- 
ing organizing neointima and extension of fibrous tissue into 
prostheses wall. Silastic does not stain and appears as clear, 
somewhat refractile material (original magnification x 125). 
Bottom, Bieelectric Polyurethane showing organized neointima 
and infiltration of fibroblasts, histiocytes, and capilleries into 
microporous lattice; BEP appears black due to carbon particles 
Suspended in polymer (original magnification x 400). 






RESULTS 


All prostheses were patent. No ballooning or dilation of 
prostheses was present at the time of harvest. Silastic 
prostheses had minimal gross periadventitial inflammato- 
ry reaction, compared to mild to moderate reaction around 
BEP prostheses. 

The process of endothelialization of the luminal surface 
seen by SEM appeared similar for both Silastic ard BEP. 
At two weeks, a monolayer of immature endothel al cells 
extended from the host aorta onto the surfaces of the 
prosthesis (Fig 3), while the remaining surface at the 
midportion of the graft was covered by a fibrin-platelet 
matrix. At eight weeks, the endothelial monolayer 
completely covered the surface of both Silastic and BEP, 
and at 16 weeks, appeared mature (Fig 4). 

In contrast to similarities between the two polymers in 
luminal surface endothelialization, striking differences 
were noted in the character and progression of tissue 
ingrowth through the microporous prosthetie wall by light 
mieroscopy. At four weeks (Fig 5), both Silastic and BEP 
exhibited similar neointimal organization that was nearly 
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Fig 6.—Prastheses implanted for 16 weeks. Top, Silastic showing 
mature crganization ef neointima. Fibrous tissue and cepillaries 


extend nto prosthesis wall ‘original magnification x 400). 
Bottom, 3iocelectric Polyurethane showing mature neointima and 
abundar:* vascularity and granuomatous response in prosthesis 
wall. Some fragmentation of Bicelectric Polyurethane is present 
(Fig 5, bottom: (»rigimal magnification x 400). 


complete, except fcr an occasional patch of fibrin. Silastic 
showed minimal fbrous tissue ingrowth advaneing in 
areas from both the adventitial and neointimal surfaces, 
while granulation tissue remained throughout mosz of the 
wall. Eowever, fibroblastic histiocytic, and capillary 
ingrowth was almost eompleze for BEP. At 16 weeks (Fig 
6), Silastie prostheses showed further advancement of 
fibrous tissue and capillaries, but minimal inflammatory 
response, compared to abundant granuloma formation and 
vascularity within -he wall cf BEP prostheses. There also 
appeared to be some fragmentation of the microporous 
lattice of BZP. At 32 weeks (Fig 7), Silastic showed 
full-thickness ibroas tissue and capillary ingrowth, with 
matureorganization of both the neointimal and adventitial 
surfaces. In contrast, BEP ccntained large areas of granu- 
lomatous inflammetion, with some fat deposits within a 
fragmented pclymer wall. 


COMMENT 


Wesalowski and ethers' haze emphasized the importance 
of porosity in longterm patency of small-caliber arterial 
prostheses. Thrombus trapped within the porous inter- 


Arch Susg—Vcl 114, June 1979 





RU coy us ae 


eh re" 

s 

Ww a (X i 
* Syl 


3 


43 
- 
A 


Fig 7.—Prostheses implanted for 32 weeks. ges Silastic showing 
full-thickness ingrowth of fibrous tissue and capillaries (original 
magnification x80; inset, x 400). Bottom, Bioelectic Polyure- 
thane showing granulomatous inflammation, fat infiltration, and 
fragmentation of prosthesis (original magnification x 40). 


stices provides a matrix for ingrowth of fibroblasts, histio- 
cytes, and capillary buds from perivascular tissue. Fibrous 
organization of the neointima results in firm adherence to 
prevent late stripping of neointima and occlusion. In 
addition, susceptibility to infection from bacteremia is 
greatly reduced when a complete neointima is present.’ 

Pore diameter is known to affect patency rates. Pores 
must be small enough to limit transprosthetic hemorrhage 
and to prevent periprosthetic hematoma, but must be large 
enough to allow tissue ingrowth. Campbell and colleagues, 
using expanded polytetrafluoroethylene in dogs, found 88% 
patency when pore size averaged 22 y or less, compared to 
53% when pore size averaged 34 y or greater. Clark and 
associates, in a study of porous biomaterials implanted 
subcutaneously into rats, used 32 u as the “optimal” pore 
size for woven polyester fabric. The pore diameter range of 
18 to 25 u used in the present study allowed full-wall tissue 
ingrowth for both materials. Furthermore, early or late 
transprosthetie hemorrhage did not occur. 

Struetural geometry and surface characteristies are 
known to affect tissue reaction and ingrowth characteris- 
tics. Quantitative differences in enzyme activity at the 
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polymer-tissue interface have been described for a variety 
of polymers.” Clark and associates? found that woven 
polyester elicited variable inflammatory response, depend- 
ing on the ratio of open area to fiber diameter. Similar 
differences were not demonstrated for polytetrafluoroeth- 
ylene or polyurethane. In the present study, as pore 
diameter and structural geometry were similar for both 
materials examined, tissue ingrowth differences may be 
attributed to chemical composition differences. That the 
"optimal" pore diameter is different for each material is 
certainly possible. We may be able to determine this with 
other echinoderm species as the template for fabrication of 
prostheses by the replamineform process. For example, 
with use of spines of the sea urchin H trigonarius, 
prostheses would have pore diameters of 40 to 45 u and a 
void to total volume of 58%. 

That early luminal surface organization and endothelial- 
ization were quite similar for Silastic and BEP despite 
differences in wall ingrowth is of interest. The initial 
thickness of the platelet-fibrin pseudointima is determined 
by surface thrombogenicity and blood flow. Cellular 
elements contributing to luminal surface organization then 
originate from three potential sources: pannus ingrowth, 
transprosthetic ingrowth, and circulating multipotential 
mesodermal cells deposited on the surface? Pannus 
ingrowth from the anastomosis occurs at a rate largely 
dependent on the host species, the extent of ingrowth 
being limited to 5 mm in dogs and 6 to 10 mm in man.’ 
Because of limited pannus ingrowth, ingrowth of host 
tissue through porous-walled prostheses is thought to 


contribute to cellular organization beyond the reaches of 
pannus ingrowth, and proliferating capillary bids supply 
nutritional support of this tissue. Our serial okservations 
did not allow a determination of the precise or gin of the 
neointimal organization process, although Silastic pros- 
theses appeared to have a completely organized neointima 
prior to full-wall advancement of fibrous tissue and capil- 
lary bucs. We must also emphasize that cells were desig- 
nated 2s endothelium, based on morphologie findings 
recordec with a SEM. No tests of endothelial cell function 
were ut:lized in this study. 

Attempts to impart porosity to synthetic materials for 
use as vascular prostheses have included knits, weaves, 
flocks, velours, foams, and expanded polymers.“ However, 
to our knowledge no prior experiments have studied the 
time-related incorporation characteristics of different 
biomaterials in vivo as vascular prostheses in a model in 
which pere diameter and structural geometry are similar. 
As described, the replamineform process can be used to 
permit < standardized evaluation of a variety of micropo- 
rous biomaterials. The controlled interconnected porosity 
produced by the replamineform process has not been 
duplicated synthetically. We are currently ass2ssing the 
feasibilizy of fabricating vascular prostheses of other 
elastomers and plastics, including polyethylene, nylon, 
polytetrafluoroethylene, and Dacron for similar in vivo 
comparative evaluation. 


This study was supported by research funds of the Department of 
Surgery, University of Iowa Hospitals and Clinics, Iowa City. 
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Original Articles 


Surgical Management of Traumatic 


Twenty Years of Civilian Experience 


Abelardo Aranzc, MI; Charles R. Baxter, MD; G. Tom Shires, MD 


è Three hundsed seven patients with right colon injures were 
treated at Parkland Memorial Hospital, Dallas, between #953 and 
1973. These inuries were managed with loop colostomies, 
suture amc cecostomy, primary repair, right colectomy, diverting 
colostomy, and appendectomy or cecostomy alone. The indica- 
tions and results of each type of repair are analyzed separately. 
The mortality (3.21%), morbidity (22%), and hospital stay were 
not related to the modality of treatment, but were influenced by 
the injuring agent. Adequate treatment of civilian rigat colon 
injuries mplies caretul individualization to avoid serious septic 
complications and subsequent mortality. 

(Arch Surg 1$4:703-706, 1979) 


| Lh eie gained during military conflicts resalted in 
substantial improvements in the mortality and 
morbid:y of ecloni* wounds. During World War I, primary 
closure of the colon injury resulted in a 60% mortality.’ 
Early in World Wer II, the routine use of exterio-ization 
drastically recucec the mortality of colonic wounds to 
31476. The contimued use of exteriorization end the 
improvements in methods of triage and transportation, 
early surgical intervention, and widespread use of antibiot- 
ies further recucec the mortality of colon wounds to 15% 
during the Korean War’ and to 12% during the Vietnam 
confliet * 

In a Gvilian environment, however, the ideal mocality of 
surgica theraoy for this kind of injury remains highly 
controversial'^-' To a great extent, the controversy rests 
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Injuries of the Rignt Colon 


in the indiseriminate analysis of colonic injuries of differ- 
ent location, extent, cause, and association. A more 
comprehensive evaluation of civilian colonic injuries should 
take into account the anatomic, physiologic, and bacterio- 
logic differences between the right, left, and sigmoid colon, 
as well as the wound characteristics determined by the 
injuring agent and degree of associated tissue dam- 
ape. n 

To contribute to the clarification of this subject, the 
present series deals exclusively with right colonic wounds 
as seen and treated in a hospital covering a large civilian 
population. The methods and results of treatment are 
analyzed according to injuring agent, anatomic situation of 
the wound, and associated injuries in an attempt to 
establish more precise therapeutic guidelines. 


CLINICAL MATERIAL 


During the 20-year period ending December 1973, 307 patients 
were treated for right colonic injuries at Parkland Memorial 
Hospital in Dallas. The patients ranged in age from 20 months to 
77 years, and the peak of injuries occurred during the third decade. 
Figure 1 illustrates the distribution of the injuries according to 
age and race. There is a higher incidence in blacks during the third 
and fourth decades, and among whites in the older and younger 
age groups. Two thirds of the injuries, in 204 patients, were caused 
by low-velocity gunshot wounds, whereas the remaining cases 
were secondary to stab wounds in 60 patients, shotgun blasts in 31 
patients, and blunt trauma in 12 patients. 

On arrival at the emergency room, 8.8% or 27 patients were 
found in a state of shock and 56 patients or 27% of the casualties 
had the following associated nonabdominal injuries: chest, 30; 
peripheral vascular, 17; major soft-tissue injury, 17; fractures, 11; 
neck, 7; and CNS, 7. The abdominal explorations were always done 
through the midline and concomitant abdominal injuries were 
found in 232 patients or 75% of the cases, more commonly the small 
bowel (138), liver (58), kidney (34), rectosigmoid (33), left colon (33), 
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stomach (32), duodenum (27), gallbladder (18), spleen (14), pancreas 
(13), diaphragm (11), bladder (7), ureter (6), and pregnant uterus 
(2). Vascular injuries were frequently encountered, especially to 
the infrarenal vena cava (15), the right iliac vein (5), aorta (4), 
renal vein (3), superior mesenteric (2), hypogastric artery (2), 
middle colic artery (2), hypogastric vein (2), and inferior mesen- 
teric (1). 

The antomical distribution of the right colon wounds were as 
follows: cecum, 37%; right transverse, 22%; ascending colon, 19%; 
hepatic flexure, 17%; appendix, 4%; and major blood supply, 1%. 
Multiple anatomic segments were involved in 55 patients or 18% of 
the cases (Fig 2). 


TREATMENT 


The operative management of these injuries was carefully 
individualized according to the patient’s general condition, type, 
and extent of the injury, wounding agent, anatomical location of 
the wound, and degree of contamination. 

Forty-nine patients (16%) were treated with primary closure 
(Fig 3). All of these cases were either seromuscular tears or small 
wounds with minimal or questionable perforation and no fecal 
contamination. Sixty-eight patients (22%) were treated with two- 
layer closure and proximal decompressive, cecostomy, and appen- 
dicostomy (Fig 3). These were larger wounds with minimal 
contamination in otherwise good-risk patients. The cecostomy was 
accomplished with a 28 or 30 French soft rubber tube and required 
careful postoperative management with frequent irrigations and 
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Fig 1.—Distribution of 307 right colonic injuries, 1953 to 1973, 
according to age and race. 


injuries to right colon. 


Single area: 
252 patients (82%) 


Multiple sites: 
55 patients (1896) 
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Fig 2.—Anatomic distribution of 


Fig 3.—Modalities of treatment 
used in minor injuries. 


continued gravity drainage. In 108 patients (35%), a loep exterior- 
ization was performed (Fig 4). These were contaminated or 
contusive wounds or other injuries in poor-risk patien-s. Twenty- 
five patients (8%) underwent total fecal diversion and double- 
barrel colostomy (Fig 5). There were injuries requiring segmental 
colonie resection or wounds associated with distal colorectal inju- 
ries. Thirty-nine patients (13%) required a right colectomy and 
end-to-end ileocolostomy. This treatment was reserved for njuries 
involving multiple anatomical segments or produced by close 
range shotgun blast or weapons with relative high muzzle velocity, 
such as the .357 magnum. Fifteen patients (3%) were treat»d with 
cecostomy to a single cecal injury and 15 patients (3%) underwent 
appendectomy alone for localized injuries of this orgaa. 

All patients except two pediatric cases were closed with mono- 
filament wire and subcutaneous tissue was left open or closed 
according to the degree of contamination and thickness of the fat 
layers. Retention sutures were used in only 18 cases (4%), and 94 
patients (30%) required blood transfusions during the procedure. 


RESULTS 


The average hospital stay for uncomplicated cases was 
11 days and increased to a mean of 25.5 days with the 
presence of complications for an overall average of 14.8 
days. The hospital stay was not influenced by the modality 
of treatment but it was clearly related to the irjuring 
agent, being longer with shotgun wounds (23 days). blunt 
trauma, and gunshot wounds (16 days each), ard shorter 
with stab wounds (nine days). 


Morbidity 


The following complications developed in 69 ezses (22%): 
wound infection, 19; drain site infection, 11; atelectasis, 10; 
"delirium tremens," 9; urinary tract infection, 9; subphren- 
ie abscess, 8; intestinal obstruction, 6; pancreatitis, 4. leaks, 
4; pelvic abscess, 3; pleural effusion, 2; thrombophlebitis, 2; 
dehiscence, 2; and others, 16. Once one complication devel- 
oped in a patient, the chances of having new complications 
increased to a ratio of 4:1 when compared with the total 
group. 

Infectious complications predominated, as hac been the 
case in previously reported series.'* Delirium tremeas-like 
syndrome was relatively uncommon (nine cases) consider- 
ing the large number of patients admitted in various 
degrees of alcoholic intoxication. Symptoms of delirium 
tremens usually heralded serious complications involving 
major fluid electrolyte shifts (three intestinal leaks, two 
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Fig 4.—Medalities of treatment used in more severe injuries. 


pancreatitis, two pneumonia, one volvulus, and one peri- 
tonitis). Postoperatively, pancreatitis had an unexpected 
high incidence (four cases or 1.8%) and respondec well to 
aggressive medica management. 


Mortality 


Ten eases accounted for the 3.25% mortality ef these 
series. Early deaths were usually related to the associated 
injuries: hemorrhage from multiple organ involvement in 
four cases, irreversible brain damage in three, seps.s (small 
bowel leak) in one, and stress ulcer in one. Late mortalities 
were caused by postoperetive complications in three 
patients. 


COMMENT 


During the last 50 years, the mortality and morbidity of 
colonie wounds has been drastically reduced, thanks to the 
advances in triage, surgical technique, anesthesia, and 
chemotherapy.'*'* * This type of injury, however, is a 
serious one plagued with septic complications, prolonged 
hospital stays, ard unacceptably high mortality. 7 
Inadequate or delayed treatment of these injuries invaria- 
bly result in serious morbidity and frequently encs in the 
patient's death. 

Because of the enormous bacterial content of the unpre- 
pared colon, a relatively minor leakage of feces in the 
peritenea! cavity may result in a large inoculum of patho- 
genic bacteria. Of paramount importance in the manage- 
ment of eolonie wounds is, then, the immediate exploration 
of the injured patient with quick arrest of the fecal spillage 
second only to control of the associated bleeding zo mini- 
mize any further soilage of the abdominal cavity *'* The 
administration of parenteral antibiotics at the time of 
resuscitation im the immediate preoperative period should 
contribute to a decrease in the intra-abdominal and wound 
sepsis in these cases, as kas been found by Polk and 
Lopez-Mayor' during elective situations. 

In regard te the specific care of the colonic wound, it is 
important to keepin mind shat breakdown of the colonic 
suture lime is common despite careful suturing techniques. 
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eContusive irregular wounds 
eMultiple areas of involvement 


Fig 5.—Treatment used in massive injuries to right colon. 


The exact mechanism of such disruptions remains unclear 
and is the subject of a great deal of research and controver- 
sy. Hawley and associates' have shown experimentally 
that a greater concentration of collagenase is present in 
the eolon when compared with elsewhere in the bowel. 
Cronin et al" demonstrated increased collagenolytic 
activity in the colonic wall after injuries and colonic 
anastomoses. Hawley et al" also reported increased 
amounts of collagenase in the vicinity of infected suture 
lines as opposed to noninfected ones. The increased colla- 
genolysis could at least be partially responsible for the 
breakdown of the anastomoses because of weakening of 
the supporting layers of the colonic wall. 

Another, perhaps more critical factor in the anastomotic 
disruption is the presence of intraluminal bacteria. The 
introduction of antibacterial bowel preparation as early as 
1938 resulted in the noticeable reduction in the frequency 
of anastomotic breakdowns in the colon. Bacteria 
trapped in the suture line could result in a suture line 
abscess and eventually contribute to necrosis and anasto- 
motic leak. Penicillinase and penicillamine are produced in 
variable concentrations by the colonic bacteria. This find- 
ing could also contribute to the weakening of the cross 
linking o? collagen necessary for the healing of the anasto- 
moses.^ Recent studies by Nahai and associates" also 
demonstrated that intraperitoneal infection resulting 
from the spillage of bacteria leads to anastomotic disrup- 
tions, not only in the colon, but also in the small bowel, 
perhaps due to the destructive effect of the bacteria in the 
fibrin seal of the anastomoses interfering with the normal 
process of intestinal healing.'* 

The aforementioned considerations should then alert the 
surgeon toward a very cautious approach to these injuries, 
limiting primary repairs to cases with low degree of 
contamination, minimal tissue damage, and remote possi- 
bility of infection. In our series, the liberal use of exterior- 
ization and a very meticulous selection of patients amena- 
ble to more conservative forms of therapy resulted in a 
rewardingly low morbidity and mortality. The single most 
frequent complication in our series was infections of the 
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wound. This finding concurs with that of Haygood and 
Polk, since infections developed mostly in patients having 
primary closure of the skin. The five patients in whom 
sepsis of the wound developed despite delayed skin closure 
were obese patients with colostomies. It seems that with 
more aggressive management of the wound, more 
frequent dressing changes and better control of the fecal 


output, tiis complication could be further minimized. 

Althouzh it is well known that in several repor-ed series 
injuries -o the right colon are not more favorable than 
those of the left," it must also be appreciated that our 
study is imited to injuries of the right side of the colon, 
and the orinciples of management we propose may not 
fully app y to wounds in the left side. 
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Editorial Comment 


The long standing controversy in regard to the proper manage- 
ment of civilian wounds of the colon is not likely to be resolved by 


. this report of 20 years experience with trauma of the right side of 


the colon. The alleged “anatomic, physiologic, and bacteriologic 
differences" between the various segments of the large intestine 
have probably been overemphasized. Of greater importance in 
planning treatment are the presence of associated injuries (usual- 
ly quite serious when the transverse colon is injured), duration of 
delay in initiating operative repair, and the mechanism of inju- 


The philosophy reflected in the management of this large series 
is basically a conservative one. Sixteen percent of the injuries were 
treated with primary repair and these were clearly the more minor 
and favorable injuries. Thirteen percent of the patients under- 
went resection and end-to-end anastomosis after the most serious 
injuries. We are not told how they fared. The remaining patients 
were treated by resection and/or exteriorization, or repair with 
some form of decompression (proximal colostomy or appendicosto- 
my). This was the established treatment for military injuries and 
has much to commend it in civilian life. 

Serious wound infections were largely avoided by the wise 
practice of leaving the subeutaneous wounds open and allowing 
wide fascial sutures to serve as internal "retention" sutures. I have 
no quarrel with appendectomy for injuries of the appendix or its 
mesentery, but would hope that the performance of an incidental 
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appendectcmy in trauma patients be avoided. 

The mor-ality of 3.25% in this series is excellent for any series of 
abdominal injuries, but is not a basis for judging the acequacy of 
treatment of the injured colon, since it usually reflects the 
magnitude of associated injuries. 

The three late deaths include one small bowel leak, but it is not 
known whether it was at the site of an ileocolic suture line. 
Nonfatal complications, such as "drain site infection" subphrenic 
abscess, "leaks," intestinal obstruction, and pelvic abscess, may or 
may not b» a measure of the success of a given form of colon 
treatment since they may be the result of other injuries than the 
ones to the right side of the colon. 

The article is important in providing a standard for comparison 
with other series. It, like most writings on this subject, does not 
completely resolve the dilemma of when it is safe to "drop back" 
the repaired or resected colon. Until that issue is resclved by a 
prospective randomized study that considers all the variables 
(wounding agent, location, delay, associated injuries, antibiotic 
use, etc), tke wise surgeon will do well to follow the conservative 
approach r»flected in this study. 

ROBERT J. FREEARK, MD 
Maywood, Ill 
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pH-Induced Platelet 


Ultrastructural Alterations 


A Possible Mechanism for Impaired Platelet Aggregation 


Meir Djaldetti, MD; Pnina Fishman; Hanna Bessler, MS. Chaim Chaimoff, MD 


è After the observation that lavages with alkaline solutions 
exert a beneficial effect on the bleeding tendency and increase 
platelet aggregation in patients with intragastric hemorrhage, 
studies were undertaken to find a relationship between changes 
of pH and platelet morphology. Transmission anc scanning 
electron microscopy showed that at a pH lower than 7.4, normal 
human platelets change their internal structure as well as their 
shape, becoming spheres deprived of pseudopodia. On *he other 
hand, a pH higher tran 7.4 induces transformation of platelet 
internal organelles similar to that caused by thrombin. At an 
alkaline pH, the pletelets develop multiple pseudopcdia that 
facilitate their attachment to each other. These findings may 
explain the increased platelet aggregation in alkaline medium 
demonstrated in one of our previous works. 

(Arch Surg 114:707-710, 1979) 


assive bleeding from the gastrointestinal tract is a 
hazardous condition that requires vigorous treat- 
ment. It has been shown that gastric lavage with alkaline 
solutions has a beneficial effect on the bleeding giving 
opportumity to postpone or even to avoid surgery.' We have 
demonstrated in a previous study that change of the 
plasma pH in vitrc may alter some of the plasma clotting 
properties, as well as some of the platelet functions.* Of 
special interest were the changes in platelet aggregation 
that decreased at a lower pH and increased at a higher pH. 
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Our results support the findings reported by Green et 
al.? 

The present study was undertaken to evaluate by trans- 
mission (TEM) and scanning (SEM) electron microscopy 
the behavior of platelets at different pH. The existence of 
platelet ultrastructural alterations induced by changes in 
the PH may serve as an explanatory mechanism for the 
impaired platelet aggregation observed at a pH lower or 
higher than 7.4. 


SUBJECTS AND METHODS 


Platelet-rich plasma was obtained from 40 mL of venous blood 
withdrawn with a heparinized syringe from healthy donors. The 
platelets were separated by centrifugation, resuspended in mini- 
mal essential medium, and divided into five tubes. The cells of the 
first tube were fixed in cold 1% glutaraldehyde, pH of 7.4, and 
served as control. The pH of the medium in the remaining four 
tubes was brought to 7.4, 7.2, 5.5, and 9.0, respectively, and the 
tubes were kept at 37 °C for 30 minutes in a water bath. The 
platelets of these three tubes were fixed in cold 1% glutaraldehyde 
in phosphate buffer solution with a pH equal to that of the 
corresponding tube. For TEM, the cells were postfixed in 1% 
osmium tetroxide, dehydrated in graded alcohols, and embedded 
in an epoxy resin (Epon 812). Thin sections were cut with an 
ultratome and examined with a TEM. For SEM, the platelets were 
smeared on glass coverslips according to the method of Sanders et 
al,‘ dehydrated in graded freons, critical-point dried using CO., 
and coated with gold. 


RESULTS 
TEM 


Control platelets showed a normal ultrastructure of the 
specific granules, mitochondria, microtubules, and the rest 
of the cellular organelles (Fig 1). The platelet structure 
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Fig 1.—Transmission electron micrograph of control platelet 


showing normal arrangement and ultrastructure of cellular orga- 
nelles (original magnification x 14,750). 





Fig 3.—Platelets incubated at pH of 5.5. Cells are dispersed and 
almost completely deprived of pseudopodia (original magnifica- 
tion x 14,750). 


after incubation at a pH of 7.4 is shown in Fig. 2. The cells 
possessed a round or irregular shape with a noticeable 
tendency to aggregation. The granules were concentrated 
mostly in the center of the platelets, the organelles being 
well preserved. Platelets examined at a pH of 7.2 did not 
differ from those incubated at a pH of 7.4. At a pH of 5.5, 
the platelets appeared dispersed (Fig 3) and only rarely 
were aggregates of a few cells seen. In some of the cells, 
the number of the specific granules seemed to be reduced 
and very often they were dispersed throughout the 
hyalomere. Although the structure of the organelles was 
preserved, a certain degree of vacuolization of the cyto- 
plasm was noted. After incubation at a pH of 9.0, the 
platelets showed a noticeable tendency for aggregation 
(Fig 4) There was an increased number of granules 
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Fig 2.—Platelets incubated in medium with pH of 7.4. Cellular 
organelles are well preserved, but tendency to central conzentra- 
tion is visible (original magnification x 14,820). 
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Fig 4.—Platelets incubated at pH of 9.0. Cells are seen in 
aggregates (original magnification X 24,350). 
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centripetally located. The platelet organelles were well 
preservec, but a slight degree of vacuolization was pres- 
ent. 
SEM 

Control platelets showed characteristic surface feztures 
consisting of irregular shapes with bulbous protuberations 
of different form and size, as well as short pseadcpodia 
(Fig 5). After incubation at a pH of 7.4 and of 7.2, the 
platelets ehanged their shape showing less protuberations 
and more and longer pseudopodia. The tendency -o aggre- 
gation was increased (Fig 6). Incubation at a pH of 5.5 
transformed the platelets to oval or spheric cells, almost 
completely deprived of processes and pseudopodia (Fig 7). 
The cells seemed smaller in size, separated from ezch ther, 
and no tendency to aggregation was observed. A- a 5H of 
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Fig 5.—Scanning electron micrograph of control platelets. Cells 
possess moderate amount of bulbous or needle-shaped pseudo- 
podia. Markers are 1 y. 





Fig 7.—Platelets incu»ated at pH of 5.5. Round or oval sFape and 
lack of pseudopodia is demonstrated. Markers are 1 y. 


9.0, the platelet form changed again: the cells showed 
multiple, long, neecle-shaped pseudopodia. The tendency to 
aggregation was notieeably increased (Fig 8) and most of 
the cells were seen in clusters. 


COMMENT 


In our previous work, we have shown the existence of a 
correlation between the pH level and platelet function. At 
a pH lower than 6.5 to 7.0, the platelet calcium and 
serotonir content deereased, whereas at a higher pH it 
noticeably increased. As for the platelet aggregation 
induced by epinephrine, a normal double-wave pattern was 
detected at a pH cf 7.6. These findings are in agreement 
with previous reported observations.*:> 

Changes of platelet shape and ultrastructure are 
observed during both the primary and secondary wave 
induced by thrombin.’ They consist in loss of the platelet 
discoid shape and appearance of multiple pseudopodia. The 
organelles move towards the cell center. These alterations 
may be reversible, depending on the amount of the added 
thrombin. Within sen minutes after the addition ef small 
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Fig 6.—Platelets incubated at pH of 7.4. Note tendency to 
aggregate formation. Markers are 1 u 





Fig 8.—Platelets incubated at pH of 9.0. Note tendency to 
aggregation. Markers are 1 y. 


amounts of thrombin, the cell shape is restored. When 
larger amounts of thrombin are used, a double wave of 
aggregation occurs, characterized by clumping of the orga- 
nelles at the cell center and the appearance of the platelet 
release reaction accompanied by cell destruction. It is 
evident, therefore, that any alteration of the platelet 
shape, irrespective of the inducing agent, may result in 
impairment of platelet aggregation. 

The present results demonstrate a correlation between 
the platelet shape and ultrastructure, on the one hand, and 
the pH of the incubation medium, on the other. Scanning 
electron microscopic observations showed that in addition 
to the alterations induced by changes in the pH, the simple 
process of incubation causes the appearance of pseudopo- 
dia and an increased tendency to aggregation. However, 
this tendency was much more pronounced when the pH of 
the incubation medium was increased to 9.0. The appear- 
ance of numerous, longer, and filamentous pseudopodia in 
alkaline medium facilitates the connection of the cells with 
each other and the precipitation of the aggregation 
process. The internal transformation of the platelet orga- 
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nelles at a pH of 9.0, which is similar to that observed in 


- platelets exposed to thrombin, may be an additional trig- 


ger for increased aggregation. Moreover, since platelets 
incubated at a higher pH undergo internal transformation 
and surface changes similar to those observed in platelets 
exposed to thrombin, it is conceivable to assume that a 
higher pH exerts a thrombin-like effect on the platelets. 
On the other hand, the alterations of the platelet ultra- 
structure at a lower pH, such as observed with both TEM 
and SEM, serve as an explanation for the decreased 
platelet aggregation observed in acidified medium in vitro. 
It is evident that platelets transformed to spheres and 
deprived of pseudopodia cannot make firm contact with 
each other and they fail to aggregate. 

The role of the "decentralization" of the platelet orga- 


nelles in -he prevention of the aggregation process remains 
unclear. Changes of the platelet shape withou- platelet 
aggregation was observed after exposure of rabbit plate- 
lets to a lower pH.? It is conceivable that similar caanges of 
the platelet shape and ultrastructure occur during intra- 
gastric b-eeding, when the platelets are exposed to the low 
pH of the gastric content, thus increasing the bleeding 
tendency in patients with intragastric hemorrhage. On the 
other hard, the increased tendency to aggregation induced 
by a higber pH may explain the beneficial effect of gastric 
lavage with alkaline solutions on the hemorrhagic diathesis 
in these »atients. 


This work was supported by a grant from the Chief Scientsst's Bureau, 
Ministry of Health, Israel. 
J. Sadovrak did the photographie work. 
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Editorial Comment 


When platelets are activated by adenosine diphosphate, throm- 
bin, and many other stimuli, the first morphologic alteration is a 
change in shape, with transformation from disk to spiculated 
sphere. The possibility that such a change might facilitate platelet 
clumping was first suggested by Bangham and Pethica, who 
pointed out that the mutually repulsive negative charges that 
prevent intimate contact of adjacent cells would be minimized at 
the tips of pseudopodia, because of their small radius of curvature 
and, therefore, reduced repellant forces. Thus, the observations by 
Djaldetti and associates describing spiculation of the platelet at 
elevated pH levels, at which aggregation is enhanced, and conver- 
sion to spheres at lower pH levels, at which aggregation is 
inhibited, fit into a rational framework. 

As usual, however, the story is more complex. Epinephrine- 
induced platelet clumping is not accompanied by a change in the 
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shape of the platelet, so formation of cytoplasmic processes seems 
not to be zn absolute requirement for platelet-platelet propinqui- 
ty. Furthermore, platelets aggregated by thrombin car. be disag- 
gregated, "esume their normal shape, and circulate wita a normal 
lifespan. Whether the change in shape observed by the authors at 
different pH levels accounts for the differences in platelet suscep- 
tibility to aggregation or simply reflects a parallel pheromenon is 
a question that will require additional investigation. 

EpwiN W. SALzMAN, MD 

Boston 
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Predictability of Present Outcome and 


Future Recurrence in Acute Pancreatitis 


Bhagwan Satiani, MB, BS, H. Harlan Stone, MD 


e Although acute pancreatitis is relatively commor, factors 
useful in predicting immediate outcome or likelihood of recur- 
rence have se«dom been studied in greater detail. A ten-year 
experience with 389 patients hospitalized for 821 separate 
episodes of acute pancreatitis was reviewed. The overall mortal- 
ity was 6.7%, being »ighest on the first admission and consider- 
ably greater for white males. Respiratory complications account- 
ing for 27% of the tatalities were the most common causes of 
death. The incidence of considerable morbidity was 19.5%. 
Clinical diagnoses of “shock” and “respiratory distress" were 
associated with mortalities of 88% and 71%, respectwely. The 
overall recurrence rate was 50.1%, with little variation regardless 
as to the number of previous bouts. Recurrence was more likely 
if the patient was black, male, older than 30 years of age, and had 
experienced a second episode of acute pancreatitis. Admission 
data aid considerably in identifying high-risk patients in whom 
major complicatioms develop, who die during the present 
episode, or who have a future recurrent bout of acute pancreati- 
tis. 

(Arch Surg 114:7° 1-716, 1979) 


As pancreatitis is a relatively common diagnosis in 
patients with the acute onset of abdominal pain, the 
exact attack rate is not known. Review of the medical 
literature only compounds the confusion, for considerable 
differenees are rezularly noted in reported causes, patient 
populations, and criteria used for diagnosis'* Few 
prospective studies have been run, even though a large 
number of reports can be found to emphasize the clinical 
features and modes of therapy in acute pancreatitis. 
Nevertheless, detailed analysis of prognostic factors, 
morbidity and mortality for specific groups of patients 
and, in partieular, the predictability of future reeurrences 
have seldom beer presented. Accordingly, a retrospective 
review of unseleeted cases of acute and acute recurrent 
panereatitis was eonducted to better define prognostic 
indicators of morbidity and mortality, to document the 
incidence of recurrence and, finally, to predict the likeli- 
hood of such future recurrences of pancreatitis. 


CLINICAL MATERIAL 


The hespital records of 422 patients with a diagnosis of acute 
and acute recurrent pancreatitis admitted to Grady Memorial 
Hospital, Atlanta, between Jan 1, 1966, through Dec 31, 1975, were 
reviewed. Of these, 33 patients were excluded because of insuffi- 
cient data recorded in the chart. The diagnosis in the remaining 
389 patients was based on the following data: a clinical picture 
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strongly suggestive of acute pancreatitis plus an elevated serum 
and/or urinary amylase level; subsequent development of one of 
the recognized complications of acute pancreatitis; or operative or 
postmortem pathologic evidence of acute pancreatitis. Hospital 
charts of these 389 patients were reviewed in considerable detail. 
The medical history, admission physical findings, complications 
noted during hospitalization, and certain laboratory values were 
carefully noted. The latter included hematocrit, WBC count, serum 
calcium and phosphorus, serum and urinary amylase, and arterial 
blood gas determinations. 

Based on the subsequent clinical course, each patient admission 
was categorized by one of three terms: living (surviving with an 
uncomplicated hospital course); morbid (surviving, but with a 
complicated hospital stay or a hospital stay protracted beyond ten 
days); or died (fatalities during that hospital admission). Patient 
follow-up could be extended to almost ten years in some cases. The 
minimum was two years. Prediction of future episodes was 
considered on the basis of the number of prior admissions for the 
disease in each age, race, and sex category. Statistical significance 
of results was determined by the x? test. 


RESULTS 


There were a total of 821 separate admissions among the 
389 patients, with an average of 2.1 admissions per patient. 
The youngest was less than 1 year of age, whereas the 
oldest was 75 years of age. The mean age for the entire 
population was 39 years. Males constituted 60% of the total; 
72% were black. The various causal factors are given in 
Table 1. Alcoholic pancreatitis was slightly more common 
in the fourth decade of life, whereas biliary tract disease 
causing pancreatitis was most frequent in the sixth. 
Patients in the first two decades of life had other patho- 
logic states causing the pancreatitis, eg, trauma and 
mumps. 


Mortality 


The overall mortality was 6.7%, with the first two 
decades and eighth decade having higher mortalities (Fig 
1). The mortality in patients older than 50 years of age was 
not significantly greater than those younger than 50 
(P < .05). The mortality of males, 8%, was also not substan- 
tially different from that of females, 4.5%. A striking 
feature, however, was the greater death rate noted in 
whites, 13.7%, when compared with blacks, 3.2% (P < 0.1). 
Approximately half of the 26 deaths occurred in white 
males, although an equal number of black and white men 
had pancreatitis for the first time. There were no deaths in 
patients with pancreatitis ascribed to underlying biliary 
tract abnormalities (Table 1). 

The most common cause of death was respiratory failure, 
which accounted for seven of the 26 fatalities (Fig 2). The 
time of death ranged from less than 24 hours to 41 days 
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Undetermined 12 (3.1) 1 8.3 
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DECADES 


Fig 1.—Morbidity and mortality of patients with acute pancreatitis 
according to age by decade (open bar, living; slashed bar, 
morbid; and solid bar, died). 
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Fig 2.—Causes of death in fatal cases of acute pancreatitis. 


after admission, the median duration of hospitalization for 
the fatal cases being 5.5 days. About one fourth of the 
deaths occurred within 24 hours and more than half within 
seven days after admission. 

The mortality for those 198 patients who had acute 
pancreatitis for the first time, 9.6%, was significantly 
higher than that for those with a repeated episode 
(P < .01). The mortality was 3% for the second admission 
and 4% for each subsequent episode requiring hospitaliza- 
tion (Fig 3). 

There were 27 operative procedures performed during 
the most recent hospital admission for pancreatitis, with 
no deaths. Internal or external drainage of pseudocysts 
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Table 1.—Cause and Mortality 











was obtained in ten patients, cholecystectomy in eight, and 
diagnostic laparotomy in five. Four patients underwent 
some other operation. Four of the six patients wizh hemor- 
rhagic pancreatitis seen during this period died. Each of 
the four deaths occurred in a white man with his first 
episode of pancreatitis. In two of these cases, the diagnosis 
was made at autopsy. 


Morbidity 


The morbidity for the most recent admission was 19.5%, 
representing 76 patients. The incidence was highest in the 
elderly, a 40% morbidity being encountered in those in 
their eighth decade of life (Fig 1). Females had a signifi- 
cantly higher incidence of admissions being classified as 
morbid, 30%, in comparison with males, 12% (P < .001). No 
substantial differences were noted between the races or 
between the alcoholic patient, 19.6%, and the biliary tract 
groups, 16.6%, even though there were only 12 pztients in 
the latter. Morbidity increased from 15% on the first 
admission to 3956 for the third (P — .05) and then gradually 
declined to 14% for later admissions (Fig 3). 

In addition to the 76 latest admissions regarded as 
morbid, there were 63 similar episodes during pricr admis- 
sions, so that the overall morbidity for 821 separate 
admissions was 14%. In patients who either died, had 
morbid courses, or recovered uneventfully during the latest 
hospitalization, the incidence of a previous morbid episode 
of pancreatitis was 57%, 38%, and 15%, respectively. Hence, 
if the present admission was associated with complications, 
future recurrences were more likely to be complicated 
and/or protracted as well. 


Prognostic Factors 


Correlation of clinical and laboratory values in patients 
with an adverse outcome (morbidity or mortality) 
confirmed some established clinical assumptions. An eleva- 
tion in oral temperature to 39 °C or greater was associated 
with a poorer prognosis (P — .01) (Fig 4). Respiratory 
distress, a clinical diagnosis usually confirmed by arterial 
blood gas analysis, was recorded in 21 patients and carried 
a mortality of 71% that was significantly greater than if 
pulmonary difficulties had not occurred, 1% (P < 001). 
Similarly, hypotension or shock requiring intensive resus- 
citative measures was observed in 25 patients, 22 (88%) of 
whom died. This mortality was significantly greater than 
that for patients never in shock, 1% (P < .001). 

Data on the amount of fluid or colloid administered was 
too meager to draw any conclusions. An elevation o? the 
WBC count to 15,000/cu mm or greater (50 patients) was 
associated with an adverse outcome. The mortalizy alone 
increased from 0% in patients with a count of less than 
5,000/cu mm to 14% in those with a count of 15,000/cu mm 
(P — .01). A serum amylase value of less than 200 units 
(normal, 70 to 200 Somogyi units) was recorded in 12 
patients and the combined morbidity and mortality in this 
group was significantly higher than in patients with a 
serum amylase level greater than 200 units (P < .05). 
Hence, an inverse relationship was obtained between the 
magnitude of serum amylase elevation and prognosis 
(Fig 5). 
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A serum calcium level of less than 7 mg/dL (normal, 8.7 
to 10.7 mg /dLà was observec in seven of 288 patients, three 
of whem died. Not only was the mortality in hypozalcemic 
patients significarmtly higher (P < .001), but the mortality 
seemed © deerease as the serum calcium level imcreased 
(Fig 6. 

Although arterm! blood gas values were not routinely 
obtained, 45 patients had such documented in their chart. 
No patient with a ?o0, of less than 60 mm Hg on rocm air on 
the day of admission survived. No deaths occarred in 
patients with normal blood pH values. An appareat corre- 
lation of mortality with a bleod pH of less than 7.35 was not 
statistically Signiacant. 


Recurrent Pancreatitis 


Only ene bout ef acute pancreatitis was experienced by 
198 patients; the have nct been admitted for a second 
episoce. The overall recurrence rate was 50.1%, this being 
higher m the blask, 52%, than in the white patient, 40% 
(P< D5. The re-urrence rate was also high in patients 
between 40 and 4* years of age when compared with those 
older than 60 years of age (P — .05) In patients with 
biliary trac: disease, future recurrence depended cn wheth- 
er the underlymg abnormality had been surgically 


corrected. Three »atients underwent cholecystec-omy and. 


two urderwent cholecystectomy with choledochotomy 
after their first bout of pancreatitis; none have been 
readmitzed, the follow-up in one case being ten years. 
Three patients with chole ithiasis detected on their first 
admission returned with another bout of pancreatitis 
within a year, subsequently underwent cholecystectomy, 
and have had no recurrences, a nine-year follow-up being 
availab.2 in one «ase. The follow-up in 11 patients with 
associated gallstones detected on their first and only 
admission for acute pancreatitis (seven regarded as having 
alcohol as the caase) has been insufficient for any conclu- 
sions te be crawa. Four additional patients witk a history 
of heavy alcehol mtake anc prior cholecystectomy have had 
continued recur-enees, each of which was ascribed to 
aleoho! abuse. 


Prediction of Future Recurrence 


Based on the aumber o? patients who were readmitted 
with aute panereatitis in various age, race and sex 
catego-ies, the caance of recurrence after each episode was 
calculated At the two extremes of age, the recurrence rate 
was low. In the third decade, the projected recurrence rate 
increased after the second episode of pancreatitis, whereas 
in the 40- to 49-year-old age group, the predieted recur- 
rence rate was high even after the first ep sode. The 
recurrence rate n the blaek male was more thar 60% after 
the ürst episode, especial y increasing after ag» 30 years. 
Similarly, in the white male, the predicted recurrence rate 
increased after the seccnd attack, but this was noted 
primarily in theolder age groups, ie, older than 50 years of 
age. Im the black female, the projected recurrence rate was 
higher in middle-aged patients and only after the seventh 
episoce. In those either younger or older, recurrence was 
highest after tae second or third attack. The 50% recur- 
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Fig 3.—Morbidity and mortality of acute pancreatitis in relation to 
number of prior episodes (slashed bar, morbidity; and solid bar, 
mortality). 
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Fig 4.—Outcome of acute pancreatitis according to highest oral 


temperature (solid bar, died; slashed bar, morbid; and open bar, 
lived). 


rence rate did not change substantially on later admissions. 
The white female had the lowest incidence of recurrence at 
all decades. 


COMMENT 


Alchohol as a causal factor in the production of pancrea- 
titis was appreciated as far back as 1889. Fitz: apparently 
was the first to state that many patients with this condi- 
tion were addicted to alcohol. Sarles? further subcatego- 
rized alcoholic pancreatitis into acute and chronic varieties, 
an early onset, calcification, diabetes mellitus, exocrine 
insufficiency, and a possible genetic predisposition being 
characteristic of the latter. The entire patient population 
in the present series satisfied the necessary criteria for 
characterization as acute and acute recurrent pancreatitis, 
according to the Marseilles Classification.” ` 
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Fig 5.—Outcome of acute pancreatitis according to admission 
serum amylase levels (solid bar, died; slashed bar, morbid; and 
open bar, lived). 
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Fig 6.—Outcome of acute pancreatitis according to admission 
serum calcium levels (solid bar, died; slashed bar, morbid; and 
open bar, lived). 


Prognostic Factors 


Prolonged hypotension in acute pancreatitis has general- 
ly been regarded as an ominous sign.* On comparing the 
hypotensive effects of intravenously administered pan- 
creatic juice with that of exudate formed during bile- 
induced pancreatitis in dogs, Satake and colleagues’ 
concluded that local accumulation of ascitic fluid may play 
a role in the resulting hypotension. Similarly, Keith and 
Watman” discovered a 30% reduction in the plasma volume 
of dogs in experimental pancreatitis. In a clinical study, 
Foster found shock to be present in 23 of 60 patients, with 
a resulting 87% mortality. A gradually falling WBC count, 
possibly due to lysis or sequestration of WBCs in the 
peripancreatitic space, has been taken to indicate a poor 
prognosis; this observation has been confirmed repeated- 
ly.*'* The inverse relationship noted between the severity 
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of the disease and the concentration of the serum amylase 
has also been reported frequently.’ Some authors have 
suggested that values greater than 1,000 Somogyi units 
invariably reflect a surgically correctable biliary tract 
lesion, yet this has not been uniformly observed. 

Hypocalcemia is generally considered to indicate a poor 
prognosis and consistently has represented a valid sign of 
the more virulent or hemorrhagic form of pancreatitis. 
Low serum calcium values early in the course of the disease 
demand intensive monitoring and aggressive resuscitative 
measures. Binding of calcium during retroperitoneal 
saponification and increased glucagon levels resulting in 
hypocalcemia through the thyrocalcitonin mechanism seem 
to be responsible in part for this laboratory change, 
although the exact cause is still uncertain.'^ More recently, 
increased levels of cyclic 3’,5’ adenosine monophosphate 
either from destruction of pancreatic tissue or stimulation 
of the adenyl cyclase system by various hormones have 
been said to portend a poor prognosis." 


Mortality 


Reported mortality in recent years has varied from 5% to 
48% depending on cause and types of  pancreati- 
tis.^?5511.21* 7? Such represent a considerable decline from 
earlier figures of 50% and greater." Comparison of mortal- 
ity for pancreatitis due to alcohol and those associated with 
biliary tract disease have been contradictory. *^ Where 
alcohol has been the predominant factor, a 6% to 10% death 
rate is gererally reported. In two earlier reviews from this 
institutior, the incidence of alcoholic pancreatitis has 
increased from 39% to 76%, respectively, to the current 67% 
(Table 2). These figures do suggest a lower mortality in 
the alcohol-induced variety, although improvement in 
resuscitative measures may have had some effect. 

The highest death rate in the present report was during 
the first admission, and this has recently been observed by 
Ranson and colleagues as well; However, the fivefold 
increase in mortality noted in the white male is somewhat 
puzzling. The reason remains obscure. 

The dismal prognosis in hemorrhagic pancreatitis has 
been documented repeatedly. Death occurred during the 
first bout in 49 of 51 patients reported by Jordan and 
Spjut? and five of six patients in the present series. 
Aggressive measures, such as peritoneal dialysis," sump 
drainage," triple tube intestinal decompression, and subto- 
tal pancreatectomy have all been advocated, but each 
remains controversial.*' 

Approximately half of the deaths take place within the 
first week after admission. These are usually related to 
refractory shock, massive fluid shifts, and unrelenting 
respiratory failure.** Trapnell* found that one third of the 
deaths in his patients took place in the first 24 hours; 
similar figures were reported by Storck et al** in the study 
of 116 patients. 


Morbidity 


In uncomplicated disease, the response to nasogastric 
drainage and intravenous fluids is prompt, and discharge 
from the hospital can be anticipated within seven to ten 
days. However, in a recent report of 200 patients, Fellner” 
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stated that 150 patients were hospitalized for 125 days or 
more; only 50 went home earlier. Causes of prolonged 
hospitalizatiom indude paralytic ileus, malnutrition, asso- 
ciated infections and unremitting pancreatitis, as demon- 
strated by persistent abdominal pain, and continued eleva- 
tion of the serum and/or urinary amylase levels. 

Infection eventuating inte pancreatic abscess has been a 
major faetor in the mortality of the disease in some series, 
with Escherichia coli and other Gram-negative bacilli 
being the primcipel pathogens." In a study of 116 deaths 
from acute pancreatitis, 7% of all deaths were due to 
residual infection** The ineidence of pancreatic abscess 
has ranged frem 5% to 10%, with an average 37% mortality 
if drained and a 100% mortality if undrained.* Although 
sepsis was responsible for 15% of the deaths in the present 
series, a figure similar to the 19% reported by Howard and 
Ehrlich,” no pancreatic abscesses were recognizec. 

The prophylactic use of antibiotics in the acute stage has 
been recommended on the basis of an improved survival in 
pancreatitis induced im the experimental animal by closed- 
loop duodena obstruction. Controlled, prospective, and 
randomized studies have shown no difference in mortality 
and morbidity with the use of prophylactic antibiotics, 
though the choice of the specific agent used in the two 
reported studies is open to some question with respect to 
antimierobiel spectrum.*?:* 

There has deem am ever increasing awareness of the 
lethal pulmonary complications coincident with acute 
pancreatitis.“ In contrast to earlier reports where such was 
not even mentioned, ventilatory problems were the leading 
causes of death in -he present series. The exact mechanism 
of respiratory insufficiency remains unknown. Hayes et 
al** noted an increased pulmonary wedge pressure with a 
concomitant decrease in serum calcium levels ^n acute 
pancreatitis. Serum lecithinase levels have also been found 
to be elevated, anc this in turn has been thought t» lead to 
a deerease -n pulmonary surfactant and an increase in 
surface tension.” An extremely high mortality in patients 
in whom respiratery failure develops has been roted by 
other observers.'*-^ Because of the possibility of circulating 
enzymes beng absorbed from the inflamed peritoneum, 
peritoneal lavage has been instituted at the first sign of 
respiratery imsuffeciency amd has been found to be of 
considerable bene it, even though control studies are not 
yet available. The need for an initial blood gas determina- 
tion in all patients with acute pancreatitis, however, cannot 
be overemphasized. 

Renal fai'ure is another serious complication of acute 
pancreatitis and was responsible for 15% of the Geaths in 
the present series, im addition to being a contributing 
factor in many otaer fatalities. The initial oligur.a seems 


Table 2.—Acute Pancreatitis 


at Grady Memorial Hospital 





No.of Alcohol, No.of Mortality, 
Years Author Patients % Deaths % 


1948-1954 Howard” 89 39 13 15 
1955-1864 Martm” 250 76 57 23 
1965-1875 Present 389 92 26 7 
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to be related to a massive loss of extracellular fluid.'^ 

Although hypotension may be the initiating event, toxic 
products of pancreatic autodigestion and vasoactive poly- 
peptides of pancreatic or plasma origin have been incrimi- 
nated as additional factors responsible for the development 
of renal failure. Whether there is a specific alteration in 
blood flow to the kidney and, thereby, subsequent impair- 
ment in renal function is still speculative. Pancreatitis 
does, however, interfere with gross renal function as 
manifested by an increasing BUN level; this event is 
associated with an approximate 80% mortality. As far as 
other values are concerned, solute clearance, amylase clear- 
ance, mean arterial pressure, renal vascular resistance, and 
total peripheral resistance have all been shown to increase 
during the acute phase. Conversely, glomerular filtration 
rate, effective renal plasma flow, and true renal plasma 
flow are all decreased in the acute phase, with all values 
returning to normal on recovery.** The possible release of a 
vasopressor during the acute phase and, therefore, the 
indications for use of a vasodilator as a countermeasure 
has been raised; the latter may, however, substantially 
reduce renal circulation if used for long periods of time. 

Consequent pancreatic exocrine insufficieney may not 
become obvious for eight to ten years." Marks" followed 
up 243 patients, 148 of whom had alcohol-induced pancrea- 
titis, after identifiable episodes of pancreatitis for at 
least three years and found that in 19.7% diabetes mellitus 
developed and in 12% the clinical manifestation of some 
obvious form of exocrine insufficieney occurred. Lack of 
specific clinieal and laboratory data from patients in the 
present series prevented an accurate analysis of this 
problem. 


Recurrence 


In 61 patients followed up for one to six years (average, 
33 months) as previously reported from Grady Memorial 
Hospital, a recurrent episode was noted in 51%.” Although 
the percentage of patients with alcoholic pancreatitis was 
much lower than in the present series, the overall recur- 
rence rate was the same. In another series of 108 patients 
where alcohol was the cause in only 22%, the recurrence 
rate was 70%, with a follow-up period extending up to 13 
years. From Great Britain, a 3395 recurrence rate was 
reported by Trapnell, with the alcoholic group relapsing 
twice as often as those with biliary tract disease. A 
recurrence rate of 50% was also observed by Olsen? in a 
prospective study of 100 patients followed up for at least 
one year. Gambill et al” stated that pancreatitis secondary 
to biliary tract disease had a greater tendency to recur, 
whereas most other investigators have suggested that it is 
the alcoholic variety that characteristically relapses.” The 
clinical observation that cholecystectomy is usually 
successful in preventing subsequent recurrences of 
pancreatitis in patients with biliary tract disease as the 
initiating factor, in contrast to those with associated heavy 
alcohol intake where corrective biliary surgery has been of 
little to no benefit, has been documented repeatedly.’ In a 
study of 51 patients undergoing cholecystectomy and 
eholedochotomy after an acute bout of pancreatitis, only 
four were noted to have a recurrence." An extremely low 
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recurrence rate of pancreatitis after relief of the underlin- 
ing biliary tract abnormality was strikingly demonstrated 
in the present series. 

Since about 50% of all patients are expected to have a 
recurrence after the first and subsequent episode, it would 
seem critical to identify high-risk groups. No other studies 
have attempted to predict future episodes of pancreatitis 
based on age, race, or sex categories; yet, once patients at 
high risk are identified, it is conceivable that certain 
surgical procedures could be undertaken in an effort to 
prevent recurrence and its associated morbidity. Pradhan 
et al’? reported good results in 14 patients with recurrent 
alcoholic pancreatitis treated by vagotomy and antrectomy 
with Billroth II reconstruction. The follow-up was five 
years. The rationale proposed was that vagotomy would 
eliminate the cephalic phase of gastric secretion, antecto- 
my would reduce secretin production, and diversion of acid 
chyme would prevent edema of papilla of Vater. 
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Editorial Comment 


This study has reviewed, in retrospect, an immense amount of 
information concerning acute pancreatitis as it is seen in a large 
municipal hospital. The result is a further clarificat on of the 
clinical features of this disease, particularly as they reate to 
mortality, morbidity, and the likelihood of recurrence. In general, 
the findings concerning those prognostic features thet increase 
the danger of death or complications confirm the risk factors 
identified by others. However, the data as related to age, sex, and 
race bring out some unusual findings, such as the increased 
mortality in white males. 

The incidence of recurrent episodes of pancreatitis is similar to 
that reported by others, but the attempt to identify those patients 
with a high risk of recurrence adds a new dimension. The 
information provided is generally clear, although some ef it is 
difficult to interpret. It would now be of interest to apply this 
information in a prospective fashion. 

Clearly not all aspects of such a large experience cculd be 
addressed. Accordingly, one can only wonder about the occurrence 
of pseudoeysts, or of endocrine and exocrine insufficiency, or of 
the evolution of chronic pancreatitis. One may certainly be envious 
of any series of 821 episodes of acute pancreatitis withcut £ single 
pancreatic abscess. . 

In considering the possible therapeutic implications o these 
data, it seems prudent to be cautious since no information bearing 
on therapy was accumulated. The effect of abstinence from alcohol 
should certainly be considered as strongly as any surgical 
approach. 

This investigation serves to further identify the clinical 
features and risk factors of acute pancreatitis. It will zhus aid in 
establishing the prognosis for individual patients, altaough this 
may not, in fact, alter their clinical course. 

GARDNER W. SMITH, MD 
Baltimore 
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Pediatric Appendicitis 


A 20-Year Study of 1,640 Children at 
Cook County Illinois) Hospital 


Joseph S. Jank MD Hugh V. Firor, MD 


* Of 1,540 children with acute appendicitis treated at Cook 
County (Illinois) Hospital between Jan 1, 1957, and Dec 31, 1976, 
35% had appendiceal perforation. Overall morbidity was 12.8% 
and mortality was 024%. Antibiotics, transperitoneal drainage. 
and delayed wound closure were used routinely in children with 
appendicea! perforation. Antibiotics and transperitoneal drains 
did not appreciably alter the incidence œf intra- 
abdomina! abscess formation. Delayed wound closure in 
patients with appendiceal perforation reduced the inc:dence of 
wound infection by 7595. 

(Arch Surg 114:777-719, 1979) 


T the pediatric age group, appendicitis is the most 
common condtion requiring abdominal surgery. De- 
spite a eentury of clinical experience, the morbidity and 
mortality of appendicitis continue to be appreciable and 
more than 190 children still die of appendicitis eaca year in 
the United States." 

Advances in fluid resuscitation and anesthesia are large- 
ly responsible for the 75% reduction in mortality during the 
past 25 years. The role of antibiotics, intraperitoneal 
drains, and delayed wound elosure is less clearly defined.* 
It is our purpose to describe a 20-year experience of 
managing this eordition and to test the efficacy of the plan 
of management that has been followed. 


SU3JECTS AND METHODS 
Patient Population 


Between Jen 1, 1957, and Dec 31, 1976, 1,763 children underwent 
surgery for acute appendicitis at Cook County (Illinois) Hospital. 
The records of 1,640 (93%) children were available for review. No 
child who uncerwen: incidenta. appendectomy or interval appen- 
dectomy has veen included in the study. All charts from children 
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who died after their conditions were diagnosed as appendicitis 
were scrutinized. The number of deaths from appendicitis was 
verified using autopsy and death records. 

Of the 1,640 children, 1,089 were boys (66.4%) and 551 were girls 
(33.6%). Ages ranged from 6 weeks to 15 years (mean, 10 years); 
136 (8.8%) were younger than 6 years, and eight (0.5%) were 
younger than 2 years of age. 


Clinical Signs 


A history of abdominal pain, vomiting, and persistent right 
lower quadrant tenderness, usually with fever and leukocytosis, 
formed the data base for the diagnosis of acute appendicitis. The 
duration of symptoms before admission averaged 2.0 days. Mean 
temperature on admission to the hospital was 38.2 °C; the mean 
preoperative WBC count was 14,845/cu mm. The mean duration of 
hospitalization from admission to discharge was 9.3 days (range, 
two to 65 days) and from operation to discharge it was 9.1 days 
(range, two to 65 days). 


Patient Management 


All children underwent preoperative resuscitation with intrave- 
nous fluids and antipyretics. The objectives of therapy were to 
establish an adequate urinary output and to reduce the heart rate 
to less than 130 beats per minute and the temperature to lower 
than 38.8 °C. Preoperative antibiotics were administered when 
clinical findings indicated a possible appendiceal perforation. 
Resuscitation was usually accomplished within four to eight 
hours. 

The conduct of the operation was according to the guidelines 
established at Cook County Hospital in 1907 by Davison; A 
muscle-splitting incision was used. When possible, the appendix 
was removed and the stump inverted. When an appendiceal 
perforation was found, transperitoneal drainage of the right lower 
quadrant and pelvis was instituted with two Penrose drains, one 
to the site of the appendix and one into the pelvis, and delayed 
wound closure of the skin and the subcutaneous tissue was 
instituted. The majority of the children were managed in this 
fashion, with only occasional changes in this routine. 

Postoperative antibiotie therapy was continued only in children 
with proved perforation. Open wounds were irrigated with a 
variety of agents (normal saline, half-strength Dakin's solution, 
and hydrogen peroxide) and redressed at least once a day. Wounds 
were allowed to heal by secondary intention or were closed with 
sterile adhesive strips on the fourth postoperative day. 
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Table 1.—Postoperative Morbidity 


Complications No. (96) Patients 
Wound infections 118 (49.0) 
Pelvic abscess 60 (25.0) 






Overall complication rate fra (10/8) 












Table 2.—Incidence of Wound Infection 






No. of No. (96) of 
Patients Wound Infection 


Normal appendix 158 5 (3.1) 
Nonperforated 909 39 (4.3) 








Perforated 573 74 (12.9) 
Primary wound closure 135 43 (31.9) 
Delayed wound closure 438 31 (7.1) 







Wound complications es 118 (7.2) 





Table 3.—Incidence of Intra-abdominal Abscess 


No. of 
Patients With No. of Patients 
No. of Intra-abdomi- With Pelvic 
Patients nal Abscess Abscess 


Normal appendix 158 


4 2 
Nonperforated 909 12 7 
51 


Perforated 573 
With drainage 525 
Without drainage 48 





RESULTS 


A total of 1,640 children underwent exploratory laparo- 
tomy, 1,621 (98.8%) had appendectomy, and 19 (1.2%) had 
drainage of an abscess without appendectomy. Thirty-five 
percent of the patients (573 children) had histologie 
evidence of perforation of the appendix, 55.4% (909 chil- 
dren) had acute nonperforated appendicitis, and 9.6% (158 
children) had a normal appendix. A total of 55% of the 
children younger than 6 years old had appendiceal perfora- 
tion. Although the protocol dictated that children with 
perforation should be managed with antibiotics, transperi- 
toneal drainage, and delayed wound closure, 92.7% received 
antibiotics, 91.6% had transperitoneal drainage, and only 
76.4% had delayed wound closure. Penicillin G potassium, 
tetracycline hydrochloride, streptomycin sulfate, or some 
combination of these three drugs were used in 65% of 
patients, while 11.6% of them received an aminoglycoside 
sulfate in combination with penicillin or clindamycin 
hydrochloride hydrate. The antibiotics used and the 
percent usage were as follows: penicillin-streptomycin- 
tetracycline (singly or in combination, excluding penicillin- 
streptomycin), 52.9%; penicillin-streptomycin, 12.4%, ami- 
noglycoside-penicillin, 9.2%; aminoglycoside-clindamycin, 
2.4%; cephalothin sodium (singly or in combination), 7.2%; 
other, 8.6%; none, 7.3%. 
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Morbidity 


A total of 241 complications were recorded in 210 chil- 
dren, a frequency of 12.8%. Wound infections accounzed for 
49% of the complications, intra-abdominal abscesses for 
35%, and the remaining 16% included intestinal obstruc- 
tion, pneumonia, urinary tract infection, and thrombophle- 
bitis (Table 1). The incidence of complications was 
uniformly distributed throughout the 20-year period. 
Wound infection occurred most frequently among children 
with appendiceal perforation (Table 2). The rate of wound 
infection in children with perforation was 7.1% when 
delayed wound closure was used and 31.9% when the wound 
was closed primarily. Intra-abdominal abseess also 
occurred most frequently among children with appendiceal 
perforation (Table 3). Transperitoneal drainage was used 
in the management of 91.6% of the children with perfora- 
tion and was not used in 8.4%. The incidence of intra- 
abdominal abscess was approximately the same in these 
two groups. 

Antibiotics were given to 92.7% of children with appen- 
diceal perforation. Analysis of the various antibiotics 
failed to reveal any superior antibiotic or antibiotic combi- 
nation. No antibiotic, used singly or in combination, was 
associated with fewer than one complication per five 
patients. Fewer than 10% of the children with perforation 
received no antibiotics, and the complication rate im this 
small sample was 4.8%. The percentage of complications 
from appendiceal perforation in relation to antibiotic 
therapy was as follows: penicillin-streptomycin-tetracy- 
cline (singly or in combination, excluding penicillin-strep- 
tomycin), 21.8%; penicillin-streptomycin, 21.1%; aminogly- 
coside-penicillin, 22.6%; aminoglycoside-clindamycin, 
35.7%; cephalothin (singly or in combination), 39.0%; other, 
61.2%; none, 4.8%. 


Mortality 


Four deaths occurred during this 20-year period, a 
mortality of 0.24%. No death occurred in a child younger 
than 9 years old or in any child with a nonperforated 
appendicitis. There have been no deaths in the last 870 
consecutive appendectomies performed since 1964. All 
deaths resulted from uncontrolled postoperative sepsis 
among children with appendiceal perforation. The mean 
preadmission duration of symptoms was 3.5 days. The 
principles of delayed wound closure and transperi-oneal 
drainage were not followed in three of these four children. 
Wound and intra-abdominal abscesses developed in a.l four 
children. 


COMMENT 


During the last 20 years (1957-1976), 1,640 children 
admitted to Cook County Hospital with appendicitis have 
been managed with (1) intensive preoperative resuscita- 
tion, (2) abdominal exploration using a muscle-splitting 
incision, (3) removal of the appendix with stump inversion, 
(4) administration of antibiotics preoperatively when 
perforation was suspected and postoperatively when »erfo- 
ration was confirmed at exploration, and (5) insert.on of 
transperitoneal drains and delayed closure of the wound 
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with findings cf perforation. 

Preoperative resuscitation is essential to prevent mortal- 
ity from anesthesia, hyperprrexia, convulsions, and dehy- 
dration.* The treatment of choice for nonperforated appen- 
dicitis is appendectomy without drainage or ant.biotics, 
and primary wounc closure. In this series, minimal morbid- 
ity and no mortali-y were associated with this plan. 

Controversy persists, however, in optimal management 
of the perforated zppendix.*^ The majority of the compli- 
cations and al! of the mortality in this series occurred as a 
consequence of apsendiceal perforation. In 1941, Miller et 
al' recorded a 13* childhcod mortality for perforated 
appendicitis et Ceok County Hospital, whereas in 1973, 
Haller et al calculated that the continuing childhood 
mortality for perforated appendicitis was approximately 
5%. Nonetheless, despite the serious nature of appendiceal 
pertorstien, the ch-]dhood mortality at Cook County Hospi- 
tal during the last 20 years has been reduced to less than 
0.775 and'has been ail for the last 12 years. These results are 
comparable tc reports from other major children’s hospi- 
tals,^*'^* and hav» oecurred even though the average child 
appears at Cook County Hospital with evidence of 
advanced disease as described by Stone," ie, duration of 
symptoms longer than 1.5 cays, temperature higaer than 
98.0 °C, and a WBC count greater than 13,000'cu mm, 
findings indieative of gangrene or perforation. 

Analysis of the incidence of complieations in children 
with appendiceal perforation treated with artibiotics 
revealed that morbidity oczurred regardless of the anti- 
biotie regimen used and tkat no antibiotic regimen was 
clearly superior. The now-o»solete penicillin-streptomycin 
combinatior was associated with as low an incidence of 
complications as -he newer drug combinations. Children 
with appendieeal »erforaticn who did not receive antibiot- 
ics had fewer infeetions, although this group was zoo small 
to constitute a statisticaly significant sample. These 
results agree with those of Shandling et al who found no 
apprecia dle difference between series reported frem hospi- 
tals that used artibiotics routinely and those that used 
antibiotics selectively. 

The incidence 5f postoperative wound infect.on after 
appendicea. perforation was substantially recuced by 
delayed woand closure. The advantages of transperitoneal 
drainage are less apparen-. In the present series, where 
transperitoneal deains were routinely used for perforation, 
the ineidenze of intra-abdominal abscess was approximate- 
ly the same as that reported in series where drains were 
used more Jiscriminately.*^"'? The deaths recorced in the 
prospective znalysis of tramsperitoneal drainage by Haller 
et al* oecurred in children on whom drainage was 
performed. In ccntrast, three of the four deaths in the 
present series oecurred ir children with perforation on 
whom drainage was not performed. Haller et al concluded 
that transpesitorea! drainage of appendiceal perforation 
offers mo advantage, thus implying that uneontrolled 
appendiceal seps.s can be fatal regardless of whether the 
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peritoneum is drained. This issue remains unresolved. 
John B. Murphy, MD," former attending surgeon at 
Cook County Hospital, pointed out in 1894 that the only 
proved means of reducing mortality from appendicitis are 
early diagnosis, prompt surgical intervention, and recogni- 
tion and treatment of residual septic foci. Nearly a century 
later, these measures, together with appropriate preopera- 
tive resuscitation, remain the mainstay of treatment, 


CONCLUSIONS 


The results of this study indicate the following: (1) 
Resuscitation with intravenous fluids and early operation 
is effective and successful in reducing operative mortality 
in appendicitis. (2) Delayed wound closure is an effective 
means of reducing the incidence of wound infection after 
appendiceal perforation. (3) Antibioties and transperitone- 
al drainage did not appreciably reduce the incidence of 
intra-abdominal abscess formation after appendiceal 
perforation. 


Until 1970, John G. Raffensperger, MD, directed the care of many of the 
children studied. Lynn Olufs, RN, MPH, and Harry Levine, MA, provided 
technical assistance. 


Nonproprietary Name and Trademark of Drug 
Cephalothin sodium—Keflin. 
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Carotid Endarterectomy Shunting 


Effectiveness Determined by Operative Ocular Pneumoplethysmography 


William Gee, MD; Kenneth M. McDonald, MD; Harry A. Kaupp, MD 


è The theoretical advantages and practical disadvantages of 
carotid endarterectomy shunting are well known. To assess 
shunt physiology, we performed operative ocular pneumo- 
plethysmography on six patients before carotid clamping, during 
carotid clamping, during carotid shunting, and on completion of 
carotid repair. In each case the shunt functioned, at best, as a 
vessel with at least a 75% or greater cross-sectional area 
stenosis. However, in all cases it appreciably elevated the 
ipsilateral ophthalmic systolic pressure over that noted during 
carotid clamping. There is no question that carotid shunting 
provides a margin of safety during prolonged carotid clamp- 
ing. 

(Arch Surg 114:720-721, 1979) 


here is considerable controversy over the need for 

shunting during carotid endarterectomy.' Conclusions 
have been drawn from surveys of operative results, but 
little attention has been given to operative documentation 
of the physiologic effectiveness of carotid endarterectomy 
shunting. The purpose of this communication is to describe 
such a study. 


METHODS 


Six patients were examined to determine the effectiveness of 
the Javid shunt. The ocular pneumoplethysmograph (OPG)’ was 
used for this survey. All determinations were made during the 
course of carotid endarterectomy, and four separate measure- 
ments were made in each patient. The first study was performed 
after the induction of general anesthesia and prior to surgical 
draping. The second study was performed during operative stump 
pressure measurements. The third study was performed after 
placement of the Javid shunt, and the final study was performed 
after the procedure was completed, with the patient still under 
general anesthesia. A compilation of the data derived from the six 
patients is presented in the Table. 
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SUBJECTS 


The firs’ two patients were similar in that each had a pressure- 
significant (75% or greater cross-sectional area) unilateral internal 
carotid stenosis, without major contralateral internal earotid 
disease. This observation was made by comparing the initial 
ophthalmie systolic pressures on each side for each patient. Each of 
these two datients had a difference of at least 5 mm Hg between 
the respective ophthalmic systolic pressures. In these two patients, 
the postre»air study demonstrated either equality (patient 1) of 
the respec-ive ophthalmic systolic pressures or a difference of less 
than 5 mn Hg (patient 2), indicating that both patients had had 
the pressu-e-significant stenoses repaired. 

The third and fourth patients had ulcerating lesions for which 
they underwent endarterectomy. In neither case was the degree of 
stenosis considered functionally significant, either by OPG-Gee or 
angiograply. The respective ophthalmic systolic pressures, both 
prerepair and postrepair, were either equal or were different by 
less than 5 mm Hg. These observations confirmed the preoperative 
impression that the ulcerated stenoses in the two patients were 
not pressu-e-significant. 

The fifth patient was unique in that the left interna! carotid 
artery showed severe stenosis, but the right internal carotid artery 
was totally occluded. In spite of these angiographic findings, 
results of the prerepair study indicated a higher ophthalmic 
systolic pressure on the right. This demonstrated the excellence of 
collateral flow to the right side, as compared with that on the left. 
Of particuar importance were the equal ophthalmic systolic 
pressures, 2s determined by the OPG-Gee during the left carotid 
endarterecsomy, during which a Javid shunt was used. This 
observatior indicated that the Javid shunt on the left side was 
functioning no more effectively than the collateral flow cn the 
right side. “he postrepair study showed considerable improvement 
on the left as a result of endarterectomy. 

The sixth patient underwent nonsimultaneous bilateral carotid 
endarterectomies. Preoperatively, a moderate stenosis was noted 
at the orig n of the right internal carotid artery and a severe 
stenosis in he same location on the left. This patient, like the first 
two patiencs, fulfilled the criterion for a pressure-significant 
stenosis preoperatively, as the ophthalmic systolic pressure on the 
left was 24 mm Hg less than on the right. After the initial (left) 
endarterectomy, the left ophthalmie systolic pressure was still 5 
mm Hg less than on the right. This phenomenon is observed in 35% 
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During Stamp Pressure 
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were obtained by azular 5neumoplethysmography during four phases of operation. Abbreviations used in the Table are as follows: R, right; L, left; OD, 
oculus dexter (richt eye)7OS, oculus sinister (left eye). Numbers in the Table represent millimeters of mercury; italicized numbers represent comparative 


improvement of stump pressure by shunting. 


to 40% of patients undergeing endarterectomy, and the difference 
persists for two to four days. The only explanation for this 
observation seems to ke severe spasm of the artery on which the 
operatien is performec. as the opkthalmic systolic pressure invari- 
ably reverts to norma. This was noted in the case of our sixth 
patient who, during tke prerepair study at the second operation, 
had equal ophtha:mic ystolic pressures. 


COMMENT 


Overall, the principal observation from perform ng six 
carotid endarterectem!es on five patients was that, while 
the Javid shumt was in place, the ophthalmic systolic 
pressure on tae side of the saunt was at least 10 mm Hg 
less than on the opposite side. The sole exception to this 

observation was the fifth patient, in whom the opposite 
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side was totally occluded. It appears that the Javid shunt 
functions as a pressure-significant (75% or greater cross- 


; sectional area) stenosis. Nevertheless, in each case it 
greatly improved the ipsilateral ophthalmic systolic pres- 


sure over that noted during proximal carotid clamping for 


stump pressure measurements. There is no question that it 
provides a margin of safety during prolonged clamping. 
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Ductal Carcinoma of the Pancreas 


Rationales for Total Pancreatectomy 


Yukio Matsui, MD; Yukitoshi Aoki, MD; Osamu Ishikawa, MD; Takeshi Iwanaga, MD; 


Akira Wada, MD; Ryuhei Tateishi, MD; Goro Kosaki, MD 


e In order to evaluate total pancreatectomy as a surgical 
procedure for ductal carcinoma of the pancreas, a histopatho- 
logical analysis was made on 18 resected specimens with 
special regard to the pattern of cancer growth in the pancreatic 
tissue. In five of them, there was no lymphatic involvement or 
extrapancreatic invasion, but cancer extended continuously to 
the tail along with the pancreatic ducts and reached the end of 
the ducts in three cases. All 11 patients treated with Whipple's 
procedure died of recurrence, while of four total pancreatecto- 
mized patients, one with continuously invasive cancer to the end 
of the pancreatic duct has been living more than eight years 
postoperatively. We believe that total pancreatectomy for this 
type of “intraductal spreading cancer” without invasion beyond 
the pancreas is indicated as a radical procedure. 

(Arch Surg 114:722-726, 1979) 


inee the first report by Whipple in 1935,' pancreatico- 
duodenectomy has been commonly used as radical 
surgery for carcinoma of the pancreas. However, despite 
the efforts of many surgeons, the five-year survival rate of 
this procedure has been extremely poor, to the extent that 
certain physicians doubt the value of this procedure as 
radical surgery for the malignant tumor." 

On the other hand, total pancreatectomy, of which 
Rockey’ and Priestly et al^ reported the first successful 
cases, has been used frequently in recent years, along with 
the improvement of postoperative management. Ross," in 
describing the advantage of this procedure, stated "any- 
thing less than total pancreatectomy is useless." 

So far as the radicality is concerned, total pancreatecto- 
my is undoubtedly superior to Whipple’s procedure. 
However, the postoperative management following total 
pancreatectomy still leaves many problems, so that the 
indication for this procedure must be most carefully 
considered preoperatively. 

As reported by Miller and Baggestoss,'" cancer of the 
pancreas is mostly of duct origin. Therefore, the determi- 
nation of the mode of intrapancreatic spread of the ductal 
carcinoma of the pancreas would be a substantial help in 
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determining the indication of total pancreatectomy. 

We describe the histopathological study of extersion in 
pancreacic tissue by using the resected specimens of ductal 
carcinoma of the pancreas. 


PATIENTS AND METHODS 


Between 1963 and 1975, 30 patients were treated with surgical 
resection for periampullary and pancreatic carcinoma at the 
Center for Adult Diseases, Osaka, Japan. Of these 30 patients, 18 
(60%) had ductal carcinoma of the pancreas. In this group, 
pancreaticoduodenectomy was performed on 11 patients, resection 
of the body and tail of the pancreas was carried out on three 
patients, and total pancreatectomy was performed on four 
patients (Table 1). A Roux-en-Y-type procedure was used for 
reconstruction in both pancreaticoduodenectomy and total 
pancreatectomy. A Dacron catheter was used as a splnt for 
pancreaticojejunostomy. 

Eight specimens obtained prior to 1971 were cut parallel to the 
long axis cf the pancreas, while ten specimens obtained thereafter 
were eut in the plane vertical to the long axis of the specimens. In 
the latter group of specimens in which cross-sectioning of the 
pancreas was done, the sections were made at 5-mm intervals from 
the main lesion down to the tail of the pancreas. 


RESULTS 


The mede of cancer invasion in the pancreas in these 18 
specimens appeared to be of two types (Fig 1): (1) that in 
which the cancer extended through the main pancreatic 
duct from the main foci toward the tail (intraductal 
spreading type); and (2) that in which the cancer d:d not 
spread through the main pancreatic duct, but spread 
infiltratively in the neighboring pancreatic parenchyma. 

Of 18 cases of ductal carcinoma of the pancreas, the 
tumors spread continuously from the primary lesion 
toward tke tail along the pancreatic duct wall in five. In 


Table 1.—Operative Procedure and Prognosis of 18 
Cases of Pancreatic Duct Carcinoma 


Prognosis 
(Time Postoperatively) 


8 yr alive, no recurrence 
8 mo dead, recurrence 
8 mo dead, hepatitis 
5 mo dead, ileus 
40,18,12,12,9,6, and 

4 mo dead, recurrence 
5 mo dead, pancreatitis 
3 dead postoperatively 


28 and 1 mo dead, recurrence 
24 mo dead, heart failure 


Operation 


Total pancreatectomy, 
4 cases 


Whipple's procedure, 
11 cases 


Distal resection, 3 cases 
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Fig 1.—Mode of intrapancreatic spread of ductal carcinoma of 
pancreas. Left (five cases), schema of pattern of contimuously 
ducta! invasion Right (11 of 18 cases), no ductal invasicn. 


Fig 2.—Malignant cells found at examination of remnant pancreat- 
ic juice at operaion, (case 1) (May-Grünwald-Giemsa stain, 


original magnification x 700). 
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Fig 3.—Top, Main focus with predominantly papillary growth (case 1) hentai ce cala. 
o iginal magnification x 33). Bottom, Distal pancreatic duct showing continuous extension and 
papillary projection of cancer cels (case 1) (hematoxylin-eosin, original magnification 


» 13.2). 


these five cases, four of papillotubular adenocarcinoma and 
one of ecystadenoearzinoma, the main pancreatic duct distal 
to the main focus was dilated and ductal epithelium was 
replaced by cancer eells with papillary projections into the 
ductal lumina. In two of the four papillotubular ad2nocar- 
cinomas. the replacement of ductal epithelium by cancer 
cells terminated m. dway in the pancreatic duct, end the 
duct epithelium in farther distal portions showed hyperpla- 
sia. In the two cases and the one with cystadenocareinoma, 
invasive eancer had spread to the end of the parcreatic 
duet, repiacing the entire length of the main duet, and 
there was ecnsiderabie papillary growth in the umina. 
Details of these three cases are as follows. 


REPORT OF CASES 


Case L-A 68-year-old man complained of discomfor- in the 
upper part of the abdomen, with no jaundice. Results of 5reoper- 
ative cel. examinatim of the pancreatic juice were abnormal. 
Surgery was performed on Nov 11, 1967. The pancreas was felt as a 
hard mass from the read to some portion of the body. Further 
distal also. the body aad tail were filmed as a whole. Depending on 
the findings by palpation, the line of resection was tertatively 
determired. However, a frozen section taken from the line 
revealed invasive carcer. Therefore, the pancreas was cissected 
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about 3 em further distally, and frozen section of the margin and 
cell examination of the pancreatic juice flowing out the cut end of 
the remnant pancreatic duct were made. In this frozen specimen, 
there were no invasive cancer cells, but cell examination of the 
pancreatic juice revealed a large number of cancer cells (Fig 2). 
Finally, total pancreatectomy was performed. 

The tumor mass measured 10.5 x 5.5 x 3.5 em. Histologically, 
most of the tumor showed papillotubular adenocarcinoma. The 
main pancreatic duct as well as its branches to the peripheries 
showed distensions, and there were papillary projections of tumor 
cells into the lumina (Fig 3). However, there was neither invasive 
cancer beyond the pancreatic capsule nor metastasis in the 26 
regional nodes examined. The patient, eight years postoperatively, 
was doing well, with no sign of recurrence. 

Case 2.—A 68-year-old man complained of pain in the upper part 
of the abdomen. There was no jaundice. Results of preoperative 
cell examination of the pancreatic juice were abnormal. Surgery 
was performed on June 8, 1971. The tumor mass was localized in 
the pancreatic body. On palpation, we found no invasive cancer at 
the distal portion of the lesion. In left lobe of the liver, a 
walnut-sized metastatic nodule was found and was extirpated. 
Then we resected the body and the tail of the pancreas en bloc with 
the spleen. The pancreatic tumor mass measured 7.0 x 6.8 x 3.8 
em. From the resected specimen, cross sections vertical to the long 
axis of the pancreas were made at 5-mm intervals and embedded 
in paraffin. The histologic diagnosis was papillotubular adenocar- 
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growth and only few Langerhans' islets and atrophic acini were 
Scattered in the fibrous tissue (case 3, cystadenocarcinoma) 
(hematoxylin-eosin, original magnification x 33). 


Table 2.—Relationship Between Histological Pattern 
and Ductal Invasion 


Continuous 
Ductal Invasion 
——— 


Histological Pattern With Without 


Papillocubular adenocarcinoma 4 0 


Cystadenocarcinoma 
Tubular adenocarcinoma 
Scirrhus adenocarcinoma 
Adenosquamous carcinoma 
Total 





*Locatec at the tail of the pancreas. 


Fig 4.—Top, Main focus of well-differentiated papillotubular 
adenocarcinoma (case 2) (hematoxylin-eosin, original magnifica- 
tion x 13.2). Center, Cross section of peripheral pancreatic duct 
replaced entirely by cancer cells (case 2). Pancreatic acini are 
entirely replaced by fibrous connective tissues with only small 
number of Langerhans' islets (hematoxylin-eosin, original magni- 
fication x 13.2). Bottom, Higher magnification of Fig 4, center, 
showing piling up of tumor cells (just like papillary growth) 
(hematoxylin-eosin, original magnification x 66). noma) (hematoxylin-eosin, original magnification x 33). 
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cinoma. In the pancreatic parenchyma distal from the primary 
lesion, there»was no invasion of cancer, in contrast with the main 
pancreatic duet, which was replaced by cancer cells to the distal 
end (Fig 4). The patien died two years and six months postoper- 
atively of metastasis to -he liver and right lung and invasionof the 
cancer in the duodenal »apilla. 

Case 3.—A 65-rvear-.]d man complained of fullness :n the 
abdomen with ro jaurcdice. Hypotonic duodenography revealed 
dilation of the duodena C-loop. Results of cell examination of the 
pancreatic juice were 2dnormal. He was operated on on April 9, 
1970. The pancreas, frem the head down to the tail, was swollen 
like a eyst. A frozen section from the distal portion of the cyst 
showed invasive cancer: therefore, total pancreatectomy was 
performed. The tumor was about 14 em in diameter. Histologically, 
a diagnosis of papillar- eystadenocarcinoma in the peripbery of 
the cyst was made; the carcinoma appeared to have been due to 
proliferation in the main pancreatic duct. There were marked 
fibrosis amd atrophy of the acini in the cyst wall. In tae tail 
portion, there was normal acinar structure. However, papillary 
growth to the di ated ductal lumina could be seen uninterruptedly 
down to the end of the tail portion (Fig 5). There was neither 
invasive cameer beyone the pancreatic capsule nor lympa node 
metastasis. The »atient-died of acute hepatitis seven months after 
the operation. 


PANCREATIC PARENCHYMAL INVASION TYPE 


In 18 of 18 ductal carcinomas of the pancreas (Table 2), 
there was n» continuous spread through the main 
pancreatic duet, but cancer invaded in the panereatic 
parenchyma, relatiwely circumscribedly associatec with 
marked fibrosis (Fig 6). 

Two patients underwent total pancreatectomy and nine 
were operated on with Whipple's procedure. One of tae two 
undergoing total paacreatectomy died of recurrence eight 
months after the cperation and another died of bowel 
obstruction. Of the aine patients treated with the Whip- 
ple's operation, sevea died of recurrence in the period from 
four to eight months after the operation, and the lest one 
who died ef another eause had cancer recurrence founded 
on autopsy (remaining one died postoperatively). 


COMMENT 


Pancreaticoducdeaectomy, a procedure commonly used 
as radical surgery, leaving a distal portion of the pancreas, 
is uncommonly uses for the recurrence arising frem the 
remnant pancreas and its neighboring tissues. The causes 
of recurrence from the pancreas may be: (1) multicertricity 
of panereatic cancer; (2) continuous spread of cancer 
through the main pancreatic duct; and (3) remaining 
cancer cells in the subcapsular or peripancreatic rezions. 

A number ef authors suspected recurrence due tc multi- 
centrieity or noncostinuous cancer spread. Collins et al" 
stated that they feund residual cancer in the resected 
stump. Elias reported’ that in his series of 58 eutopsy 
cases of panereatic cancer, six had carcinoma that had 
almost completely invaded the pancreas, but there was no 
lymph node metast.sis. Therefore, he presumed malticen- 
tricity of panereatc cancer and suggested that cancer 
recurrence in the remnant pancreas may be due tc multi- 
centrieity. 

In our series of -8 specimens of pancreatic careinoma, 
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Fig 7.—Completely isolated cancer cell mass replacing ductal 
mucosa 3 cm distal to margin of invasive cancer (hematoxylin- 
eosin, original magnification x 66). 





which included four samples of total pancreatectomy, we 
could not find any noncontinuous cancer foci histologically 
suggestive of multicentricity. Also, in two patients who 
died of recurrence after pancreaticoduodenectomy, we 
could not find any lesions in the remnant pancreas except 
for those in the peripancreatic lymph nodes. Five patients 
who did not undergo autopsy had recurrence with abdomi- 
nal mass, liver metastases, and peritoneal dissemination. 
All of these seven patients showed tubular adenocarcinoma 
with no continuous ductal invasion. This fact coincides with 
our observation that continuous ductal invasion is found 
exclusively in papillotubular adenocarcinoma. 

Monge," Porter,“ Elias," and other authors reported 
recurrence due to residual, continuously invasive cancer at 
the remnant pancreas after pancreaticoduodenectomy. 
Furthermore, Hicks and Brooks stated" that in six of 11 
patients who underwent total pancreatectomy, they found 
invasive cancer extending to the margin of the resection, 
and pointed out that in about half of the patients undergo- 
ing pancreaticoduodenectomy there is a possibility of 
leaving cancer in the remnant pancreas. The facts pointed 
out in these studies indicate that cancer cells found in the 
distal or remnant pancreatic duct, which was considered as 
noninvasive cancer at the time of operation on palpation, 
are probably responsible for the recurrence in the remnant 
pancreas. | 

The pathway of cancer invasion in the apparently intact 
distal pancreas may frequently be by way of intraductal 
continuous growth. 

The cancer that takes the pattern of intraductal contin- 
uous growth in our series frequently showed papillary 
growth, and here the invasion is mostly directed away from 
the main foci toward the tail along the main ductal wall. 
This type of cancer may belong to the “large duct type” in 
the classification of Frantz. 

In regard to the relationship between free cancer cells in 
the pancreatic duct and the recurrence from the remnant 
pancreas, Gaston" found floating cancer cells 13 em distal 
to the main tumor in the pancreas head, and he stated that 
cancer cells floating in the pancreatic juice were capable of 
implantation everywhere. In four of five “intraductal 
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continuously spreading cancer" cases in our series, we 
found cancer cells in the pancreatic duct. However, it is 
noteworthy that in one of the four cases in which total 
panereateetomy was done, we found cancer cells in the 
dilated main duet in the tail portion; we also found a 
completely isolated cell mass in the ductal wall 3 em distal 
to the margin of invasive cancer (Fig 7). These findings 
suggest that there is a possibility of the recurrence in the 
remnant pancreas due to nidation and growth of intraduc- 
tal floating cancer cells. 

Intraductal invasion was mostly found in the main duct 
or in the proximal branches. This would obstruct the main 
duct in the early stage of its development and result in 
retention of the pancreatic juice, degeneration, desquama- 
tion, and hyperplasia of the ductal epithelium in the tail 
region, thus apparently facilitating cancer invasion along 
the ductal wall. 

In any case, it is of particular interest that among 
pancreatic duct carcinomas, there is one type that strongly 
invades the main pancreatic duct wall and another that 
does not. Sommer et al reported that he found ductal 
hyperplasia in 48% of 141 cases of pancreatic cancer, and 
four (8%) were associated with cancer in situ and cancer 
invasion. Similarly, Cubilla and Fitzgerald’ and others 
have indicated the close relationship of cancer in situ and 
hyperplasia in the duct. In our one case, ductal invasion 
stopped midway in the main duct and serial morphological 
changes from cancer invasion, cancer in situ, hyperplasia, 
and finally normal epithelium were found. These findings 
are of interest since they suggest the interrelation 
between ductal invasion, cancer in situ, and epithelial 
hyperplasia. They also give support to the theory that cells 
showing hyperplasia may undergo transition to cancer 
cells.” 

Total pancreatectomy as a radical procedure for 
pancreatic cancer has been extensively carried out by 
Priestly et al Jordan and Grossman" and others in the 
Mayo Clinic. ReMine et al" and Pliam and ReMine* 
reported that among 64 cases of total pancreatectomy with 
presence or absence of pancreatic cancer, the three-year 
survival rate of 41 pancreatic cancers was 25%, and they 
stated that the smaller the better the prospects for this 
procedure. Hicks and Brooks, who compared the result of 
pancreaticoduodenectomy with those of total pancreatecto- 
my, are of the opinion that the management of diabetes 
mellitus following total pancreatectomy is not very simple, 
and that it would be desirable that pancreatic tissue should 
be preserved as much as possible without reducing the 
radicality of surgery planned. With regard to the indica- 
tion of total pancreatectomy, Fortner* is an advocate of 
this procedure. 

Based on the pathohistological and clinical studies 
described herein, we believe that total pancreatectomy is 
indicated when the following conditions are met. First, 
cancer must be operable; that is, neither remote metastasis 
nor invasion of the retroperitoneal great vessels are pres- 
ent, and there are either no lymph node metastasis or it is 
confined to the peripancreatic areas. Second, the tumor 
must be of the intraductal continuously spreading type 
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histologically: ie, (1) duct carcinoma with papillary growth 
and/or (2) numerous cancer cells present in the pancreatic 
duct. 
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Invited Editoral Comment 


The aufhors have contributed an excellent in-depta study of 
their recent experience with carcinoma of the pancreas. It is of 
great interest that all patients who received the Whipple opera- 
tion died of recurrence, and there were no long-term survivors. 
However, :here was a 25% long-term survival (beyond eight years) 
among these who received total pancreatectomy. While the series 
is small, it is indicative of a possible trend in improvement of the 
management of pancreatic neoplasms. 

In our experience, the postoperative diabetic management of 
totally pancreatectomized patients (more than 120) has not proved 
to be difficult and is, in fact, no different than the average 
nonsurgical diabetic. This idea should be dispelled. 

Multicertric lesions have been found in 24% of our cancer 
patients. Positive cytologic findings in the intraductal pancreatic 
juice is a definite hazard from spillage, and the authors fouad this 
present in “four of five” patients. Their findings of “en isolated 
cell mass” n the pancreatic duct distal to the primary lesior would 
indicate multicentrieity in one of four eligible patients (25%). 
When viewed realistically, the authors have presented a strong 
argument for total pancreatectomy. 


WILLIAM H. REMiINz, MD 
Rochester, Minn 
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The Gastroesophageal Scintiscan 


Comparison of Methods to Demonstrate Gastroesophageal Reflux 


George C. Hoffman, MD, FRCS, John H. Vansant, MD, MS 


* The gastrcesophageal (GE) scintiscan method of detecting 


GE reflux was evaluated in a series of 54 patients. Twenty-nine : 


patients had evidence of GE reflux by fluoroscopically menitored 
barium swallow, esoohagogastroscopy, or esophageal biopsy. 
The pH reflux study showed pathological refiux in four patients. 
The GE scintiscan demonstrated reflux in only four of these 29 
patients. Although tne GE scintiscan is a safe, noninvasive 
technique. in our experience, GE reflux was demonstrated only 
in those patients in whom reflux was easily verified by barium 
swallow, esophagoseopy, or esophageal mucosal biopsy. This 
study indicates that the GE scintiscan, like the pH reflux study, is 
too insensitive to be of consistent value in the diagnosis of GE 
reflux. 
(Arch Surg 114:727-728, 1979) 


D 1975, Fisher et al' described the gastroesophageal (GE) 

scintiscan technique of detecting GE reflux. The major 
advantage was demonstration of GE reflux by z direct, 
simple, neninvasive examination. We review our experi- 
ences using this method. 


METHODS 


A total of €9 GE scintiscans were performed in a series of 54 
patients. The series ineludes 32 patients with gastromtestinal 
(GI) symptoms suggestive of reflux esophagitis and 22 patients 
evaluated fer long-term follow-up subsequent to an entireflux 
operation. Fifteen patients had repeated GE scintiscen in the 
immediate postoperative period after surgical correctien of GE 
reflux. Results of the GE scintiscan are compared with flioroscop- 
ically controlled bariem swallow, esophagogastroscopy, esophageal 
mucosal biopsy, pH reflux studies, and esophageal mancmetrics. 


Accepted fer publication Feb 5, 1979. 
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Barium, Esophagogram With Fluoroscopic Control 


Fluoroscopically controlled barium swallow was done in all eases. 
Maneuvers were included to demonstrate evidence of GE reflux as 
well as the presence of a hiatal hernia. 


Esophagogastroscopy 


The esophagus and esophagogastric junction were visualized in 
all patients with the use of the fiberoptic endoscope. Evidence of 
esophagitis was judged by the presence of erythema, linear 
erosions, mucosal friability with evidence of bleeding, ulceration, 
or stricture formation.’ 


Esophageal Mucosal Biopsy 


Biopsy of the distal esophageal mucosa was routinely included. 
Microscopic evidence of GE reflux revealed elongated lamina 
propria papillae with hyperplasia of the basal cell of the squarnous 
mucosa, the presence of inflammatory cells, or frank mucosal 
ulceration as described by Behar and Sheahan’ and Ismail-Beigi et 
al.’ 


Esophageal Manometry 


Pressures in the lower esophageal sphincter region were cali- 
brated using the standard triple lumen manometric assembly. A 
lower esophageal sphincter pressure of 15 mm Hg was considered 
the lower limit of normal. A pressure of less than 5 mm Hg was 
indicative of an incompetent lower esophageal sphincter.° 


pH Reflux Study 


The pH reflux study was performed simultaneously with the 
esophageal manometric examination. Pathological reflux was 
diagnosed when a sustained pH of below 4 was present with the 
electrode located 4 cm above the lower esophageal sphincter, as 
described by Fisher et al.’ 


GE Scintiscan 


After oral ingestion of 300 „Ci of technetium Te 99m sulfur 
colloid dissolved in 360 mL of fruit juice, an abdominal binder was 
applied and the patient was placed in the supine position. Scans 
were obtained as the abdominal pressure was increased in incre- 
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ments of 10 mm Hg to a maximum of 120 mm. The final sean 
concluded with the patient in the prone position with no external 
abdominal pressure. Presence of the isotope above the diaphragm 
was positive evidence of GE reflux. Every attempt was made to 
duplicate the technique described by Fisher et al.’ 


RESULTS 


Five of the 32 patients with upper abdominal symptoms 
suggestive of GE reflux and 20 of the 22 long-term 
postoperative follow-up patients showed no evidence of a 
hiatal hernia, no reflux by barium swallow, no evidence of 
reflux esophagitis by endoscopy or esophageal biopsy, 
normal lower esophageal sphincter pressures, and negative 
pH reflux studies. The GE scintisean was normal for 
evidence of reflux in all 25 of these patients. | 

None of the 15 patients evaluated in the immediate 
postoperative period showed evidence of a persistent hiatal 
hernia, fluoroscopic evidence of reflux, or a positive pH 
reflux study. Likewise, the GE scintiscan was normal in all 
15 patients. 

X-ray film evidence of a hiatal hernia was present in 29 
patients, including 27 of the 32 patients with symptoms 
consistent with GE reflux and two of the 22 patients 
previously operated on for GE reflux. All 29 patients had 
evidence of reflux by at least two methods, including 
fluoroscopic examination, endoscopic findings, or micro- 
scopic appearance. Fluoroscopie evidence of GE reflux was 
demonstrated in 18 patients, endoscopic evidence of 
esophagitis was present in 20, and microscopic proof of 
reflux was seen in 12 patients. Nine had a lower esophageal 
sphincter pressure of less than 5 mm Hg. 

In contrast, only four of the 29 patients had pathological 
reflux by the pH reflux study and demonstration of GE 
reflux by the GE scintiscan. 


COMMENT 


Diagnosis of GE reflux continues to present problems in 
recognition and demonstration. Fisher et al' reported a 
90% accuracy rate in detecting GE reflux by the GE 





scintiscan in patients with a positive pH reflux study. 
Theoretically, the GE scintiscan provides a nenirvasive, 
direct method of safely and simply demonstrating reflux 
of gastric secretions into the lower esophagus. Fisher et al’ 
based the accuracy of the GE scintiscan on the consistency 
and sensitivity of the pH reflux study. Hill’ and Skinner 
and DeMeester' emphasized the value of the pH reflux 
study in demonstrating GE reflux, although Skinner and 
DeMeester' recognized its inconsistency in demonstrating 
an incompetent sphincter. DeMeester and Johnson: 
described the inconsistencies of the isolated 9H reflux 
study and devised the 24-hour technique of monitoring pH 
reflux because of the discrepancies associated with the 
limited pH reflux study. Payne and Olsen? found that 
cinefluorographie observation is much more oreeise in 
recognizing reflux than the pH reflux test. Ir previous 
studies, one of the authors” found the pH reflux study to 
be far less consistent in demonstrating CE reflux 
compared with the combination of esophagogram, er dosco- 
py, and esophageal mucosal biopsy. This study further 
verifies this observation, in which a positive pH study was 
present in only four of 29 patients in whom reflux was 
demonstrated more easily by other techniques. 

In our series of 54 patients, the GE scintiscan and the pH 
reflux study were equally accurate in detecting GE reflux, 
which is consistent with the observations of Fisher et al.’ 
However, our series verifies the evidence presented by 
DeMeester and Johnson* and Payne and Olsen? that the 
isolated pH reflux study lacks sensitivity in consistently 
demonstrating the presence of GE reflux. 

Our study indicates that demonstration of GE refux by 
both the pH reflux study and the GE scintiscan are too 
insensitive and inconsistent to replace the conventional 
examinations of barium swallow, esophagoscopy, and 
esophageal biopsy. For these reasons, the GE scintisean has 
been deleted from our standard evaluation of patients with 
symptoms of GE reflux. 
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Immunelogy, I7radiation, and Lymphocytic Infiltration 


James H. Shull, X D; * ehama Sharon, PhD; Thomas A. Victor, MD, PhD; Edward F. Scanlon, MD 


è Patients undergoing thyroidectomies at Evanston (ill) Hospi- 
tal, during a six-month period had immunological studies 
performed preooerafively. No differential could be found 
between those with carcinoma or benign pathologic findings. 
T- and B-cell diswibufion and lymphocytic response to mitogens 
varied widely. Quanfitative immunoglobulins showed slightly 
increased levels of IgG in patients with carcinoma and thyroiditis 
in comparison w'th those patients with adenomas. Antithyroglob- 
ulin antibodies were negative in all patients. Pathology slides 
from 107 patients with thyroid carcinoma between 1972 and 1978 
at Evanston Hcsaital were reviewed for the presence of thyroid- 
itis, either focal or diffuse. It was found that 50% of all carcino- 
mas had either diffuse or focal thyroiditis. Diffuse thyroiditis was 
more common in pétients with no history of irradiation and 
papillary carcincma, and in younger age groups. 

(Arch Surg 113:72€-731, 197€) 


T most cases, thyroid careinoma, particularly papillary 
and mixec pa»illary-folieular carcinoma, is a slow- 
growing tumo- that is well tolerated by the host.' Accord- 
ing to previcusly reported data, there is a diffuse or focal 
lymphocytic tiyrosditis in up to 50% of thyroids with 
carcinoma.’ Tie implieatior that these lymphocrtes are 
involved in an immane reaction against the tamor is 
supported by dirbayashi and Lindsay.’ Likewise, a better 
prognosis ir thyroid carcimoma with lymphocy-ic infil- 
trates has been implicated in past reports. Information 
regarding thy-oiditis in correlation to previous irradiation, 
type of tumer, and T- and B-cell distributior is not 
available. Tkis project describes some  infcrmation 
collected on this subject. 


METHODS 


Patients urd»rgoiag thyroidectomies in the period o: January 
1977 to July 1977 were evaluated for peripheral T- and B-cell 
content. Fiecll Hypaque grad ent was used for collection of 
lymphocytes. T cells were measured by the number cf washed 
sheep RBC resettes or E rosettes and B cells by the rumber of 
antibody and mouse complement coated sheep RBC rosettes or 
EAC rosettes.’ Lymphecytes were released from thyroid tissue 
with lymphocyfic inaltrates by squeezing the gland over fine steel 
mesh, and the cell suspension was centrifuged on a Ficol-H ypaque 
gradient. The 3 and EAC rosettes were quantitated using the 
previously mertioned method. 

The ability cf bleod lymphocytes to respond to mitegens was 
determined by adding phytohemagglutinin and concanevalin A to 
cell suspensions; afer incubation for five days, tritiated thymi- 
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dine was added and the incubation was terminated 16 to 18 hours 
later. Cells were processed for counting by a standard method.* 

Each patient's serum was assayed with immunoelectrophoresis 
and quantitation of the IgS was performed by radial immunodif- 
fusion.’ A sensitive tanned RBC hemagglutination test was used 
to detect titers of antithyroglobulin antibody in the patient’s 
serum, and microsomal antibodies were determined by indirect 
immunofluorescence.? 

Pathological slides from patients with thyroid carcinoma oper- 
ated on since 1972 were reviewed by a third-year surgical resident 
and a surgical pathologist. These slides were reviewed before 
reviewing the charts. Each patient was classified as to the type of 
tumor, the extent of spread, and the amount of lymphocytic 
infiltrates. Focal thyroiditis was classified as lymphocytic infiltra- 
tion in a spotty fashion of at least 50% of the slides containing 
tumor. Diffuse thyroiditis was classified as contuent lymphocytic 
infiltration of at least 50% of the entire gland. Serving as controls 
in the nonirradiated population were 62 patients with benign 
thyroid pathologic findings operated on in 1975 and 1976. 


RESULTS 


Immunological studies done on patients undergoing 
thyroidectomy during the past six months involved seven 
patients with papillary carcinoma, eight with adenoma, 
and five with diffuse thyroiditis. Seventy-five percent of 
these patients have a history of irradiation. Tables 1 to 3 
show that the percentage of T and B cells in all three 
subgroups was in or very close to the low normal limits of 
control in this laboratory (normal, T, 45% to 75%; B, 10% to 
25%). Immunoglobulin G was slightly higher in the carcino- 
ma and thyroiditis groups but remained within normal 
limits. Immunoelectrophoresis was unremarkable in all of 
the patients and none of the patients had elevated titers of 
antithyroglobulin antibodies. Two patients with diffuse 
thyroiditis had elevated titers of antimierosomal antibod- 
ies. Responses of cells to phytohemagglutinin and conca- 
navalin A activation varied widely over the three 
subgroups but remained within the normal limits. Lympho- 
cytes from thyroid glands collected from four patients, 
three with diffuse thyroiditis and one with carcinoma, 
were purified as previously mentioned and examined for E 
and EAC rosette-forming cells. In all four patients, there 
was an approximately equal percentage of T and B cells, 
with three patients having 30% to 40% T cells and 30% to 
40% B cells. The other patient had 12% T cells and 10% B 
cells. 

Table 4 gives the results of the retrospective review of 
the 107 patients with thyroid carcinomas undergoing 
surgery since 1972 in terms of the relationship between 
thyroiditis, irradiation, and the type of tumor. There were 
55 cases with carcinoma after irradiation (Table 4), there 
were 52 patients with no previous known irradiation. From 
Table 4, it is evident that a larger proportion of patients 
with no previous irradiation have diffuse thyroiditis, 
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Case/Age, yr/Sex T = % 
1/48/F 
2/50/F 
3/62/F 
4/32/M 
5/30/F 
6/28/F 


7/25/M 


History 2 Irradiation 





Case/Age, yr/Sex History of Irradiation T Cell, % 
1/33/F a = 
2/30/F 
3/46/F 
4/66/F 





Table 2.—Immunological Studies in Patients With Adenoma 


Case/Age, yr/Sex History A Irradiation T p 96 B c 96 IgG IgM Thyroiditis 
[o a o wo m um —— m NINE 
4/51/F m 1 a ios None 
5/40/F 1,320 110 None 
6/38/F T; a = None 
7/56/F 7 None 
8/62/F 1 a None 


Table 3.—Immunological Studies in Patients With Thyroiditis 


5/42/F 1,350 Diffuse 


B EE 96 IgM Thy-oiditis 
E lU 
E 
n or 
s Diffuse 
Di fuse 
Diffuse 
None 





















B Cell, % IgA igG IgM Thyroiditis 
T 900 1,050 127 Diffuse 
= 1,640 ‘= Diff ise 
i 1,360 Diffuse 
1,600 Diffuse 


Table 4.—Relationship Between Type of Tumor, Irradiation, and Thyroiditis in 107 Patients With Thyroid Carcinoma 1972-1978 


History of Irradiation (%) 


———————————————————————————— 


Type of Tumor No Focal 
(Total No. of Patients) Thyroiditis Thyroiditis 


Papillary (31) 

Follicular (7) 

Mixed (38) 

All types with nodal metas- 
tases (8)* 


Adenomas (57)t 


*These ten patients came from aforementioned 107 patients. 
TNonirradiated patients with adenomas from 1975 to 1976. 


partieularly in the patients with papillary careinoma. The 
average age of patients with papillary carcinoma was 30 
years, which was ten years younger than the patients with 
follieular or mixed papillary-follicular carcinomas. In Table 
4, the 57 patients with adenomas with no history of 
irradiation who were operated on in 1975 and 1976 have an 
incidence of diffuse thyroiditis of 10%. A survey in this 
hospital? describes that 19% of patients with benign 
thyroid disease and a history of irradiation have diffuse 
thyroiditis. 


COMMENT 


The immunological studies, though on small numbers, 
failed to differentiate between benign and malignant 
pathologie conditions. A recent study on a series of 
patients with thyroid cancer investigated. cell-mediated 
immunity to tumor antigens as well as general humoral 
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Thyroiditis 





No Irradiation (96) 
on, 
Diffuse No Focal Diffuse 
Thyroiditis Thyroiditis Thyroicitis 


14 (54) 
0 (0) 
8 (35) 


0 (0) 
6 (17) 


immunity.” They describe an increase in IgG levels in more 
than half of the patients with occasionally elevated serum 
complement components. In vitro lymphocyte response to 
phytohemagglutinin and delayed skin hypersensitivity to 
bacterial and viral antigens were not impaired at the 
initial stage of disease but were impaired in terminal 
illness. The small tumor burden in our seven patients with 
carcinoma may account for the failure to detect an immune 
response, although these patients were not skin tested. 
In this study, diffuse lymphocytic infiltrates surreund- 
ing areas of carcinoma or present in diffuse thyroiditis had 
equal percentages of T and B cells making up the ma;ority 
of lymphocytes. It is reasonable to speculate that both 
cellular and humoral immunity are involved. Studies have 
shown that cellular infiltrates at the tumor site contain 
substantial amounts of immunoglobulins of all classes.* 
Also immunoglobulins with specific reactivity can be 
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recovered from neoplastic tissues and effusions.” — 

A difference was seen between the pro of dit 
thyroiditis in nonirradiated patients with carcinoma and in 
those nonirraciated patients with adenomas. Also noted is 
the large difference between nonirradiated patients with 
carcinoma, particulerly papillary, and irradiated patients 
with eareinema. Soeculation as to why nonirradiated 
patients with carcinoma have a higher incidence of diffuse 
thyroiditis than irradiated patients is related to the anti- 
genicity of tumors and the cellular differentiation of 
tumors. In certain animals, radiation-induced tumors are 
less antigenic and elicit less of an immune reaction than 
viral or chemically induced tumors." Also, papillary carci- 
nomas în young patients are usually well differertiated. 
Ioachim et a1? have examined the cellular infiltrates at the 
tumor site in 50 human lung carcinomas. Within the 
various histologiezl] categories, the well-differentiated 
carcinomas seem tc be infiltrated with reactive celis more 
than the poorly differentiated carcinomas. 

It should be pointed out that most patients receiving 
radiatien earlier in childhood had incomplete recorcs and it 
is diffieult to develop a reliable dose response curve. 
Previous reports or this subject show that most patients in 
this study received radiation of between 200 ard 1,000 
rads. Swelstad e- al in an earlier study of irradiated 
thyroics at this hospital found an average interval between 
radiation and surgery to be 26 years. A recent symposium 
on postirrad:ation neeplasia further elucidates the factors 
involved in radiation-induced thyroid carcinoma.'* 

Is diffuse thyroiditis a part of an autoimmune disease 
and is the earcinema a secondary occurrence, or is the 
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ffuse thyroiditis an immune reaction to tumor, or are 
they independent events? Hirbayashi and Lindsay’ 
reported an increased survival in patients with carcinoma 
associated with Hashimoto's thyroiditis, which implies that 
diffuse thyroiditis may be involved in an immune reaction 
against tumor rather than an autoimmune reaction with 
secondary carcinoma. Also, in other cancers, such as medul- 
lary cancer of the breast" and Hodgkin's disease," a 
positive correlation has been noted between a diffuse 
lymphocytic infiltrate and favorable prognosis. A unifying 
concept is that lymphocytic infiltration represents a cellu- 
lar immune reaction, in tumors and in autoimmune disease, 
that responds to different antigens. 

There seems to be a correlation between diffuse lympho- 
cytie infiltration in thyroid carcinoma and no previous 
history of irradiation. This study indieates that host 
response may be related to antigenic expression and 
pathogenesis. 

A previous study" has shown a higher level of antithy- 
roid antibodies and carcinoembryonic antigens in patients 
with thyroid carcinoma and no previous history of irradia- 
tion. The group of patients undergoing immunological 
studies was not large enough to conclude whether T- and 
B-cell quantitation and antibody formation are sensitive 
enough tests to detect early thyroid carcinoma or to 
demonstrate a difference between nonirradiated and irra- 
diated patients with thyroid carcinoma. 


This research was supported in part by the Margaret H. McGrath 
Memorial Fund. 
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Editorial Comment 


This reviewer dees not claim expertise in thyroid surgery, but 
has reviewed with interest this article from one of the greas of the 
United States where radiotherapy for benign head and neck 
conditions once wes widely practiced. It would seem that once 
again the ubiquitcus lymphocyte may be trying to alert us to 
some-hing that is rot ret clear. Seemingly, its presence or absence 
exerts seme sort cf immunological action in cases of malignant 
neoplasms of the eolon, stomach, breast, postmastectcmy-postra- 
diatien lymphangwsarcoma, and most likely in other areas and 
situacions. The role of lymphocytic accumulations in the thyroid is 
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doubly unclear. One must differentiate a variety of types of 
“thyroiditis,” including those associated with iodine deprivation, 
hyperthyroidism, Hashimoto’s (with its colloid staining and base- 
ment membrane alterations) and one must recognize that figures 
from other reports cannot be used to verify the present findings. 
Uniformity of criteria and more case studies may aid our under- 
standing. 

JOHN S. WELCH, MD 

Rochester, Minn 
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Clinical Notes 


Jejunoaortie Fistula From 
Ingested Seamstress Needle 


Ernestine Hambrick, MD, FACS; Turlapati R. Rao, MD, MS; Leonardo T. Lim, MD, FACS 


* A 27-year-old man was evaluated for sudden onset of 
massive hematemesis and hematochezia. A bleeding site was 
not seen on esophagogastroduodenoscopy. There was little 
blood in the stomach, which suggested that the bleeding site was 
below the ligament of Treitz. Angiography demonstrated the 
presence of an intra-aortic metallic foreign body that resembled 
a sewing needle. At operation, a chronic jejunoaortic fistula that 
contained. the sewing needle was found and repaired. The 
patient had no recollection of having swallowed the needle, and 
itis presumed that he ingested it in infancy. He had an uneventful 
recovery. 

(Arch Surg 114:732-733, 1979) 


ost abnormal communications between the gastroin- 

testinal (GI) tract and the vascular system occur 

after surgical procedures. This is a unique case of an adult 

with a jejunoaortic fistula caused by a sewing needle 
apparently ingested during infancy. 


REPORT OF A CASE 


A 27-year-old man was admitted to Cook County Hospital, 
Chicago, because of several episodes of painless hematemesis 
during the previous week. Hematochezia had also occurred three 
times in the 24 hours before admission. There was no history of 
peptic ulcer disease or substantial aleohol or drug ingestion. Blood 
pressure was 110/70 mm of Hg, pulse rate was 120 beats per 
minute and thready, and respirations were 24/min. Pallor, mini- 
mal periumbilical tenderness, and fresh blood on rectal examina- 
tion were the only abnormal physical findings. Hemoglobin level 
was 6.2 g/dL and hematocrit level was 18%. 

Resuscitation was begun with lactated Ringer's solution, to 
which frozen RBCs were added when available. The return from a 
nasogastric tube introduced into the stomach at the time of 
admission was initially clear and subsequently bile stained. 
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However, the patient began vomiting blood around the tube 
shortly before endoscopy. Esophagogastroduodenoscopy to the 
third portion of the duodenum failed to demonstrate the site of 
bleeding and only minimal amounts of fresh blood were present in 
the stomach and duodenum. During the endoscopy, the patient 
passed large quantities of bright-red blood per rectum. 

After stabilization of the patient's cardiovascular system with 
4,000 mL of crystalloids and 2,000 mL of RBCs, abdominal 
angiography was performed. A cobra-tipped angiocath was intro- 
duced into the aorta via the right femoral artery. The initial 
injection vas made into the superior mesenteric artery, the main 
trunk of which was displaced slightly towards the right. A metallic 
object, 7 em in length and resembling a sewing needle, was seen 
over the projection of the second and third lumbar vertebrae (Fig 
1). No extravasation of dye was noted. Attempts at catheterizing 
the celiac axis were unsuccessful, and the catheter was withdrawn 
to a point below the level of the sewing needle. Inferior mesenteric 
artery catheterization was also unsuccessful. This catheter was 
then removed and replaced with a straight catheter, the intent 
being to obtain a flush aortogram. As the straight catheter was 
advanced te the level of the sewing needle, the patient complained 
of back pain. On fluoroscopy, the needle could be seen to move up 
and down each time the catheter was moved in and out. The 
patient was immediately taken to the operating room, with a 
diagnosis of enteroaortic fistula having been made. 

Abdominal exploratory surgery through a midline incision was 
exceptional only in so far as the small bowel and colon were filled 
with blood. No retroperitoneal hematoma was present. Attention 
was then directed to the left upper quadrant, where the end of the 
sewing needle was identified beneath the anterior wall of the 
jejunum, 5 cm distal to the ligament of Treitz. Proximal and distal 
control of the aorta was achieved, after which the fistula was 
divided by dissecting the jejunum off the aorta in a lateral to 
medial direction. The shaft of the needle was held in a clamp to 
prevent dislodgement and intra-aortic embolization. The needle 
was removed as the fistula was transected, and the defect in the 
anterior wall of the aorta was debrided and closed with inter- 
rupted sutures of No. 3-0 braided dacron (Fig 2). The jejunal wall 
defect was closed in two layers, and retroperitoneal areolar tissue 
was interposed between the two suture lines. The patient had an 
uneventful recovery and has remained well for 18 months. He 
denied any knowledge of ingesting the sewing needle. The rusty 
surface of the specimen (Fig 3) is compatible with a long history of 
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its presence in the body and supports the supposition that the 
patient must have swallowed the needle as an infant. 


COMMENT 


Aortoenteric fistulae after aortic reconstructive surgery 
are well-recognized complications when prosthetic grafts 
are used ^^ Much less commen are spontaneous fis-ulae. To 
our knowledge, the-first reported case was that of Sir 
Astley Cooper*^ ia 1837, in which he described zn aorto- 
duodenal fistula owing to an aneurysm. Enteroaortic fistu- 
lae may also complicate tne course of duodenal ulcer,’ 
tubereulosis, perforated duodenal diverticulitis,* end carci- 
noma of the panereas." To our knowledge, fore gn body 
perforation of the GI tract and an adjacent vessel that 
resulted in a fistula has been reported only once before. 
Grosfeld and Eng" cited a case of a child who had a fistula 
develop between the duodenum and the right iliac artery 
after swallowing a broom whisk. 

Gastrointestine] hemorrhage is the usual man'festation 
of an enteroaorti fistula. Characteristically, the bleeding 
is brisk but intermittent, with the initial episoce seldom 
being fatal. The intermittence is thought to result from 
thrombus formation in the fistula or from contraction of 
the intestinal wal caused by irritation from the mtralumi- 
nal blood. Endoscopy is essential to rule out other more 
common causes cf upper CI bleeding. The definitive diag- 
nostic procedure is frequeatly angiography. 

This case is remarkable in several ways. That an infant 
eculd swallow a 7-em sewing needle at all, and then to 
suffer no apparent ill effects for more than 26 years, is 
truly astounding. However, the patient was as amazed as 
his physicians when confronted with the specimen, and 
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Fig 1.—Slight displacement of main trunk 
of superior mesenteric artery to the right. 
Metallic foreign body resembling sewing 
needle is seen in midabdomen (left). 


Fig 2.—Jejunal wall defect, aortic wall 
repair, and original position of sewing 
needle (center). 


Fig 3.—Seamstress needle removed from 
jejunoaortic fistula (right). 





there is no reason to doubt his veracity. The finding of 
minimal gastrie or duodenal blood at endoscopy, despite 
massive hematemesis immediately beforehand, pointed to 
a source of bleeding below the ligament of Treitz. The key 
diagnostie procedure for this patient was the angiography, 


. which established the presence of the sewing needle and 


confirmed its intra-aortic location. In the absence of any 
retroperitoneal hematoma, identification of the fistula at 
surgery would have been most difficult without foreknowl- 
edge of its location. The actual management of the jejunal 
and aortic defects was straightforward and gave no special 
technical difficulties. 
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Spontaneous Rupture of the Liver 


A Complication of Oral Anticoagulant Therapy 


Hadi Dizadji, MD; Richard Hammer; Bernadette Strzyz, MD; John Weisenberger, MD 


è Therapeutic doses of oral anticoagulants have been asso- 
ciated with spontaneous hemorrhage and rupture of apparently 
normal abdominal viscera. To our knowledge, this is the second 
reported case of such rupture involving the liver. The patient had 
sudden severe epigastric pain and signs of acute abdomen and 
shock. Discrete microscopic changes in the liver may precede 
massive hemorrhage. 

(Arch Surg 114:734-735, 1979) 


THnemaes as a complieation of oral anticoagulant 
therapy may oceur in unusual locations, resulting in a 
complex and life-threatening clinieal problem. The follow- 
ing case illustrates rupture of the liver due to hemorrhage 
in a patient receiving therapeutic doses of warfarin sodi- 
um. 


REPORT OF A CASE 


A 73-year-old woman was brought to the emergency room 
complaining of faintness and severe epigastric pain that occurred 
eight hours previously. The peak intensity of the pain was of short 
duration, but a dull, aching sensation persisted, along with nausea 
and dizziness. 

The patient was under care for extracranial atherosclerotic 
occlusive vascular disease, for which she was receiving 7.5 mg of 
warfarin sodium daily. A routine multiphasie chemical profile, 
complete blood cell count, chest roentgenogram, and ECG done 
four months prior to admission were all normal. A prothrombin 
time measured a few hours before symptoms began was 
21.3/11.5 s. 

Physical examination revealed an afebrile patient in acute 
cireulatory failure with a blood pressure of 90/60 mm Hg, weak, 
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Fig 1.—Microscopic section at margin of hematoma. Adjacent 
hepatocytes show minimal fatty changes and intrahepat c chole- 
stasis (hematoxylin-eosin, x 100). 





Fig 2.—Gross autopsy sagittal section through left lobe of liver 
with large confluent areas of hematoma. 
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thready pulse ef90 beats per miaute, and pallor of skin. There was 


epigastmic tenderness, and the l-ver and spleen were not palpable. - 


Bowel sounds were aetive and there was no shifting dullness. 
Findings from rectalexamination and a test for occult bod were 
both normal. The hematocrit level was 29%, hemoglobin level, 9.4 
mg/dL; WBC coun, 9,800/cu mm, with a shift to the left; 
reticuloeyte count, 13%, platelet count, 55,000/cu mm; prothrom- 
bin time, 25/12 s; pastial thromboplastin time, 57.7 s; SGPT value, 
248 unis; and serum amylase level, 35 Somogyi units. Urinalysis 
revealed microseopic hematurie. Abdominal free air x-ray series 
showed adynzmic ileus, but no evidence of intramural ntestinal 
hemorrhage cr inteszinal rupture. 

Warfarin sedium herapy was discontinued and vitamin K and 
factor IX, X, and VI concentrate were administered. Nzsogastric 
and rectal tubes weæ placed, Fut gave no blood in their effluent. 
Platelezs, fresh frozen plasma (FFP), and packed RBCs were given 
and the patient's cardiocirculatory state gradually stabilized. A 
24-hour urine amylese level was normal. A diagnosis of acute 
abdomen was made -nd the underlying etiologies considered were 
intra-a;dominal hemorrhage or retroperitoneal hematoma. After 
48 hours of re atve caiescence, the patient's abdominal tenderness 
became generalized and associated with guarding and cistention. 
Paracentesis was performed, but no blood could be witadrawn. 

Because of the pa3ert's clinical deterioration and falling hema- 
tocrit level, despite *ontinuous transfusion, exploratory laparoto- 
my wes performec Surgery revealed a massive in-rahepatic 
hematema invelving much of the right lobe and rupturing Glis- 
son's capsule, leaving a 2.5-cm laceration on the midanterior 
surface. The peritoneum contained 2,000 mL of blood. A right 
hepatie lobeetemy was performed. The surgical specimen had 
multipie subcapsula. and parerchymal hemorrhagic areas. Careful 
histologie studies showed only mild diffuse fatty metamorphosis 
and mild intrahepade cholestasis (Fig 1). 

The patient's pestoperative course was generally downhill. 
Nasogastric amd abdominal tubes continued to drain blood, and 
large amoun:s of platelets, FFP, and packed RBCs were adminis- 
tered. Although prothrombin times were well maintained, the 
platelet count neve- rose above 78,000/cu mm. A pos tive fibrin 
split products assay-indicated possible intravascular coagulopathy. 
The patient's urinesoutput fel sharply and BUN level rose to 155 
mg/dL, with a crea-inine level of 6.5 mg/dL. These findings, along 
with z bilirubin level of 51.2 mg/dL (direct, 28.4) and ammonia 


level c? 225 mg/dl,led to a diagnosis of hepatorenal failure. The — 


patient died on the 15th posteperative day. 

Pertinent autopsz findings were a left lobe of the liver weighing 
900 g with fatty metamorphosis and parenchymal hemorrhage. 
Chremic-passive corzestion, extensive bile stasis, and mild peripor- 
tal fibrosis were seen on microscopic section (Fig 2). 


COMMENT 


The finding c? a ruptured liver on laparotomy was 
unusual and surprising. The most common site cf anticoa- 
gulart-relzted bEeding resulting in acute abdomen is the 
wall of the small .ntestine.' However, the lack of roentgen- 
ographic findings such as the thick bowel sign or crescents? 
mitigated against this. Retroperitoneal bleedinz is a less 
common complication’ and can present as an aeute abdo- 
men also“ In metrospect the sudden onset and rapid 
diminution of epigastric pain probably coincided with the 
stretching and subsequent rupture of the liver’s zapsule, as 
noted for neoplasms.’ | 
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Rare spontaneous rupture of apparently normal abdom- 
inal organs in patients receiving therapeutic doses of oral 
anticoagulants is well recognized. Case reports describing 
the presenting features of rupture of the ovary,’ spleen,’ 
and adrenal glands* can be found in the literature. Tearing 
of Glisson’s capsule by an expanding hematoma is a well 
known complication of primary carcinomas and hemangio- 
mas,’ but spontaneous rupture of a nonpathologic liver is 
extremely rare and to our knowledge the only previously 
reported case is that of Roberts and Johnston.’ To the best 
of our knowledge, ours is the second reported case. 

The toxic effects of the coumarin-derivative anticoagu- 
lants on the liver have been extensively studied and they 
have been shown to cause only mild hydropie changes and 
small vessel dilation in dogs given massive fatal doses.'*"' 
In humans who died from generalized hemorrhage, the 


liver showed changes ranging from dilation of the sinus- 


oids and structural disorganization" to frank parenchymal 
hemorrhage'*'* and subcapsular ecchymoses.'? 


CONCLUSION 


. Warfarin sodium can cause severe bleeding, even when 
administered in therapeutic range. Bleeding may be mani- 
fested in unusual sites such as the liver, and rupture of this 
organ's eapsule presents as an acute abdomen with hemor- 
rhagie shock. Massive liver damage from spontaneous 
hematoma may give a clinical picture of disseminated 
intravascular coagulopathy and hepatorenal failure. 
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Porcelain Appendix 


Julian T. Buxton, Jr, MD 


e Mucocele of the appendix is rare and occasionally is accom- 
panied by calcification. In a recent case, an eggshell-thin 
calcified mucocele fractured to produce an acute abdomen. This 
situation was not found in a review of the literature. A brief 
summary of the properties of mucocele is presented. 

(Arch Surg 114:736-737, 1979) 


yt Bie of the appendix occurs once in each 300 

appendectomies. Most texts mention calcification as 
an occasional property of appendiceal mucocele.' There is a 
sparse scattering of reports of such cases. In a patient 
recently treated, a mucocele fractured its calcified wall and 
leaked to produce an acute abdomen. This precise situation 
was not found in a review of the literature. 


REPORT OF A CASE 


A 60-year-old woman began having dull pain in the lower part of 
her abdomen the evening prior to admission. She took a laxative 
without relief, but managed to fall asleep. She awakened in the 


nausea. 

Twenty-four years previously, she had undergone radium and 
X-radiation therapy for carcinoma of the cervix and X-radiation to 
the ovaries. On examination, her temperature was 40.9 °C, blood 
pressure was 110/76 mm Hg, and pulse rate was 100 beats per 
minute. She appeared ill. Her chest was clear. The abdomen was 
extremely tender with guarding and rebound in the right lower 
quadrant. There was less guarding and tenderness on the left. 
Bowel sounds were hypoactive. Pelvic and rectal examinations 
revealed tenderness on the right side. 

Laboratory studies disclosed a WBC count of 15,900/cu mm, 
hemoglobin level of 13.6 g/dL. An abdominal roentgenogram 








Accepted for publication Nov 8, 1978. 

From the Department of Surgery, Medical University of South Carolina 
and Roper Hospital, Charleston. ) 

Reprint requests to 315 Calhoun St, Charleston, SC 29401 (Dr Buxton). 


736 Arch Surg—Vol 114, June 1979 





early morning hours with severe right lower quadrant pain and 
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A Caleified Mucocele Fractures to Produce an Acute Abdomen 


showed gallstones and a cystic calcification in the right side of the 
pelvis thought to be ovarian (Fig 1). 

She was taken to the operating room, where laparotomy 
disclosed an omentum-wrapped mass in the right side of the pelvis. 
The omentum was stripped away; the mass was an enormous, 
distended, calcified appendix with a length of 16.5 em and a width 
of 3.5 em (Fig 2). Its wall was the consistency of eggshell and had 
fraetured znd leaked near its tip (Fig 3); nearby was an intense 
peritoneal reaction. The caleium extended onto the cecal wall. A 
stapling machine was used to remove the tip of the cecum with the 
appendix. The patient had been given cephalothin sodium preoper- 
atively, which was continued briefly postoperatively. Her recovery 
was uneventful. At elective cholecystectomy two months later, 
there was no sign of the previous inflammatory insult. Pathologi- 
cal report: “obliterative appendicitis with mural fibrosis and 
caleificatior; internal mucus retention, no epithelium present." 


COMMENT 


Rokitansky reported “hydrops of the appendix" in 1842.” 
In 1863, Virchow gave the classical description of mucocele 
of the appendix. Mucocele was found in one of every 300 
surgically removed appendices at the Mayo Clinic.’ The 
condition is thought to arise when there is proximal 
obstruction of the appendix in the absence of infection 
with the continued production of mucin. Mucocele ezn be 
reproduced in the rabbit in the laboratory."' 

Most of the cases reported by Wesser and Edelman’ were 
symptomatic. Rupture does occasionally occur.’ Since 
Fraenkel’s report in 1901, there has been much controversy 
concerning the arcane capacity of ruptured mucocele to 
produce pseudomyxoma peritonei^ More recently, many 
studies have more clearly defined the relationship. Pseudo- 
myxoma peritonei is now thought to occur only when there 
is neoplastic epithelial activity already present in the 
mucocele." '* 

Calcification in the mucocele is thought to denote chron- 
icity. Usually, there are several calcifications within the 
lumen. Occasionally, the wall is totally calcified, as our 
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Fig 1.—Abdominal roentgenogram show- 
ing gallstones and cystic calcification. 


patient's was." This closely mimics the condition of chole- 
cystitis calcifcans, er “porcelain gallbladder." In one 
autopsy case described by Ostrum and Miller,’ a calcified 
mucocele had ruptured and formed fistulas into tke ileum, 
cecum, bladder, and rectosigmoid. No case was found 
where a cacfied wall actually fractured and elinically 
produced an acute abdomen, as did ours. 

The presenee of calcium would seem to lower tie likeli- 
hood of neoplasm and indeed, in our case, no epithelium at 


Fig 2.—CelIcified appendix measuring 16.5 





Fig 3.—Fractured wall of calcified appen- 
cm long end 3.5 cm wide. dix. 


all was found. Our report emphasizes another possibility in 
the differential diagnosis of calcified masses in the lower 
part of the abdomen. It also describes what must be an 
extraordinarily rare acute abdomen from fracture of an 
eggshell-thin, totally calcified appendiceal mucocele. 


Nonproprietary Name and Trademark of Drug 


Cephalothin sodium—Keflin. 
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Rhizopus Surgical Wound 
Infection Associated With 


E. Dale Everett, MD; Steven Pearson; Wallace Rogers, MD 


e We report a case of cutaneous Rhizopus infection asso- 
ciated with the use of an elasticized adhesive tape (Elastoplast) 
bandage over a surgical wound. At the present time, it is 
recommended that such dressings not be used on open 
wounds. 


y (Arch Surg 114:738-739, 1979) 
d E February 1978, six patients from a Minnesota hospital 
i. were reported as having wound infections due to 
Rhizopus sp that were associated with the use of elasticized 
^ adhesive tape (Elastoplast) bandages.' Subsequently, ten 
n other hospitals from elsewhere in the United States 
disclosed similar infectious episodes in 17 patients. 

| We report an additional case with an illustrative photo- 
E graph to further alert physicians to the possible association 
of cutaneous Rhizopus infection with elasticized adhesive 
ik tape dressings. 


a REPORT OF A CASE 


A 43-year-old man was in good health until June 24, 1978, when 
he was admitted to the hospital with a compression fracture of 
T-12 after being struck by an automobile. On July 3, because of 
4 slowly progressive neurologic findings and a myelogram showing 

severe encroachment on the spinal canal, he underwent a decom- 
pressive laminectomy with bone grafting and placement of 

$ Harrington rods. Preoperatively and postoperatively, he received 
ve large doses of dexamethasone and a cephalosporin (cephalothin 
sodium). A compressive bandage of pads and elasticized adhesive 
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Elasticized Adhesive Tape Dressings 


Rhizopus Infection—Everett et al 





Multiple areas of induration, pustules, and cutaneous fistulae 
along surgical incisions. 


tape was applied to “he surgical wounds. 

On July ;, tae wouad was noted to be indurated and br July 10, 
. vesieular-pastular lesions were present along margins of the back 
and bone graft dono- incision sites. Gross pus was present in the 


C . incision. Asde-matolegy consultant thought that this represented 


. an unusuabdistribut3on of herpes zoster, but a Tzank preparation 
. was negative. Rhizopus sp grew in all cultures of the lesions and 
pus on Juiy 10 to 12 and a skin biopsy on July 13. Gram's stains of 
pus and bzeterial cu tumes were negative. The appearance of the 
lesions on . uly 12 is shown in the Figure. 

Corticosteroids amd antibiotics were discontinued and the 
patient underwent caily debridement of necrotic tissue On July 
16, system zmphotericin B was instituted to a total dose of 286 
mg. Wounes slowly improved and healing was essentially complete 
by the latter part of August. The patient was never systemically 
ill, his WEC eount was only minimally elevated (10,900/cu mm), 


and the insectious process never obviously fpended intc the deep — 


fascial planes. 
COMMENT n cain 
Rhizopes, a member of the class Zygomycetes, is à 
ubiquitous “ungus in nature but an unusual eause of 
infection usually seferred to as mucormycosis) in humans. 
When infection does occur, it is frequently associated with 
severe underlying disease such as diabetic ketcacidosis, 


neoplastic diseases, burns, or immunosuppression. Primary __ 


cutaneous d:sease is rare. 


Our pacient, plas those previously recorded, seem to | | 


indicate taa- Rhizepus wound infection may be acquired in 
association with the use of Elastoplast bandages. Rhizopus 
has been cultured from rolls of these bandages.! In March 
of 1973, we mad» imprint cultures of several rolls of 
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Elastoplast at our hospital, but failed to recover Rhizopus. 
The roll of material used as a portion of the bandage in our 
patient was no longer available for eulturing at the time 
that the infection was discovered. ! 

The pathogenesis of these cutaneous infections would 
appear to be by direct contamination in or adjacent to open 
wounds. In our patient, the use of dexamethasone plus a 
prophylactic cephalosporin may have been operative in 
allowing the fungus to establish itself. Therapy of these 
Rhizopus infections has consisted of local treatment and/ 


or systemie amphotericin B. We elected to treat our 


patient with amphotericin B because of the extensiveness 
of the lesions and the presence of foreign material (Har- 
rington rods) in the operative site. 

At the present time, the manufacturer and the Center 
for Disease Control recommend that Elastoplast bandages 
not be used over open wounds.” We have elected to remove 
these bandages from all areas in the hospital until further 
investigation demonstrates their sterility or safety. 


Nonproprietary Names and Trademarks of Drugs 


Amphotericin B—Fungizone. 
Cephalothin sodium—Keflin. 
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Experimental Surgery 


Studies of Peripheral Glucose 


Uptake During Sepsis 


Keith A. Wichterman, MD; Irshad H. Chaudry, PhD; Arthur E. Baue, MD 


e Glucose intolerance occurs in patients with sepsis, and 
resistance to insulin has been thought to be part of this process. 
To study this phenomenon, peritonitis was produced in rats by 
cecal ligation and puncture. One group was killed ten hours later 
(early sepsis). A second group of rats was killed 16 to 24 hours 
after ligation, just prior to their expected death (late sepsis). 
Insulin stimulated glucose uptake to the same extent in muscles 
from rats in early sepsis, late sepsis, and from control rats. Even 
at an insulin concentration that produced submaximal stimula- 
tion of glucose uptake, no difference in glucose uptake between 
the three groups of muscles was observed. Thus, there was no 
resistance to the stimulatory action of insulin on glucose uptake 
by skeletal muscle during early and late sepsis. However, basal 
glucose uptake by isolated soleus muscle from animals in late 
sepsis was significantly increased compared with controls when 
these muscles were incubated in an aerobic environment. Under 
anaerobic conditions, glucose uptake in these two groups of 
muscles increased to the same level. This indicates that there is 
some stimulus that increases glucose uptake in late peritonitis 
and may explain the hypoglycemia of late experimental or 
untreated sepsis. This stimulus could be hypoxia or some other 
factor resulting from decreased blood flow and increased anaer- 
obic metabolism. 

(Arch Surg 114:740-745, 1979) 


he altered metabolism of the injured or operated on 

patient is not totally understood and such changes 
may be a threat to survival. The army research team in 
Korea noted that an otherwise normal individual who is 
injured has a diabetic-type glucose tolerance curve for 
some days after injury.’ In addition, abnormalities of 
glucose metabolism manifested by hyperglycemia and 
glucose intolerance frequently accompany shock,’ trau- 
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ma,*5 ard sepsis.’ Although failure to produce insulin; 
persistert hepatic gluconeogenesis,*'" and peripheral 
insulin resistance" have all been postulated as contributing 
causes fcr glucose intolerance associated with sepsis, the 
specific causes of this abnormality have not been adequate- 
ly explained. Many studies '*? have shown that gluzoneo- 
genesis 5roceeds even during fasting in patients with 
sepsis. What stimulates this persistent hepatic production 
of glucose is not established, but gluconeogenesis may 
represen- a homeostatic response" to the increased amount 
of glucogenie substrates being released from perivheral 
tissues. As the insult of sepsis continues, the progressive 
rise in bbod glucose levels changes to a persistent decline 
with hypoglycemia being a terminal event at least in 
experimental animals in shock.'?-'* 

Typiea ly, insulin stimulates glucose uptake in skeletal 
muscle; resistance to this stimulatory effect during sepsis 
has been suggested but never clearly demonstrated. Gump 
et al' and Clowes et al'* have studied peripheral glucose 
levels frcm the limbs of patients with sepsis. They found 
that altheugh considerable variation exists, no substantial 
difference in arteriovenous glucose concentration occurs in 
patients with sepsis as opposed to control subjects. Since 
patients with sepsis frequently have elevated serum 
glucose and insulin levels, the finding of no increase in 
peripherel arteriovenous glucose difference despite ele- 
vated serum insulin levels may appear as "insulin 
resistance." However, glucose uptake by the limb in vivo is 
caleulatec by multiplying the difference in glucose concen- 
tration between the arterial and venous blood with the 
limb blood flow, and since patients with sepsis frequently 
have an 2levated cardiac output, alterations in insulin 
stimulation of peripheral glucose uptake during sepsis are 
not established by the aforementioned studies. 

Using a rat model of sepsis, Ryan et al'* showed that 
insulin inaibits lypolysis and stimulates pyruvate dehydro- 
genase activity (an insulin-sensitive enzyme) in fat cells, 
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but that diaphragm muscle pyruvate dehydrogenase activ- 
ity was not stimuleted by insulin. These indirect deta have 
been the basis for the concept of peripheral insulin 
resistance curing sepsis. Most other studies'^' have 
concentrated on measurement of blood insulim levels 
during seps:s, whieh are an indirect measurenent of 
insulin production and the tissues response to the Formone 
under sueh adverse conditions. The role of insulia in the 
metabolic alterations observed during sepsis, therefore, 
remains cnc ear. 

The purpose of this study was to determine whether 
basal gluees2 upteke by intact skeletal muscle is altered 
and whether there is resistance to the stimulatory »ffect of 
insulin on g-ueose uptake during sepsis. The results indi- 
cate that basal glucose uptake is increased durinz sepsis 
and insui-n stimulated glucose uptake to the same extent in 
muscles tom control as well as from early and late septic 
rats. These studies, therefore, indicate that peripheral 
insulin resis:ance during sepsis does not occur. 


METHODS 
Sepsis Procedure 


Several methods “hat have been used and described in the 
literature for produeticn of sepsis'"* have not been found to 
produce a good expe-imental model in our hands. This is particu- 
larly true =f cecal ligsticn'* that produced no problems ir our rats. 
Our rats with cecal ligation did not develop substantial peritonitis 
but rather walled of the infarcted bowel. Attempts te produce 
sepsis in rats by cecal ligation alone were also unsuccessful in the 
hands of other investigators, such as Dr Donald Fry of the 
University of Louisville, (personal communication). Because of 
this problem, we developed the following model of seps:s. 

Male albino Holtzman rats (from the Charles River ia Boston) 
weighing 125 to 300 g were fasted for eight hours prior to cecal 
ligation but were allowed water ab libitum throughout the study. 
Peritoniti= was produced by ligation and puncture of the cecum 
performed through £ midline incision. Under light ether anesthe- 
sia, the ceeurr was ligated just below the ileocecal valve, thereby 
permitting continuity of the intestinal tract. The ligated cecum 
was punctured twice with an 18-gauge needle, and the abdominal 
incision was closed ia layers. Although all rats were not cultured, 
blood cultures from »ight rats were positive for Escher-chia coli, 
Streptoeoerus bavis, Proteus mirabilis, Enterococcus, and Bacte- 
roides fragilis as early as six hours after cecal ligetion and 
puncture, whereas Hood cultures taken from control rats were 
sterile. This preparation was lethal to 94% (173/184) of the rats 
within 48 hours. Of al! the rats ligated, 52% (96/1849 seemed 
lethargic and unpreened at 16 to 24 hours after laparotemy. This 
was the best indication of the presence of severe peritonitis. 
Animals would usually cie within a few hours in this condition. Of 
the rats, 23% died ir less than 16 hours. Nineteen percent of the 
rats seemed well at 15 to 24 hours but died between 24 and 48 hours 
postligatien and puncture, and were not studied. 

In the present stucy, a group of rats referred to as “early septic” 
(ie, sepsis was indueed early) were prepared as aforementioned 
except that these rats received saline (5 mL/100 g body weight to 
provide seme replacement for the extracellular fluid sequestered 
during peritonitis) sebcutaneously at the time of ligation and they 
were killed by decapitation ten hours after ligation. Most rats at 
this time-seemed on y mildly ill; however, blood cultures from six 
rats so prepa-ed were all positive and they had peritontis. 

A second group of rats referred to as "late septic" rats “ie, sepsis 
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was induced late) were used 16 to 24 hours after ligation. Saline 
was not given subcutaneously to this group of animals. These rats 
appeared obtunded and would lie in a supine position without 
protesting (without anesthesia), and when lowered by their tails 
they allowed their noses to touch the tables before their paws. As 
soon as the rats would lie in a supine position without protesting, 
blood pressures were measured by lightly anesthetizing the 
animals with ether, after which the right femoral artery was 
cannulated with polyethylene tubing (PE-50) and heparin sodium 
(400 units) was injected into the artery. The cannulae was then 
connected to a vertical 1.75 M length of PE-50 tubing calibrated in 
millimeters of 1 Hg, for monitoring arterial blood pressure. Rats 
whose blood pressure was greater than 90 mm Hg were used and 
included in the study. The rats were allowed to awaken, after 
which they were killed. Since the rats were allowed to awaken 
completely, there should have been no influence of ether anesthe- 
sia on glucose uptake in muscles from such rats. Previous studies 
from our laboratory have shown that muscles from animals that 
were anesthetized and then allowed to awaken demonstrated 
glucose uptake values similar to muscles from animals that were 
not anesthetized." The purpose of measuring blood pressure was 
to eliminate animals from the study that were already overtly in 
septic shock. It is recognized that a blood pressure greater than 90 
mm Hg could still be associated with hypovolemia and a failing 
circulation, Autopsies on late septic rats showed that the perito- 
neal cavity typically contained 1 to 2 mL of cloudy fluid from 
which enteric organisms grew, such as E coli, P mirabilis, 
Enterococcus, Streptococcus viridans, S bovis, B fragilis 1,2, and 3, 
Clostridium, Sporogenes, and Peptostreptococcus. The cecum was 
engorged and gangrenous; the puncture holes were visible, but no 
stool was grossly visible in the abdomen. 

For each rat with sepsis that was studied, one control, nonoper- 
ated on rat of the same approximate weight and from the same 
shipment was fasted and included for study. Control rats for the 
group in early sepsis also received saline infusion ten hours prior 
to being killed. 


Determination of Serum Glucose, Lactate, and Insulin 


After decapitation of the rats, blood was collected and allowed to 
clot. The serum was separated by centrifugation and frozen at 
—20 °C until assayed. Serum glucose levels were determined by the 
glucose oxidase method; lactate was assayed by the colorimetric 
method of Barker and Summerson''; insulin levels were deter- 
mined by I radioimmunoassay. 


Determination of Glucose Uptake 


Immediately after blood collection, the soleus muscles were 
removed as described earlier," were weighed, and were placed in a 
1.0-mL chilled Krebs-Henseleit bicarbonate buffer solution (pH of 
7.4) containing 10 mM of glucose, one muscle in the presence of 
and the other in the absence of bovine crystalline insulin. To 
increase the accuracy of determination, two muscles (from differ- 
ent rats) were placed in each beaker. Ineubations were carried out 
in a metabolic shaker for one hour at 37 °C under an atmosphere of 
either O,-CO, (95:5, v/v) or N,-CO, (95:5 v/v); shaking rate was 110 
cycles/min. All glassware was presiliconized to decrease insulin 
adsorption. At the end of the incubation period, the muscles were 
removed and the incubation medium deproteinized using Ba(OH ),- 
ZnSO,. Glucose was determined by the method of Nelson, using 
the modified copper reagent described by Somogyi.” 

Although the gas mixtures were first bubbled through water, 
the incubation medium tended to concentrate during the course of 
the incubation due to evaporation. To correct this, control values 
were obtained by incubating several beakers containing medium 
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alone. Glucose uptake was calculated from the difference between 
the final glucose concentrations of these control beakers and those 
containing muscles. 


Determination of Glucose and Raffinose Spaces 


After incubation, the muscles were rinsed quickly in ice-cold 
water, blotted dry, and frozen between aluminum blocks chilled in 
dry ice. A protein-free extract was prepared by homogenizing the 
muscles in Ba(OH).ZnSO,. Glucose level was determined using the 
glucose oxidase, and raffinose was determined using the method 
of Roe et al.*' Since raffinose does not enter the cell, raffinose was 
used to determine the extracellülar space of the muscle. 


RESULTS 
Effect of Sepsis on Blood Pressure 


` The mean arterial blood pressure of control rats and 
those in early and late sepsis was found to be 103 + 2, 
110 + 3, and 98 + 2 mm Hg, respectively. The rats in late 
sepsis that were used in this study were those in which the 
blood pressure was greater than 90 mm Hg. Thus, the rats 
in late sepsis were not in overt shock. 


Effect of Sepsis on Serum Glucose, 
Lactate, and Insulin Levels 


Our pilot studies indicated that if saline was given 
subcutaneously at the time of cecal ligation and puncture, 
that such rats showed higher blood insulin levels than rats 
in early sepsis that were not hydrated (52 + 12 vs 30 + 5 
pU/mL; N = 5 in each group). For this reason, all rats in 
early sepsis were hydrated at the time of cecal ligation and 
puncture. 

The mean serum concentrations of glucose, lactate, and 
insulin are given in Table 1. Rats in early sepsis (hydrated) 
were mildly hyperglycemic, whereas rats in late sepsis 
were consistently hypoglycemic compared with unoperated 
on controls. Further confirmation of the preterminal status 
of the rats in which late sepsis occurred is shown by the 


Table 1.—Effect of Sepsis on Serum Glucose Lactate, 
and Insulin* 


Fasted 
Hydrated Early Late 


Sepsis 
20.5 + 4.2 (8) 
65.7 + 4.3 (5) 

24 +85 (5) 


Sepsis 
151 + 5.2 
37.7 + 2.7 

52 + 12 


Control 
113 + 3.9 
19.6 + 1.4 

35 +4 


Glucose, mg/dL 
Lactate, mg/dL 
Insulin, «U/mL 


*Glucose, lactate, and insulin levels in serum from control rats and those 
in early and late sepsis were measured as described previously. Each value 
represents mean + SE of 32 determinations except when number of 
determinations is listed in parenthesis. 





Insulin Concentration 


in Medium, „U/mL Control Muscles, »moles/g/hr 


ne — 
500 
5,000 


9.7 + 0.6 (16) 
12.4 + 0.5 (16) 





n» c 





Table 2.—Effect of Insulin on Glucose Uptake* 


No 6.6 + 0.4 (32) 6.9 + 0.5 (16) 9.7 + 0.6 (15) 








PE AM d WE NX 


= 


"iw 


high lactate levels in serums from that group Although 
somewhat less elevated, the mean serum lactate levels of 
rats in early sepsis was also increased. Insulin determina- 
tions varied widely within each group, but tke average 
value for the rats in early sepsis was greater (P < .(1) than 
that for the fasted, but hydrated, control groip. Serum 
insulin levels in rats in late sepsis were lower than in both 
other groups. | 


Basal Glucose Uptake and the Effect of Anoxia 


There was no difference in basal glucose uptake by 
muscles from control rats that did or did not rec»ive saline 
subcutaneously. As given in Table 2, basal glucose uptake 
by muscles from rats in early sepsis and frcm control 
muscles was the same, indicating that the basal glucose 
uptake process was not affected during early sepsis. 
During late sepsis, however, basal glucose uptake was 
increased by 55% (P — .001, compared with contrcls). To 
understand the mechanism for increased basal glucose 
uptake during late sepsis, muscles were incubated under an 
aerobie environment. Table 3 gives that, whercas anoxia 
stimulated glucose uptake by 100% in control muscles, it 
stimulated glucose uptake by only 40% in muscles frcm rats 
in late sepsis. With anoxia, the highest glucose uptake 
value was the same in control rats and those in late sepsis; 
however, the basal glucose uptake value by -hese two 
groups of muscles was different (Table 3). 


Effect of Insulin on Glucose Uptake 


Insulin, at a concentration of 500 and 5,000 „U/mL, 
stimulated glucose uptake in control muscles and muscles 
from rats in early sepsis to the same extent (Fig 1). There 
was an increase of approximately 3 umoles/g/hr in glucose 
uptake in the presence of 500 1U/mL insulin and approxi- 
mately 6 umoles/g/hr in glucose uptake in the presence of 
5,000 uU /mL. We have previously shown that :nsulin 
produces a submaximal increase in glucose uptake at an 
insulin cencentration of 500 uU /mL and maximal stimula- 
tion of glucose uptake occurs around 1,000 ;U /mL.* Thus, 
the 5,000 „U/mL insulin used in this study was well above 
the amount of insulin required to produce optimzl stimula- 
tory effeet. 

Although basal glucose uptake by muscles from animals 
in late sepsis was increased, insulin at concent-ations of 
500 and 5,000 „U/mL increased glucose uptake by approx- 
imately 3 and 6 umoles/g/hr, respectively. Thus, the 
increase in glucose uptake by muscles in rats in late sepsis 
in the presence of insulin was the same as in control 
muscles. 





Early Sepsis, /moles/g/hr Late Sepsis, ;moles/g/hr 







10.8 + 0.8 (8) 
12.1 + 0.8 (8) 


13.0 + 1.1 (8) 
15.2 + 0.7 (8) 








*Soleus muscles from control rats and those in early and late sepsis were incubated uncer aerobic conditions at 37 °C in 1.0 mL of Krebs-HCO, buffer 


containing 10 mM of glucose, in presence and absence of insulin. Glucose uptake in muscles from control rats and hydrated control rats was iden'ical and 


is, therefore, presented together. Values are mean + SE of number of determinations in parenthesis. 
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E‘fect cf Sepsis on Glucose Space 


In all groups o muscles, free glucose concentrations 
within the muscles were mueh lower than in the strround- 
ing medium. The »xtracellular space, measured Ly using 
raffinoseas z marker, was found to be 0.21 mL/g of tissue. 
Glucose space was found to be 0.07 + 0.02 mL/g in late 
sepsis and (.08 + 0.01 mL/g in control and early sepsis 
muscles. Since these was no change in the glucose space of 
muscles from rats with sepsis, and since the glucose space 
was much lcwer taam the extracellular space, this would 
suggest that transport rather than metabolism of glucose 
is the rate-limiting step in glucose use by these muscles. 


COMMENT 


Sepsisis definedias “a severe toxic febrile state resulting 
from infeeton wth pyrogenic microorganisms, with or 
without associated septicemia."* Waisbren" and others 
have emphasized that sepsis and endotoxin shock are 
different en-ities. )'Donnell et al^ has shown tha: in pigs, 
endotoxim irhibitshepatic gluconeogenesis, whereas sepsis 
produced by cecal igation stimulates hepatic conversion of 
lactate and alanine to glucose. MacNicol and Clowes’ have 
found that cecal igation alone produces peritonitis and 
massive proteolysis. In our experience, however, cecal 
ligation alone in rets did not produce persistent bacteremia 
or mortality. After trying many other methods unsuccess- 
fully, such as implantation of fecal pellets intraperitoneally 
or subcutaneously, intraperitoneal innoculation of pure 
Klebsiella (two stzains) and E coli at 10° viable organisms 
per milliliter.” '" we developed the method of cecal liga- 
tion and puncture in rats previously described. This meth- 
od has proved tc be most consistent and reproducible. 
Animals used hers that were in both early and late sepsis 
had bacteremia and metabolic changes consistent with 
sepsis. The rats ir late sepsis with hypoglycemia and high 
serum laetate levels represent a model of severe s2psis and 
dehydration, probably the result of circulatory failure. 
These rats seldom drank water when they seemed ill, and 
they had florid peritonitis with purulent fluid as well as 
noticeable intraperitoneal edema at the postmortem exam- 
ination. 

The rele of insulin in the metabolic alterations observed 
during sepsis remains unclear. Most studies of insulin in 
sepsis have measared blood insulin levels,- which are an 
indirect measure of insulin production and th» tissues 
response to the hormone under such adverse conditions. In 
view of the lack ef information concerning insulin action 
on tissues during sepsis, we have studied isolated rat soleus 
muscles from arimals subjected to various degrees of 
sepsis. 

Rat soleus mus-le was used for these experiments since 
it has proved to be very suitable for in vitro experimenta- 
tion.** We have previously used the soleus muscle to 
confirm the presence of tissue insulin resistance in severe 
hemorrhage sheck*° The concentration of insulin 
requimed to produce an optimal effect in vitro? is greater 
than the physiolawic levels.” This is due to the fact that 
insulin being a hermone has a tendency to bind to diverse 
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Table 3.—Effect of Anoxia on Glucose Uptake* 


Incubation Control Muscles, Late Sepsis 
Environment pmoles/g/hr umoles/g/hr 


0,-CO, (95:5 v/v) hie st 1.3 11.5 2 FS | 
N.-CO, (95:5 v/v) T4, C x tO 15.4 + 0.9 



















*Soleus muscles from control rats and those in late sepsis were 
incubated under aerobic and anaerobic environment at 37 °C in 1.0 mL 
Krebs-HCO, buffer containing 10 mM of glucose. Glucose uptake was 
measured as described previously. Values are mean + SE of six determi- 
nations in each group. j 








5000 uU[m! 


GLUCOSE UPTAKE GREATER THAN BASAL 
(Qu mole gm-! hr-1) 
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CONTROL EARLY LAT 
MUSCLES SEPSIS SEPSIS 


Values represent net glucose uptake in presence of different 
concentrations on insulin, ie, glucose uptake in presence of 
insulin minus basal glucose uptake. Each bar gram represents 
mean + SE of eight determinations in each group. 


objects, including glass. In studying the effect of low 
concentrations of insulin for in vitro experimentation, one 
must anticipate considerable loss of hormone due to 
nonspecific binding to glassware.** Loss of the hormone in 
in vitro studies can be somewhat reduced by precoating the 
glassware with silicone. All glassware used in this study 
was siliconized. | 

Recent studies from our laboratory have shown that rats 
in early sepsis have a hyperdynamic circulation, whereas 
those in late sepsis are hypodynamic.** Thus, based on our 
recent studies, it seems that the group in early sepsis in 
this study was probably hyperdynamic, whereas those in 
late sepsis were hypodynamie. The early septic rats with 
hyperglycemic and hyperinsulinemia could resemble what 
Clowes et al'* have described as “high output sepsis” since 
blood flow to organs was increased in these rats." 
Although the blood glucose level was increased during 
early sepsis, it decreased to approximately 20 mg/dL in 
late sepsis (Table 1). Thus, it seems that the rats in late 
sepsis were close to death. 

The results presented from this study indicate that 
insulin at low as well as high concentrations stimulated 
glucose uptake to the same extent in muscles obtained 
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from control rats and those in early and late sepsis. Thus, 
there was no evidence of peripheral insulin resistance at 
various stages of sepsis. The failure to demonstrate periph- 
eral insulin resistance in this study is, however, not 
inconsistent with the finding of glucose intolerance in 
patients with sepsis. Although the cause is unknown," 
sepsis is associated with massive proteolysis' *'''* in 
excess of starvation alone. Proteolysis results in increased 
delivery of lactate and amino acids to the liver where the 
excess glucogenic precursors are converted to glucose. 
Normally, the rate of gluconeogenesis by the liver during 
fasting is controlled not by hormones directly but rather by 
the concentration of percursors coming to the liver.** In a 
study using pigs with sepsis, Imamura et al” demonstrated 
that hepatic gluconeogenesis will proceed in proportion to 
the amount of glucogenic substrates present and that with 
increased proteolysis occurring during sepsis, gluconeogen- 
esis will continue even despite intravenous glucose infu- 
sion. Persistent glucose production causes increased insulin 
release. Therefore, fasting glucose and insulin levels 
during such septic states are frequently elevated, as was 
the case with the rats in this study that were in early 
sepsis. Since insulin normally inhibits gluconeogenesis and 
since hepatic gluconeogenesis proceeds despite elevated 
insulin levels, there may be insulin resistance in the liver 
during sepsis. Thus, the concept of insulin resistance 
during sepsis may be valid, but it probably occurs in the 
liver rather than in skeletal muscle. 

Glucose can be metabolized rapidly by skeletal muscle 
during exercise, but it is of minor quantitative importance 
under most other conditions. Although skeletal muscle 
accounts for 40% of normal body weight and for 40% of 
resting total body 0, uptake, oxidation of glucose by 
muscles at rest accounts for only about 7% of body 0, 
uptake. In healthy volunteers, resting skeletal muscle takes 
up glucose in vivo at a basal rate of about 0.3 uM/g/hr**^ 
providing the insulin concentration remains less than 
about 40 U/mL”; only above this concentration does 
insulin stimulate peripheral glucose uptake.” Blood insu- 
lin levels in patients recorded during high cardiac output 
sepsis vary somewhat depending on the method used, but 
average about 40 uU /mL'**? or three times fasted control 
values of 10 to 20 »U/mL. It is, therefore, apparent that the 
insulin levels from both fasted controls and patients with 
sepsis are below the normal threshold required to stimulate 
peripheral glucose uptake. Thus, the failure of septic 
patients with the so-called elevated insulin levels to 
increase their peripheral uptake of glucose is not necessari- 
ly "insulin resistance" but rather represents the expected 
physiologic response for that insulin level. 

The studies of Ryan et al" have shown that during 
sepsis, insulin levels are increased threefold and that 
pyruvate dehydrogenase activity is increased in adipose 
tissue but not in diaphragm or gastrocnemius muscle. On 
the basis of the aforementioned studies, peripheral insulin 
resistance during sepsis has been postulated. An examina- 
tion of the results of Ryan et al,'* however, fails to 
demonstrate peripheral insulin resistance during sepsis 
because the highest concentration of insulin observed in 
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these septic rats was 30 „U/mL, which is less than the 
concentration of insulin required to stimulate per pheral 
glucose uptake,?"** and whereas in adipose tissue, the 
effect of insulin on pyruvate dehydrogenase activity has 
been clearly demonstrated, no direct evidence exists 
concerning such effects in muscle. Thus, the study o? Ryan 
et al'* dces not prove peripheral insulin resistance during 
sepsis, and the present studies support this notion. 

The results also indicate that, whereas basal glucose 
uptake vas unaltered during early sepsis, it was signifi- 
cantly (P < .001) increased during late sepsis. The differ- 
ence in basal glucose uptake between muscles from rats in 
early and late sepsis may in part be due to hypovolemic 
conditions present during late sepsis. During late sepsis 
(termina. condition), severe hypoglycemia was observed in 
this study. Since gluconeogenesis as well as proteolysis 
persists during sepsis, the low glucose levels during late 
sepsis may be due to altered gluconeogenesis, increased 
peripheral glucose uptake and depleted glycogen stores. 

Besides insulin, anoxia, and certain metabolic poisons 
are known to stimulate glucose transport in skeletal 
muscle.» To determine if anoxia might be the cause of 
the increased basal uptake in muscles from rats in late 
sepsis, incubations were carried out in an anaerobic envi- 
ronment. Under these conditions, the magnitude of glucose 
uptake by muscles from control animals and those in late 
sepsis were the same even though under aerobic conditions 
basal glucose uptake by muscles from rats in late 3epsis 
was higher. If the increased uptake seen in late sepsis is 
caused by some factor that has a mechanism of action 
different from anoxia, eg, endogenous insulin, one might 
expect anaerobic incubations to double basal uptake as it 
does in eontrol muscles. When glucose uptake was maxi- 
mally stimulated by anoxia, insulin caused a further 
increase in glucose uptake.” Thus, the ability of the sugar 
transport carrier to transport glucose into the cell could not 
have been the rate limiting step in this study. Moreover, 
the extracellular space of muscles from animals in sepsis 
was the same as control muscles. This would sugges: that 
the permeability barrier of muscles did not change during 
early or late sepsis. The fact that anoxia did not increase 
glucose uptake by 100% suggests that anoxia or some 
metabolic poison with the same mechanism of action 
enhances zlucose uptake in muscles from rats in late sepsis. 
The increased basal glucose uptake in muscles from 
animals in which sepsis occurred late is probably due to 
decreased blood flow to tissues, thereby creating anoxic or 
hypoxic conditions. If anoxia alone is the cause of the 
increased basal glucose uptake in muscles from rats in late 
sepsis, one might expect incubation in an oxygen rich 
environment to decrease uptake to the control level unless 
oxygen diffusion by septic muscles is impaired; we are 
presently studying this possibility. 

It is doubtful whether enhanced basal uptake is of 
clinical consequences even if it occurs in septic patients, 
because even a 50% increase in basal glucose uptake during 
sepsis would provide only a few percent of the energy 
requirements for skeletal muscle mass. Besides, Gump et 
al’ have found no increased uptake of glucose in forearm 
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. Studies of septic patients. This finding may be beeause his 


patients, although septic showed no evidence of circulatory 
impairment, whereas the rats described here were studied 
late m the course of progressive sepsis. The results 
presented here indicate that, whereas basal glucose uptake 
was semewhat increased during late sepsis, no ev dence of 
peripheral insulin resistance during early or late sepsis was 
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observed. This leads us to conclude that the site of insulin 
resistance during sepsis may be the liver. 
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Brief Clinical Notes 


Experience With the Hunter-Sessions 


Inferior Vena Cava Balloon Occluder 


Donovan Stiegel, MD, James F. Duesman, MD 


e During a two-year period, 12 patients with indication for 
inferior vena cava interruption underwent vena cava occlusion 
with the transvenous Hunter-Sessions balloon. The device 
permitted simultaneous anticoagulation (when not contraindi- 
cated), was tolerated by sick patients, did not cause mortality or 
significant morbidity, and prevented pulmonary emboli. 

(Arch Surg 114:746-747, 1979) 


he problem of deep vein thrombosis of the lower 
extremities, with its potential of pulmonary embolus, 
has in some instances posed difficulties in management. 
Although we have been able to treat most patients success- 
fully with anticoagulants, there remains a significant 
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number of patients in whom anticoagulants are contrain- 
dicated, or in whom embolization occurs despite their 
use. 

Several methods of inferior vena cava interruption to 
prevent pulmonary emboli have been available to us, eg, 
ligation or fenestration of the inferior vena cava via a 
flank incision, or use of a transvenous method. Favcrable 
reports of the use of the Hunter-Sessions balloon device, 
with long-term follow-up, have been made.'? The purpose 
of this article is to describe our experience with the vena 
cava balloon oecluder in a community hospital. We have 
used the occluder in 12 patients since July 29, 1976. 

Indications for use of the device were continued emboli- 
zation in spite of adequate anticoagulation, and coexisting 
medical conditions that contraindicated anticoagulation. 
Patient selection was influenced by the fact that the 
method avoids major surgery and permits simultaneous 
anticoagulation if such therapy is not contraindicated. 

The Hunter-Sessions balloon occluder is placed by way of 


Fig 1.—Balloon-bearing catheter. "Handle" has stopcocks to permit venography and balloon inflation. Balloon is 
released by turning "wheel" located on handle. Inset shows inflated balloon before and after separation. 
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indications for 


yr/sex Diagnosis Interruption 
1/87/F Metastatic cancer, sub- 
dural hematoma, coagulants 
pulmonary artery em- 





boli 

Chronic iunc disease, Repeated emboli despite 
tracheestomy, pulmo- anticoagulants 
nary astery emboli 






Breast cancer, brain me- 
tastases, illac phlebitis coagulants 


Postoperative thoracoto- Bleeding on heparin so- 







embolus stopped 










hemoptysis, phlebitis coagulants 





8/47/F  Phlebitis. inferior vena Bleeding on heparin so- 
Cava thrombus dium, anticoagulants 


stopped 


Jaundice-cancer pan- Contraindication to anti- Minimal 
creas, deep phlebitis, coagulants 
impencing surgery 





9/83/F 





10/50/M 


trointestinal bleeding anticoagulants stopped 















11/50/M 
phlebits _ anticoagulants 

Deep vemous thrombo- Repeated emboli despite 
phlebits anticoagulants 

















12/64/M 





the jugular vein with the patient under local anesthesia. 
Seeure fixation cf the detachable balloon is accomplished 
by hyperinflatior in the distensible vena cava. Provision 
for venography im the instrument enables accurate place- 
ment of the occluder between the iliac and renal veins. A 
detailed description of the instrument's design and use has 
been reported by Hunter et al.' 


SUBJECTS AND METHODS 


Each of the 12 pa£ients was either very ill or had little reserve to 
tolerate-general anesthesia and flank surgery (Table). A transve- 
nous approach to inferior vena cava interruption was thus desir- 
able. Five of the patients had neoplastic disease anc five were 
postoperative. Onlr four of the patients had venous taromboem- 
bolism without a serious coexisting medical problem. I? there was 
no contraindicatioa, anticoagulants were administered simulta- 
neously. 

There were no d»aths in this series attributable to ecclusion of 
the vena cava. A single hospital death occurred from a coincidental 
arterial embolus. No patient had a pulmonary emo»olus after 
balloon oeclusion. Foentgenograms showed that there kad been no 
balloon migration er instability. Simultaneous heparinization was 
tolerated without hematoma. We did not encounter significant 
morbidity due to lez edema. Lower extremity swelling appeared to 
be direetly related to the preocclusion extent of the palebitis. 
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Inferior Vena Cava Dcclusion With the Hunter-Sessions Balloon 


Age Inferior Vena Cave Legs: Hospital Legs: Last 
Status Follow-up Result 


Contraindication to amti- — Transient edema 


Minimal ecema 


Contraindication to anti- — Preocclusion edema un- Minimal edema 

changec of brain metastases 
Edema, discharged with 
my, pusmonary artery dium, anticoagulan s stockings 


Deep phlebitis, pulmo- Repeated emboli desoite Edema at nospital dis- Normal Excellent, living and 
nary arery emboli anticoagulants charge well 
6/46/M Brain tumor craniotomy, Contraindication to anti- Minimal edema Normal Excellent, died at 7 mo 
phlebits, pulmonary coagulants of cancer 
artery emboli 
Lung carcer, severe Contraindication to anti- Little to none Died in hospital, coinci- 


No edema Essentially normal 


Leg trauma, pulmonary Repeated emboli, compli- Edema controlled, elastic Edema controlled, elas- 
artery 2mbolus, gas- cation heparin sodium, stocking tic stocking well 


Deep venous thrombo- Repeated emboli despite Transient edema 


Mild edema 






4 
LA ple 





















Excellent, alive with 
cancer 


Normal 






















Excellent, died at 8 mo 
of chronic lung dis- 
ease 


Excellent, died at 5 mo 


Normal 
































Normal Excellent, living and well 

















































dental arterial embo- 
lus 


Excellent 




























Died 3 wks after abdom- 
inal surgery for can- 
cer 


Excellent, living and 









































Excellent, living and 
well, returned to work 

Two weeks postopera- Still in hospital 

tively: mild edema 


















COMMENT 


The advantages of transvenous inferior vena cava occlu- 
sion with use of the Hunter-Sessions balloon are several. 
Venous interruption can be done with the patient under 
local anesthesia, with a minor surgical procedure. Critically 
ill patients tolerate balloon oeclusion without difficulty. 
The balloon adapts to any size inferior vena cava. Accurate 
placement is achieved because of the provision in the 
device for venography. Secure fixation of the balloon in the 
distensible vena cava is easily done and verified. The 
absence of sharp points or pins perforating the venous wall 
makes simultaneous anticoagulation safe and makes 
migration or injury to retroperitoneal structures unlikely. 
Lower extremity morbidity is acceptable and long-term 
results are good.' The method effectively prevents pulmo- 
nary emboli. 


Materials for this study were provided by Barlow Manufacturing Corp, 
Hinsdale, Ill. 
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e Parasitic infection of the biliary tree may be seen more 
frequently because of changing patterns in travel, and may come 
to the attention of the surgeon when obstruction or secondary 
bacterial infection occurs. In this case, intraoperative cholangio- 
graphy indicated common duct abnormalities, and choledocho- 
tomy led to the diagnosis of Clonorchis sinensis. A recommen- 
dation is made to follow up patients with biliary parasite infec- 
tions to determine the long-term sequelae. 

(Arch Surg 114:748, 1979) 


oe that infect the biliary tree include Clonorchis 
sinensis, Ascaris lumbricoides, and Fasciola hepatica, 
and are not often seen in Western countries. 


REPORT OF A CASE 


A 36-year-old woman from Hong Kong with postprandial right 
upper quadrant abdominal pain was found to have multiple opaque 
calculi in a nonfunctioning gallbladder. The history, physical 
examination, and liver function studies were otherwise unremark- 
able. 

At laparotomy, a small, scarred gallbladder containing calculi 
was removed. Cystic duct cholangiography of the visually and 
palpably normal common duct showed persistent filling defects in 
the common duct. 

Choledochotomy produced four black 20 x 8-mm live C sinensis 
worms. After clearance of the common duct, a T-tube was placed, 
and intraoperative T-tube cholangiography showed no further 
abnormalities. The postoperative course was unremarkable. 

Two weeks postoperatively, T-tube cholangiography demon- 
strated new defects within the common bile duct consistent with 
worms of C sinensis. Image intensification demonstrated several 
areas of narrowing in the biliary radicals (Figure). No additional 
treatment was recommended by the infectious disease consultant; 
the T-tube was removed, and the patient remains asymptomatic 
one year later. 


COMMENT 


Clonorchis sinensis and its relative Opisthorchis are 
most commonly seen in Asia and Eastern Europe. Infection 
occurs when inadequately cooked, fresh water fish are 
eaten; the worms hatch into the duodenum and migrate 
into the biliary tree where they derive nourishment from 
the epithelium. Biliary de-epithelialization and adenoma- 
tous hyperplasia are known to result, and may contribute 
to the high incidence of sclerosing cholangitis and cholan- 
giocarcinoma seen in the Orient. 

Biliary parasites come to the attention of the surgeon 
when obstruction and secondary bacterial infection occur. 
That parasites are the inciting factor is not often appre- 
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T-tube cholangiogram two weeks postoperatively 
with new filling defects (short arrows) and 
narrowing of biliary radical (long arrow). 


ciated; in the case we report, the common bile duc: was 
visually and palpably normal, and the intracperative 
cholangiogram played a key role in suggesting common 
duct pathelogy. 

Biliary obstruction can be dealt with by choledochctomy 
and clearance of the biliary tree. However, there is no drug 
regimen cf proven value to eradicate C sinensis, and as 
seen in this case, worms continue to infect our patient. 
Clonorchis sinensis is suspected of serious sequelae in the 
Orient“; indeed, biliary tree narrowing is seen with image 
intensification in the Figure, and is thought to be se-ond- 
ary to the worm infection. 

Long-term follow-up of patients with parasitic biliary 
infeetions is recommended to determine the sequelae of 
these infections and to assess if more extensive dra nage 
of the common bile duct will be needed. 
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Techniques 


x A Safe and Secure Technique of 


Cystie Duct Catheterization 


Mansur Taufic, MD 


* An easily fabricated, small-caliber, flare-tipped polyethylene 
catheter was used for transcystic duct cholangiography in 385 
patients. A modified cystic duct clamp and a Potts-Smith scis- 
sors have expedited the intubation. The catheter has proved to 
be a versatiie teol during biliary surgery, being used in different 
technical maneuvers. Its value as a transcystic duct drain has 
been demonstrated in a selected group of patients. 

(Arch Surg 114:749-751, 1979) 


L recent years, the availability of improved teehniques 
for the -njection of contrast material into tke cystic 
duct has contribused to increased acceptance of routine 
intraoperative cho«angiography. Since Mirizzi' first used a 
metal cannula fcr transcystic cholangiography, many 
modifieations have been described,’ including the use of 
catheters, tubes, needles, and cannulas, which are secured 
in the cystic duct by means of special clamps, clips, or 
ligatures. 

A rapid, safe, and secure method for cystic duet cathe- 
terization usmg an inexpensive, easily manufactured, 
flare-tipped polyethylene catheter is described. This tech- 
nique has evo'ved from one previously described? and has 
now been used in « series of 385 patients with cho-ecystec- 
tomy. 


MATERIALS 


The catheter is made from a 40-cm long piece of polyethylene 
(PE-100) tubing. The distal end of the tubing is flared bz heating 
it with an alcohol flame or the flame of a match. A 20-m. syringe 
with a blunt 21-gauge needle is filled with dye and conaected to 
the proximal end of the catheter. A modified cystic duct clamp 
with two holes—one | mm and the other 3 mm in diameter— drilled 
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into its eurved end and a Potts-Smith scissors complete the basic 
set of instruments. 


TECHNIQUE 


Catheterization is carried out after the cystic duct and artery 
are isolated and occluded with hemoclips, the gallbladder is 
separated from the liver, the cystic artery is divided, and the cystic - 
duct is skeletonized. A cutdown is made in the cystic duct with a 
Potts-Smith scissors, which is also used immediately to dilate the 
lumen of the duct, if it is narrow. The catheter tip, held snugly in 
the smaller hole of the clamp, is inserted through the cystic duct 
into the common duct (Fig 1,a). Before insertion of the catheter, 
air bubbles are dispelled by gently pressing the plunger of the 
syringe, allowing dye to spill onto a gauze placed in the area. 

Once inserted, the catheter is held in the cystic duct by the 
larger hole of the clamp (Fig 1,b). The first “throw” of 2-0 chromic 
catgut is placed around the cystic duct, the clamp is removed, the 
ligature is completed, and its ends are tagged. Some bile is 
aspirated into the catheter, and the catheter is pulled until its tip 
impinges on the ligature. The gallbladder is removed, dye is 
injected, and cholangiograms are obtained (Fig 1,c). After cholan- 
giography, the cystic duct is ligated with a No. 2-0 chromic catgut 
ligature or oecluded with a clip that is placed flush with the 
common duct; the excessive portion of the cystie duet stump is 
then removed along with the catheter (Fig 1,d). 


COMMENT 


Failure to intubate due to stenosis or complete obstruc- 
tion of the cystic duct occurred in six patients. Introduction 
of air bubbles in the bile ducts was observed in three 
instances, catheter displacement in one, and dye extrava- 
sation in another. Trauma to the common duet did not 
occur. 

The following factors contributed to successful intuba- 
tion: the small diameter of the catheter; straightening of 
the cystie duct during intubation by applying traction on 
the gallbladder; proper dissection of the cystic duct, allow- 
ing the cutdown to be made in the distal segment, which is 
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Fig 1.—Cystic duct catheterization for intraoperative cholan 
through cutdown in distal portion of cystic 


giography: (a) intubation is carried out 
duct, with catheter h 
clamp; (b) catheter is held in cystic duct by 


eld in smaller hole of modified cystic duct 

larger hole of clamp while ligature is applied around duct; (c) 

flared tip of catheter is withdrawn into cystic duct stump before injection of dye; and (d) cystic duct is 

ligated close to common duct, excessive portion of cystic duct is removed along with catheter. 

Fig 2.—Left, Operative transcystic preexploratory cholangiogram showing two ston 

Right, Normal postoperative. cholangiogram à 
my. 


fter choledocholithotomy and prim 


es (arrows) in common duct. 
ary suture of choledochoto- 
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usually deprived cf Heister's valves; gentle dilation of 
narrow cystic ducts, using the Potts-Smith scissers; the 
relative stifness of the polyethylene tubing, which 
prevents buckling and precludes obliteration of the lumen 
by the properly applied ligature; and the smooth, flared 
catheter tio, whica prevents trauma and dislodgement. 
Also helpful was the use of the modified cystic duc: clamp, 


whieh steacies the catheter during intubation and during . 


applicatien of the | gature on the cystic duct. Althoagh this 
clamp has saostitu-ed for the ligature when the cystic duct 
is shert and deep-seated, this practice is not favored 
because the radiopaque instrument might interfere with 
the quality ef the *hclangiograms and it does not permit 
safe and free manipulation of the catheter. Anchocing the 
tip of the catheter in the cystic duct stump during roent- 
genographie exposure prevents distortion on the cholangio- 
grams and allows determination of the course anc length 
of the cystic duct remnant (Fig 2, Left). 

The versatility o^ the catheter described herein Las been 
proved in s»veral cther ways. As a landmark, the eatheter 
aids in the pa pation of the common duct and in ocating 
the papilla of Vate-; it is used in postexploratory oderative 
cholangiegrapnhy for the injection of saline solution to 
remove air bubbles frem the biliary tree and T-tub» before 
the instillatier cf contrast medium; and when connected to 
a modified Doubibt sphincterotome, the catheter facili- 


tates division and biopsy of the sphincter of Oddi trough a 


small duedenotom;. 

More impcrtantly, the catheter has been used as a drain 
for obtaining pestaperative cholangiograms end for 
decompressing the biliary system during cholecystectomy 
that has been combined with ductal procedures, such as 


choledochotomy aad choledocholithotomy with orimary 


choledochorrhaphy, eholedoehoduodenostomy, and trans- 
duodenal sphincterotomy (Fig 2, Right) Postoderative 
. transeystic cholanziograms taken in the Department of 

Radiology, with the aid of image amplification an1 televi- 
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sion monitoring has warranted a more complete anatomie 
and dynamic study of the biliary ductal system. The 
quality of cholangiograms obtained by this method has 
been superior to that of cholangiograms taken with a 
T-tube. ! : 

The T-tube ereates distortions and artifacts (air bubbles) 
in the bile duct shadow and allows excessive bile drainage. 
Despite its small caliber, the transcystie duet catheter has 
proved to be adequate for short-term drainage of the 
biliary system, contributing both to the alleviation of 
biliary hypertension occurring from manipulation of the 
sphincter of Oddi and to the prevention of seepage in the 
suture line. | 

Since 1969, transcystic duct choledochostomy has been 
used in 48 patients. The technique is simple. The proximal 
end of the catheter is readily exteriorized with a 13-gauge 


needle inserted through the abdominal wall; the catheteris — 


anchored to the skin and connected to straight drainage. 
Removal of the catheter is accomplished by simultaneously 
pulling and rotating it. While the tube has been in place, or 
during its removal, patients have had minimal or no 
discomfort. Dislodgement of the catheter from the cystic 
duct stump has occurred in three patients, but this was 
inconsequential. No complications, such as bile leak 
through the primary closure of the choledochotomy or 
through the cystic duct opening, have been observed. The 
eystic duct remnant, a potential source of complications, 
has been eliminated by adequate excision of the distal 
cystic duct prior to applying a permanent ligature around 
it. 
References 
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è Transvenous placement of a Mobin-Uddin vena cava 
umbrella filtrer is a safe and effective method of vena cava 
interruption in high-risk patients who cannot undergo laparoto- 
my. When the renal veins enter the vena cava acutely, there may 
be preferential passage of the filter insertion device into the 
aberrant renal veins. If the usual maneuvers of changing the 
patient's position do not correct this aberrant passage, then a 
venous thrombectomy catheter may be used to temporarily 
occlude the vein orifice. This technique avoids the problems of 
incorrect placement and abandonment of the transvenous 
approach to vena cava interruption. 

(Arch Surg 114:752-753, 1979) 


P the course of placement of a Mobin-Uddin vena cava 

umbrella filter, great difficulty is occasionally encoun- 
tered with entry into aberrant renal veins.' The capsule 
containing the collapsed umbrella filter may repeatedly 
and preferentially enter the right, or less commonly, the 
left renal vein rather than passing down into the infrare- 
nal cava. This is likely to occur if one or both renal veins 
enter the inferior vena cava more acutely than normal, as 
with ptotie or pelvie kidneys? or when the inferior vena 
cava is substantially displaced by aneurysm or tortuosity of 
the aorta or by other retroperitoneal mass lesions. Such 
aberrant passage is usually obvious on fluoroscopy. The 
applicator catheter and capsule deviate from a straight 
path and cannot be further advanced freely. Intraoperative 
venography performed through the applicator angiogra- 
phy catheter may be diagnostic of renal vein cannulation.” 
If this aberrant position is not appreciated and the cava 
umbrella filter is released in the renal vein, the twin 
disasters of acute renal vein thrombosis’ and failure of 
interruption of the inferior vena cava will result. 

We describe a simple maneuver to overcome the techni- 
cal diffieulty of persistent entry of the unit into the renal 
veins. 

The initial maneuvers include turning the patient from 
side to side as much as possible to aid passage into the 
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. Avoiding Renal Vein Entry When Implantins 
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Fig 1.—Diagrammatic representation of usual anatomy and catheter 
applicato- positioning for vena cava filter umbrella insertior. 





infrarenal cava. The catheter may also be removed and a 
slight bend made in the stylet. If these attempts fail, then 
the applicator and capsule should be withdrawn abcve the 
level of the renal veins. A no. 8 Fogarty venous thrombec- 
tomy catheter is then inserted through the original right 
internal jugular vein cutdown and guided into the inferior 
vena cava. 

The venous thrombectomy catheter will usually enzer the 
aberrant renal vein preferentially. The balloon is then 
inflated and the catheter withdrawn until the proximal 
margin cf the inflated balloon is at the estimated junction 
of the reaal vein with the vena cava, usually at the level of 
the body of the second lumbar vertebra. 

The applicator catheter and capsule is then readvanced. 
Now, with the orifice of the renal vein blocked, the capsule 
will reacily pass into the infrarenal vena cava. Correct 
positioning of the capsule in the infrarenal vena cava can 
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Fig 2.—Diagrammatic representation of renal vein entry during 
attempted passage insc infrarenal vena cava. 


be verified either by advancing into one of the iliac veins or 
by intraoperetive venography.'* The venous thrombecto- 
my catheter is rempved once the filter has been securely 
engaged in -he inferior vena cava.’ 

Figures 1 to 3 d agrammatically represent the normal 
passage of tae vema cava umbrella filter, the aberrant 
passage into an acately angulated right renal ve n, and 
finally the techniqae described for correction w th the 
venous thrombectomy catheter now blocking the orifice of 
the right reaal veir- | 

Using this technijue, we have avoided renal vein place- 
ment and nave nət had to resort to laparotomy for 
approach to the inf-arenal vena cava in our patients with 
aberrant entry of tae renal veins into the vena cava. 

The use of a J-shaped transfemoral radiopaque angiog- 
raphy catheter to partially block the renal vein orifices has 
been previously deseribed." In our opinion, that approach 
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Fig 3.—Diagrammatic representation of technique to avoid reen- 
try into acutely angulated right renal vein. Fogarty venous throm- 
bectomy catheter now blocks entry of orifice of right renal vein, 
and catheter applicator and capsule pass into infrarenal vena 
Cava. 


not only requires simultaneous manipulations through two 
widely separate operative fields, but also could lead to clot 
dislodgement and pulmonary embolization if ileofemoral 
thrombi were present. 
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Calendar of Events 


1979 


June 


American Society of Colon and Rectal Sur- 
geons, Hyatt Regency Hotel, Atlanta, June 
10-14. Contact the administrative secretary, H. 
Gibson, 615 Griswold, Suite 516, Detroit, MI 
48226. 

American Orthopaedic Association, Doral 
Beach, Puerto Rico, June 18-21. Sec: Richard 
E. King, MD, 444 N Michigan Ave, Chicago, IL 
60611. f 

American Medical Association, Annual Conven- 
tion, New York, June 23-29. For information 
contact James H. Sammons, MD, Exec VP, 
AMA, 535 N Dearborn St, Chicago. 


- Society for Vascular Surgery, Opryland Hotel, 


Nashville, Tenn, June 28-29. 

International Cardiovascular Society, Opryland 
Hotel, Nashville, Tenn, June 29-30. Sec: 
William Fry, MD, 5323 Harry Hines Blvd, 
Dallas, TX 75235. 


September 


American Association of Obstetricians & Gyne- 
cologists, Sept 5-8, The Homestead, Hot 
Springs, Va. For information contact Secreta- 
ry, Dr E. L. Makowski, 4200 E Ninth Ave, 
Denver, CO 80220. 

Second Biennial Leadbetter Symposium, '"'Sex- 
ual Dysfunction and Reproductive Biology," 
Sept 6-8, University of Minnesota. For informa- 
tion contact U of Minnesota Continuing Medi- 
cal Education, Box 293 Mayo Memorial Bldg, 
Minneapolis, MN 55455. 





American Association for the Surgery of Trau- 
ma, Sept 13-15, Drake Hotel, Chicago. 


October 


Association of Military Surgeons of the US, Oct 
2-6, San Diego. For information contact Exec 
Dir W. Welham, MC USN Ret, PO Box 104, 
10605 Concord St, Kensington, MD 20795. 

American Academy of Otolaryngology, Oct 7-11, 
Convention Center, Dallas. Exec VP: C. M. 
Kos, MD, 15 Second St SW, Rochester, MN 
55901. 

American Society for Plastic and Reconstruc- 
tive Surgery, Oct 7-12, Toronso. Contact 
ASPRS Executive Office, 29 E Madison, Suite 
800, Chicago, IL 60602. 

American Society of Anesthesiolegists, San 
Francisco, Oct 20-24. Contact the executive 
secretary, J. W. Andes, 515 Busse Hwy, Park 
Ridge, IL 60068. 

American College of Surgeons, Oct 22-26, 
Chicago. Contact Edwin Gerrish, MD, ACS, 55 
E Erie St, Chicago, IL 60611. 


November 


American College of Chest Physicians, Nov 4-8, 
Houston. Contact ACCP, 911 Busse Hwy, Park 
Ridge, IL 60068 

Western Surgical Association, Nov 11-14, The 
Broadmoor, Colorado Springs, Celo. Contact 
Secretary Paul Hodgson, MD, University of 
Nebraska, Omaha, NE 68105. 

Association for Academic Surgery, Nov 13-15, 
Bond Court Hotel, Cleveland. For information 
contact Secretary, E. Sugarbaker, MD, Univer- 
sity of Miami School of Medicire, PO Box 
016310, Miami, FL 33101. 


eee ee ——— ————— 


News and Announcements 


News and Announcements: The Edi- 
tor will be pleased to receive for publi- 
cation brief notices of meetings, semi- 
nars, or symposia which are of inter- 
est to the readers of the Archives. News 
items of appointments, promotions 
and developments in the field of 
surgery and related disciplines are 
invited. 


Dr Miller Appointed.—Leonard Mil- 
ler, MD, has been appointed chairman 
and John Rhea Barton Professor of 
Surgery at the University of Pennsyl- 
vania School of Medicine. At the same 
time, Dr Miller has been named chief 
of surgery at the Hospital of the 
University of Pennsylvania and direc- 
tor of the Harrison Department of 
Surgical Research. The new chairman 
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received his MD degree from the 
University of Pennsylvania and his 
undergraduate degree from "ale Uni- 
versity. After completing an intern- 
ship and residency at the Hespital of 
the University of Pennsylvania, Dr 
Miller was awarded fellowshios by the 
National Institutes of Health and the 
American Cancer Society. 


Revised  Guidelines.—The revised 
Guidelines for Training in Castroin- 
testinal Endoscopy, prepared by the 
American Society for Gastroiatestinal 
Endoscopy and approved by members 


of the Federation of Digestive Dis- 


ease Societies, are now available from 
the Exeeutive Office of A/S/G/E at 
the following address: Suit» 620, 6 
Beacon St, Boston, MA 0210*. 


Calendar /News 
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in depth studies 
of the health 

care systems of 
Britain and France 


How they operate 

and what they mean 
to users and to people 
who work in them. 


Britain's health care system is pre- 
dominantly nationalized. France of- 
fers its citizens a national health and 
social insurance plan. These compre- 
hensive references cover eaca system's 
evolution...operation...application... 

problems...achievements...and  per- 
sonnel. 


The French Health Care System 
(OP-460) costs $3.50; The British 
Health Care System (OP-461), $7.50. 
The set is $10. To order your copies, 
write Order Dept., AMA, 535 N. Dear- 
born St., Chicago, Ill. 60610. 
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Correspondence and Brief Communications 


Conservative Treatment of 
Appendiceal Peritonitis 


To the Editor—The study by Drs 
Edward L. Bradley and James Isaacs 
entitled “Appendieea’ Abscess Re- 
- visited" (Arct Surg 113:130-132, 1978) 
is well done and deserves commenda- 
tion. However, I would like to empha- 
size that it was not J. 8. Murphy who 
first advoeated subs»quent removal of 
the appendix after the conservative 
treatment of apperdiceal peritonitis, 
but A. J. Ochsner, wno eriginally advo- 
cated the corservacive treatment of 
this condition. 

The authors emphasize “the alarm- 
ing number of comolications” follow- 
ing dramage of am appendiceal ab- 
scess, athough there was only one 
death in the 36 eases so treated. Of the 
28 cases with comp-cations, 18 (50%) 
resulted from the »riginal infection. 
Ochsner and Percy in 1917' reported 
55 cases similarly treated long before 
antibiotics were evailable, with 4 
deaths (34%). Later this mortality 
was reduced to 22%. It must be 
emphasized that zs undesirable as 
complications are, they are much 
better. As Murray and I stressed in 
1939, it is far better to have a living 
patient with complications than a 
dead one without. We also stated, 
“There is nothing tnat requires more 
careful supervision and greater surgi- 
eal judgment than the conservative 
treatment of apperdiceal peritonitis. 
The increased stram en the surgeon 
and his house staff is largely due to 
the fact that these patients live longer 
than the patients who are operated 
upon immeciately and live long 
enough to worry the surgeon over a 
longer period of time.” Although 
danger of a spreading peritonitis 
today is less than t was when A. J. 
Ochsner recommended nonoperative 
therapy for ruptured appendicitis, 
because of the availability of antibiot- 
ies one should no. disregard good 
sound surgical principles simply be- 
cause in many instances one can get 
by with doing an immediate opera- 
tion. After considerable clinieal expe- 
rience with this method of treating 
appendiceal appencicitis, I am con- 
vinced that it is lie-saving, permit- 
ting subsequent ireinage of the 
abscess if the inflemmatory process 
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does not resolve (many do) and an 
abscess develops. As originally em- 
phasized ky A. J. Ochsner, the therapy 
requires considerable judgment and 


putting the gastrointestinal tract at . 


complete rest by allowing nothing by 
mouth and by either repeated gastric 
lavage, which Ochsner advised be- 
cause gastric drainage was not avail- 
able at that time, or, preferably, by 
continuous gastric suction and allow- 
ing sufficient time to elapse for the 
inflammatory reaction to subside. 
Usually three to four months is suffi- 
cient, at which time the appendix 
should be removed and can be with 
little or nc risk. It is difficult for me to 
understand why Bradley and Isaacs 
had such 2 high incidence of complica- 
tions (19%) following the secondary 
procedure for appendix removal. Gen- 
erally after the lapse of three or four 
months, an acute inflammatory pro- 
cess has subsided, permitting removal 
of the appendix with little or no diffi- 
culty anc with minimal complica- 
tions. 

ALTON OCHSNER, MD 

New Orleans 


1. Ochsner AJ, Percy NM: A New Manual of 
Surgery, ed &. Chicago, Cleveland Press, 1917. 

2. Ochsner A, Murray S: Appendicitis. Am J 
Surg 46:566-£84, 1939. 


Rapid Abdominal Closure in Trauma 


To the Ed:tor.—The trauma patient in 
critical condition requires a rapid and 
secure operative closure. The tech- 
nique we use at Denver General 
Hospital incorporates principles yield- 
ing the strongest incision with the 
least likelihood of disruption. It also 
facilitates care of stomas, drains, and 
sumps, and promotes delayed primary 
closure in contaminated wounds. 

The peritoneum is left open. Buried 
retention sutures of No. 2 nylon are 
positionec 3 em apart, encompassing 
the linea elba and part of the rectus on 
each side and avoiding subcutaneous 
tissues (Fig 1). The linea is approxi- 
mated loesely with 1.5-cm bites of 
running O-polypropylene suture (Fig 
2). Retention sutures are tied sequen- 
tially as the polypropylene is placed to 
prevent a loop of bowel from being 
caught in the retention. Depending on 
the degree of contamination, the skin 


Fig 1.—Nylon retention sutures are placed 
to incorporate the rectus abdominus and 
avoid subcutaneous tissues. 


Fig 2.—The linea alba is closed with 
running polypropylene. Retentions are 
tied as polypropylene is placed to avoid 
trapping a loop of bowel. 





and subeutaneous tissues are either 
closed primarily or left open for 
delayed primary closure. 

We feel peritoneal closure is super- 
fluous.' Standard full-thickness reten- 
tion sutures exert force directly on 
moveable fat and skin, not on fascia 
that they are intended to support. 
Furthermore, bolsters and full-thick- 
ness sutures prevent optimal wound, 
drain, and stomal care. Buried reten- 
tion sutures alleviate these problems. 

The far-near (Smead-Jones) fascial 
closure is the strongest and most reli- 
able? particularly in contaminated 
cases. However, we have found it to be 
time-consuming. Our technique uti- 
lizes the same mechanical principle of 
placing wide bites into the rectus to 
direct the force of the suture medially 
on the fascia, coupled with alignment 
of the cut edge of the linea alba. 

S. C. ELERDING, MD 
F. D. MAnart, MD 
J. B. Moore, MD 

E. E. Moore, MD 
Denver 


l. Ellis H: Does the peritoneum need to be 
closed? Br J Surg 64:733, 1977. 

2. Tera H: Tissue strength of structures 
involved in musculoaponeurotie layer suture in 
laparotomy incision. Acta Chir Scand 142:349, 
1976. 
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Farquharson’s Textbook of Operative Surgery, ed 
6, edited by R. F. Rintoul, 963 pp, New York, 
Churchill Livingstone/Medical Division of Long- 
man Inc, 1978. 

One of the glories of the British 
educational system is the tutorial. 
Here, a seasoned professional guides 
small groups of students towards their 
final examinations. The advice may be 
collected and printed up for wider 
distribution. An earlier tutor in the 
Edinburgh School of Surgery, the late 


lamented Ian Aird, thus prepared his 


wonderful Companion to Surgical 
Studies, which covered a broad field of 
surgery (omitting orthopedics, per- 
haps in deference to Watson Jones’s 
classic text). Last published in 1957, it 
was criticized for its lack of illustra- 
tions. Farquharson, also from Edin- 
burgh, repaired this deficiency with 
his textbook containing over a thou- 
sand figures. Again a single author 
presents, “as far as possible, the whole 
subject of operative surgery in bal- 
anced perspective from the viewpoint 
of the general surgeon in training.” 
He wrote the fourth edition, published 
in 1969, but since then another surgi- 
cal tutor at Edinburgh, now practicing 
in Wales, has been responsible. The 
original format has been retained, 
along with many of the previous illus- 
trations, and “for the benefit of the 
developing countries...certain less 
frequently performed operations." 
Unfortunately, this book cannot be 
recommended, because too much of its 
content is out of date. An attempt has 
been made to keep the material 
current by interpolation but the 
emphasis too frequently remains that 
of a bygone era. This is particularly 
true of the illustrations and refer- 
ences. Important advances such as 
stapling, the use of metal clips, sugery 
for obesity, heart block, reflux gastri- 
tis or esophagitis with stricture, and 
preoperative manometry or Doppler 
determinations go unmentioned, 
while amputations receive 42 pages, 
infections of the hand, 16 pages, and 
varicose veins, 11 pages. Despite chap- 
ters on vascular surgery, cardiac 
surgery, and neurosurgery, ischemic 
cardiac disease gets only ten lines and 
carotid endarterectomy none, even 
though this commonly performed pro- 
cedure originated in Great Britain 25 
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years ago! End-to-end arterial recon- 
struction is shown (Hamilton Bailey, 
1944) using a threaded needle. The 
operation detailed for cancer of the 
breast is radical mastectomy, sup- 
ported by one of the half-dozen color 
illustrations, which is taken from 
Finney (1947); the "modifiec" opera- 
tion follows in fine print. The chapter 
on blood transfusions omits mention 
of component therapy. The abdomino- 
thoracic approach is recommended for 
carcinoma in the lower two :hirds of 
the esophagus. Only two operations 
are said to be available for dezompres- 


sion of portal hypertension, n esocaval 


and Warren shunts being ignored. 
MeVay's name does not appear in the 
chapter on hernia. 

These examples indicate that a new 
effort is needed if the traditional role 
of the Edinburgh School in surgical 
teaching throughout the world is to be 
continued in this way. It will be inter- 
esting to see whether yet another 
tutor accepts the challenge. 

RAYMOND C. RzAD, MD 
Little Rock, Ark 


Why Not Say It Clearly: A Guide to Scientific 
Writing, by Lester S. King, 168 pp, $595, Boston, 
Little Brown & Co, 1978. 


When I received this book, my first 
reaction was a query: Should the title 
have a question mark? Wher I noted 
the author's name, I concluded that 
the title must be correc. Long 
respected as an editor, author medical 
historian, and philosopher, Lr Lester 
King has written a book tha- reflects 
his many capabilities. Why Not Say It 
Clearly contains practical points for 
any writer, novice to professional. 
Fortunately, this is more than a "how 
to" book, whose shortcoming would 
have been emphasis on technique at 
the expense of perspective. 

As Dr King observes, the problem in 
medical publication is not simply the 
lack of clarity, but the dearth of value. 
A helpful friend or a good editor can 
salvage a poor paper if it has an 
original idea or important dzta. That 
the content of so many journzls comes 
from papers given at meet ngs en- 
sures a flood of material and a flow of 
mediocrity. Not every idea deserves 
airing at a scientific gathering and 
even fewer merit life throug’ print. 
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Since writing is an expression of 
personality, style varies inñnitely. Dr 
King or any other instructor can do 
just so much for a writer. Cne may be 
able to teach grammar, but to impart 
imagination or honesty is almost 
impossible. 

Dr King's book, though tke latest, is 
not the only guide to scientifie writ- 
ing. Also excellent are The Physician- 
Writer's Book: Tricks of the Trade of 
Medical Writing by R. M. Hewitt, WB 
Saunders, 1957, and Writing Scien- 
tific Papers in Englisa by M. 
O’Connor and F. P. Woodforc, Asso- 
ciated Scientific Publishars, 1975. 
Compared to those, Why Not Say It 
Clearly has a more literary quality. 

The reader appreciates the stimu- 
lating presence of Dr King Although 
19th-century medical writng might 
be criticized for its verbiage and disor- 
ganization, it had the virtue of reveal- 
ing the personality of the author. Most 
American journals today suffer from 
a malignant monotony arising from 
an inflexible fidelity to fcrm. Some 
zealous but misguided editors regular- 
ly turn out an insipid, lobotomized 
product. Perhaps if they and more 
authors perused Dr King’s 200k, with 


attention not only to its words but its 


music, scientific writing might be- 
come literature. For that to happen, 
however, the objective must be not 
just saying it clearly, but irteresting- 
ly, and trying to keep the "it" impor- 
tant. 

ROBERT M. GOLDWrn, MD 

Brookline, Mass 


Vascular Trauma, edited by Norman M. Rich 
and Frank C. Spencer, 610 pp, Philadelphia, WB 
Saunders Co, 1978. 


This is a splendid book taat should 
be owned by every doctor concerned 
with trauma. Surgeons, orthopedists, 
vascular surgeons and vascular radi- 
ologists, and emergency room physi- 
cians all will find answers to their 
many problems and questions. The 
only fault of the book, if it is irdeed a 
fault, is that it is really three books. 
The many reproductions of angio- 
grams show every conceivable zype of 
injury in almost every artery in the 
body, and could be collected as an 
Atlas of Angiograms of Vascular 
Trauma. A shorter, "how-tc-do-it" for 
a quick reference by busy residents 
could come out of the wealth of the 
authors’ experience. 

Busy surgeons may skip the histori- 
cal section, but the dramatic quota- 
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tions at the beginning of each chapter 
from the bold and observant surgeons 
of yesteryear will be enjoyed. The 
physiology and pathology are de- 
scribed and il ustrated in great detail. 
Genera! principles are fully discussed 
in early chapters and reemphasized 
later in the sections describing types 
of injuries and lesions, and in the 
subsequem el apters on injuries of the 
arm, leg, neck, chest, and abdomen. 
Each regional chapter (for example, 
the chapter on popliteal injury) pre- 
sents a discussion of the anatomy, 
surgical expesure, special problems 
and special types of injuries diagno- 
sis, and operation in great detail. 
Everywhere the au-hors compare and 
contrast the extensive experience in 
Viet Nam and otber military zones 
with the experienee garnered from 
treating ctvil-ans. 

The authors are unnecessarily mod- 
est about their own contributions, 
which surely deser-e more emphasis. 
Dr Rich correetl- spells vascular 
spasm, “C-L-O-T.” An alleged spasm 
that causes severe arterial insufficien- 
ey must be verified by arteriogram or 
surgical exp.oratim. They describe 
the drastic cavitatienal effects of high 
velocity bullets, effects more fre- 
quently encountered now as civilians 
buy the newer high-powered rifles. Dr 
Rich and his associates were the first 
to emphas ze repair of popliteal veins. 
This may be difficult but & worth- 
while beczuse repair of the popliteal 
veins prevents massive edema and 
improves the salvage of these legs, 
even if the venous repair stays open 
and funetions only a few days. 

Some of the gems that are buried in 
detail and the traps for the unwary 
surgeon might be displayed more 
prominently. Arterial contusion and 
intimal camage without complete 
thrombos:s may be evident by only a 
tiny blue discoloration at the origin of 
a small branch. Thedescriptiens of the 
injuries from Fogarty catheters and 
diagnostie intra-arverial catheters are 
useful warnings. The authors discuss 
the unsolved problems that still chal- 
lenge ourbest judgment: When should 
we give up a limb? How muck debride- 
ment fer shotgun wounds? When does 
restoration cf caretid flow cause or 
worsen hemorrhagic cerebral in- 
farets? These and ether problems are 
fully diseussed, but obvieusly no 
doctrine is infallible. Drs Rich and 
Spencer emphasize the use of opera- 
tive arteriegraphy, reminding us 
again that back-bleeding is an unreli- 
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able sign. Routine use of the Fogarty 
eatheter before repair frequently 
yields unsuspected distal thrombi and 
might even be called the "poor man's 
arteriogrem.” The use of the Doppler 
velocity probe is quite common now 
after vascular operations, and its use 
in the diagnosis of arterial injury 
should be encouraged. Doppler veloci- 
ty wavefcrm tracings will reveal inti- 
mal damage and nonobstructing clots 
when dis-al pulses are still palpable 
but the ears miss the subtle changes in 
Doppler signals. These and other 
aspects of Doppler diagnosis of arter- 
ial injury will need fuller treatment in 
the next edition. In conclusion, Dr 
Rich points out the usefulness of 
temporary external silastic shunts to 
restore flow when repair is delayed 
for extensive debridement, fixation of 
fractures. ete. Residents who use 
these shunts daily for vascular access 
procedures should know this and 
remind tne attending or chief resi- 
dent. 

Again, a splendid book! The most 
complete, up-to-date book for sur- 
geons comcerned with vascular trau- 
ma. 

FaLLs B. HERSHEY, MD 
St Louis 


The Infect-on-Prone Hospital Patient, edited by 
John F. Burke and Gavin Y. Hildick-Smith, 252 
pp, Boston, Little Brown & Co, 1978. 


Severe bacterial infection continues 
to be a persistent threat to the hospi- 
talized patient. It has long been recog- 
nized that alterations in host 
resistance play a major role in deter- 
mining she outcome of bacterial 
contamination and infection. Thera- 
peutic measures that support or 
restore ratural host resistance are 
likely to be an important step in 
preventing or treating infection. This 
monograph is a compilation of 16 
reports presented before a recent 
symposium on infection in the hospi- 
talized patient, held under the aus- 
pices of -he Harvard Medical School 
and the Shriners’ Burn Institute. 
Resumption of research in the area of 
host defense mechanisms, after near- 
ly 30 years of relative neglect, has 
improved the understanding of abnor- 
malities in host resistance. This 
volume is a welcome, concise, and 
readable apdate of the findings in this 
active area of research. 

The first three chapters review the 
roles of neutrophils, macrophages, and 
lymphocytes in host resistance. Poly- 
morphonuclear neutrophil function is 


probably best understood. Factors 
influencing the microbicidal function 
of polymorphonuclear neutrophils and 
the clonal theory of T and B lympho- 
cyte specialization and its relation to 
immunity to infection are presented 
in detail. 

A discussion of active and passive 
immunization for Pseudomonas aeru- 
ginosa infection is particularly well 
done. Human serum transfer factor 
(HTF) has engendered much atten- 
tion, particularly in its potential for 
reversing anergic states. The current 
status of research concerning HTF is 
reviewed, and synthesis of these 
active particles may soon be possible. 

The identification and repair of 
abnormalities and host defense mech- 
anisms is a difficult task. Alexander 
and co-workers present a clear discus- 
sion of progress in this area and 
outline the four currently available 
modalities for accomplishing repair of 
altered host resistance: (1) nutritional 
support, (2) component hemotherapy, 
(3) immunization, and (4) the use of 
immunopotentiators. 

Defects in host defense in neonates 
and children with congenital immu- 
nodeficient states are discussed in 
more detail than is of interest to most 
clinicians, especially surgeons. Re- 


search in children with kwashiorkor 


and marasmus has defined abnormali- 
ties in T cell function and complement 
levels. The relationship between mal- 
nutrition and acquired, reversible im- 
munologic defects is presented. 

Individuals with acute leukemia are 
particularly prone to infection. The 
use of a combination of protected 
environments and prophylactic anti- 
biotic therapy is reported and 
discussed. This protocol has been 
shown to have beneficial effects in the 
individual undergoing remission in- 
duction therapy. Immunosuppressive 
therapy and renal transplant affect 
both specific humoral and cellular 
immunity. Progress in understanding 
these alterations is discussed. 

Local wound factors play an impor- 
tant role in influencing the incidence 
of infection. The value of having a 
wound-influencing agent present at 
the time of likely contamination has 
both experimental and clinical sup- 
port. The experimental and concep- 
tual basis for the early support of 
natural host resistance is presented 
clearly and concisely by the chief 
editor, John F. Burke. 

Total hip replacement is associated 
with an unusually high rate of infec- 
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tion for a clean procedure. Factors 
responsible for such infections and the 
means of prevention are attended to 
very well by the authors. 

Studies have indicated that opera- 
tive therapy for malignant disease is 
associated with an increased incidence 
of infection. Data supporting the use 
of prophylactic antibiotic therapy in 
this patient group are impressive and 
should reinforce the need for antimi- 
crobial prophylaxis in such cases. 

The last two chapters will un- 
doubtedly excite controversy. Treat- 
ment of the traumatie wound that 
involves antimicrobial agents admin- 
istered for topical and systemic 
effects, frequent intraoperative 
changes of sterile instruments, re- 
draping, and extensive debridement is 
presented. Another concept presented 
is the administration of high-nitrogen 
loads to offset protein catabolism in 
the trauma patient. Unfortunately, 
the authors of these two chapters 
present no data to support their point 
of view, and the references are 
scanty. 

As a whole, this monograph pre- 
sents a current and concise review of 
factors leading to alterations and host 
resistance. Immunologic concepts are 
discussed in a way that is clear and 
uncluttered by the confusing detail 
found in so many other reviews. The 
physician caring for the patient with 
altered states of host resistance 
should find this monograph a valuable 
update. 

HiRAM C. POLK, JR, MD 
MICHAEL FINN, MD 
Louisville 


Pain—New Perspectives in Measurement and 
Management, edited by A. W. Harcus, R. B. 
Smith, and B. A. Whittle, $23, 101 pp, New York, 
Churchill Livingstone, 1978. 


This volume is a collection of short 
reports read before a symposium in 
May 1977, and published less than a 
year later. It deals, in the main, with 
the evaluation and use of opiate ago- 
nist and antagonist drugs in the 
management of acute pain in trauma, 
ureteral colic, and myocardial infarc- 


tion, and postoperatively. As back- 


ground to these discussions, the prob- 
lems of cardiocirculatory and respira- 
tory depression inherent in various 
agents and their potential for abuse is 
discussed. A brief statement of some 
of the more recent developments in 
the field of endogenous opioid com- 
pounds is presented in an essay by 
Dr H. W. Kosterlitz. Several short 
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chapters deal with the management of 
pain in patients who are terminally ill 
and cared for either in specia! hospital 
units or at home. The emphesis is on 
adequate and frequent administration 
of narcotic analgesic agents and on 
personal interaction among physi- 
cians, nursing staff, and patients. The 
phenomenon of the pain clinic, wheth- 
er primarily as an out-patient unit or 
as a combined out- and ir-patient 
unit, is touched upon. | 

Some interesting and rather uncon- 
ventional techniques for pair. control 
are discussed, including an automatic 
infusion apparatus with which pa- 
tients may regulate the dcse of a 
narcotic analgesic to the poirt where 
optimal analgesia is achieved the use 
of a mixture of 50% nitrous oxide and 
50% oxygen in the emergency treat- 
ment of the pain of acute traama and 
myocardial infarction, use of intrave- 
nous lidocaine infusions to control 
pain in those patients in iatensive 
care units who are intubated and on a 
respirator, and the use of small cryo- 
surgical probes for freezing o^ periph- 
eral nerves to achieve temporary, but 
prolonged, analgesia. Surgical tech- 
niques as such are not discussed. 

The properties and some uses of a 


relatively new narcotic agonist/an- 


tagonist agent, buprenorphine, are 
presented. This agent is onc of the 
results of a long-continued effort to 
synthesize a narcotic agonis! /antag- 
onist molecule that in practice would 
be minimally abused by the addict 
population. While the point `s made 
that any drug can be abused, bupre- 
norphine showed minimal abuse po- 
tential when tested in post-addicts, 
and it was found not to suppress the 
morphine abstinence syndrome, sug- 
gesting further that it would in all 
likelihood not be preferred by opiate 
addicts. Physical dependence was pro- 
duced, and an abstinence syndrome 
could be produced by the administra- 
tion of nalorphine or naloxone. The 
abstinence syndrome fellowing 
abrupt withdrawal of buprerorphine 
is very mild at the start but becomes a 
bit more severe, though not strikingly 
so, 14 days after withdrawal In 
contrast to pentazocine, no psycho- 
tomimetic phenomena were roted on 
administration of the agent. 

The analgesic quality of buprenor- 
is comparable to that of 
morphine and is reversed by naloxone. 
It is somewhat longer actirg than 
norphine, that is, more than six hours. 
Cardiovascular effects are minor, and 





respiratory depressive effeccs are 
comparable to those seen on adminis- 
tration of meperidine. Euphoria or 
dysphoria is not noted, but major 
sedation is, as well as vomiting and 
nausea accentuated by movement. 
Effective doses are 0.3 mg adminis- 
tered intramuscularly and 4 pg/kg 
administered intravenously. 

The chapters are brief and medestly 
referenced. The serious student of the 
subject is probably aware of most of 
the contents of this book. At its price 
it will, and should, find a pace in 
libraries. 

ARTHUR Taus, MD 
New Haven. Conn 


Anatomy: Regional and Applied, ed 6, by R. J. 
Last, 598 pp, 526 illus, $35, New York, Churchill 
Livingstone, 1978. 

The appearance of yet another 
anatomy textbook is not exactly cause 
for great excitement. Although our 
knowledge of the human body has 
changed greatly since the time of 
Vesalius and Paré, anatomy textbooks 
have not. They are still about as excit- 
ing to read as a telephone directory 
and rival in originality a new edition 
of the Gideon Bible. Fortunately, 
Professor Last’s book can claim to be 
somewhat different. 

The merit of this book is simply that 
it is very well written and very read- 
able. Although there have been some 
well-written anatomy texts (see Mun- 
dinus’ Anothomia, written in 1316), 
they are few and far between. 
Granted, the nature of the beast does 
not exactly lend itself to excesses of 
wit, charm, and style. There are just 
so many ways that one can enliven a 
discussion of the gag reflex, the mech- 
anism of incontinence, or the organs 
of Zuckerkandl. Yet, there is no 
dictum that precludes anatomy text- 
books from being interesting as well 
as informative. 

Professor Last obviously shares this 
opinion. His many years as instructor 
and examiner at the Royal College of 
Surgeons have given him both a keen 
understanding of what applied anato- 
my will be most useful to future clini- 
cians and the skill to portray it 
concisely and effectively. Add tc this a 
dash of wit, an ounce of humor. and a 
good dose of helpful illustrations, and 
you get an informative, useful, and 
readable text. 

Some specifics will illustrate this. 
Last’s introductory section gives the 
reader a solid appreciation of the fact 
that the newborn and the child are 
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very different creatures from the 
adult animal. Al:houzh this may seem 
to be seltevidert to the accomplished 
clinician. it is & feature often over- 
looked Ly a less-sophisticated novi- 
tiate familiar only with adult materi- 
al. By emphasizing 1ynamic develop- 
mental change at the onset of the text, 
Last sets a solid base from which his 
functions] and appled approach can 
follow. 

Last’s cencern with applied anato- 
my also separztes this book from most 
other aratomy tex*books. His infu- 
sion of clinical information augments, 
without overwhelming, his structural 
and funetional descriptions. For ex- 
ample, ais repeated emphasis on 
lymphate drainage and nodal en- 
largement facilitates the understand- 
ing of ths complicated and often over- 
looked a-ea. In a similar manner, his 
diseussicns of carpal tunnel syndrome, 
vocal cond paralysis, or weakness of 
the female urozeni-al diaphragm, to 
mention a few, show the dynamics of 


structures all too o‘ten portrayed as 


static masses cf bone, cartilage, and 
muscle. 

Last also merits praise for the 
aestheti- and techn.ca! aspects of the 
book. Most sections of the text are 
generously illustrated, with many 
drawings by the author himself. My 
persona favorite is Last’s rendition of 
the triceps muscle drawn upon the 
stout arm of da "Vinci's voluptuous 
Leda. A:thougk not the most detailed 
illustration of the triceps, the figure 
does have other definite merits. 

There are & few pictorial weak- 
nesses that, however, should be 
attended to in future editions. The 
section on pelvis and perineum, for 

_ example, would hawe benefited from 
additional line drawings depicting 
coronal sectons. Anyone who has 
struggled through earning the struc- 
tures ef the urcgenital or pelvic 
diaphragms ean readily attest to the 
complezity cf these areas. Unfortu- 
nately, Last’s illustrations do not do 
them justice. 

As geod as tais textbook is, it is not 
without wesknesses. Although the 
fluidity of the text makes this a good 
choice for medica. students, a few 
notable faults severely limit its use- 
fulness for the advanced student, 
physician, or su-geon. Prominent 
among these is the absence of any 
refererces from this almost 600-page 
textboek. Uness one is willing to 
accept everything Professor Last has 
to say zs-gospel, the usefulness of this 
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book quickly diminishes. For example, 
although Last provides a detailed 
description of the structural anatomy 
of the foot. his functional interpreta- 
tion of the supportive mechanism of 
the arches places great emphasis on 
the active role of muscles such as 
flexor hallucus longus, tibialis anteri- 
or, or peroneus longus. He pays only 
nodding attention to the role of liga- 
ments and makes no mention of excel- 
lent electrcmyographic studies such as 
those by Basmajian, who dramatically 
showed the importance of ligamen- 
tous structure in arch support. Al- 
though disagreement over the mecha- 
nism of areh support does exist, Last’s 
failure to mention or reference other 
viewpoints limits the value of his own 
discussion. The addition of references, 
or at least of selected readings after 
each chapzer, would greatly enhance 
the value of the book. 

Yet, Last's Anatomy remains one of 
the best-written and most readable 
anatomy texts. Last’s ability to pre- 
sent difficult concepts in a lucid, 
concise, and interesting manner 
makes ths book well suited as an 
introductery text for medical stu- 
dents. Altnough the book is no threat 
to the best-seller list, it will keep the 
students' attention and, if they are 
not careful, infuse a bit of interest. 
Despite al of this praise, be warned 
that this book is not for everyone. The 
lack of amy references, bibliography, 
or description of current or controver- 
sial material would make this a poor 
choice for anyone above the beginning 
level who wishes to enhance his knowl- 
edge of basic anatomy. 

JEFFREY T. LAITMAN, PHD 
New York 


1. Basmajian JV: Muscles Alive, ed 4. Balti- 
more, Williams & Wilkins Co, 1978. 


A Manual of Thoracic Surgery, by Arndt von 
Hippel, 247 pp, $13.75, Charles C Thomas Publish- 
er, Springfield, Ill, 1978. 

The tite of this book is misleading. 
Dr von Hippel has put together a 
collection of essays on the care of 
patients who have problems that 
require zhe services of a thoracic 
surgeon. These essays, largely anecdo- 
tal, represent the summation of his 
experience. As such, there is much of 
value, es»ecially concerning the care 
of chest catheters and drainage sys- 
tems. He makes the point that simple, 
relatively foolproof systems are the 
safest, and that surveillance is re- 
quired fcr all available apparatus. In 


summary, use what you know well and 
with which you can do a good job. 

In this manual of thoracic surgery, 
surgery itself is conspicuously absent. 
Although specific tips are offered in 
the pediatric realm, the bulk of the 


treatment of adult pulmonary and — 


esophageal disease (such as cancer) is 
mentioned only casually. The surgeon 
in training will not learn when or how 
to do mediastinal node dissections for 
lung tumors, the various methods of 
esophageal replacement, the  pre- 
ferred maneuvers (or mechanisms 
involved) in the treatment of gastro- 
esophageal reflux, or the management 
of flail chest. However, he will learn 
how to deal with pleural space prob- 
lems. 

A few statements are made that I 
cannot substantiate from my own 
experience, such as the claim that 
pulmonary edema follows reexpansion 
of the lung or that ill effects are 
caused by chest tube suction. Dr von 
Hippel's description of the correct site 
for thoracentesis is not on a par with 
that of chest tube insertion. (Roent- 
genograms are not helpful unless one 
uses biplane fluoroscopy.) 

I was annoyed by the poor quality of 
both the editing and the organization. 
Although few typographical errors 
were evident, the alternating use and 
nonuse of articles (especially "the"), 
and other grammatical niceties, have 
allowed a rapid-fire, sometimes con- 
fusing, and often irritating flow of 
words that has the sound of stenotyp- 
ist's tapes backed by arm gestures. In 
the lecture room, this may be effec- 
tive. In a reference book or textbook, 
it is not. There is a repetitive and 
numbing quality about it. 

This volume is a successful compen- 
dium of certain aspects of the 
management of thoracic problems. As 
such, it is too long. Considered as a 
textbook of thoracic surgery, it is too 
short. 

JOHN M. HEAD, MD 
Boston 


Books Received But Not Reviewed 


Endoscopic Retrograde Pancreaticocholangiogra- 
phy by H. Anacker, H. D. Weiss, and B. 
Kramann, New York, Springer-Verlag, 1977. 


Handbook of Critical Care, by James Berk, 
James Sampliner, J. Sheldon Artz, and Barry 
Vineur, Boston, Little Brown & Co, 1976. 


Adominal and Vaginal Hysterectomy, by S, Joel 
Cohen Philadelphia, JB Lippincott Co, 1977. 
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The Management 
of Difficult 


Surgical Problems 


EDITED BY 
STANLEY J. DUDRICK, M.D., 
AND THOMAS A. MILLER, M.D. 










A timely review of surgical pro- 
cedures and results in the man- 
agement of difficult problems 
regarding: 

—The critically ill patient 
—Neoplasia 


— Gastrointestinal and endocrine 
disorders 


—Nutritional management of the 
Surgical patient 


—The acutely injured patient 


275 pages, illustrated, $19.95 


University of Texas Press 
Post Office Box 7819 Austin, Texas 78712 
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BETADINE Microbicides promptl kill 
cram-positive and gram-negative bacteria, 
tungi, viruses, protozoa and yeasts. 

BETADINE Microbicides have been 
cocumented specifically by name—and in the 
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thousands of clinical procedures. 
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Cy NASA for disinfection procedures i^ Apollo 
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The Surgeon and Postoperative 


Wound Infection 


he authors of the "Operating Room Symposium” arti- 
cles in this issue (p 771) address one of the vanishing 
ultimates in the patient's encounter with surgery— 
postoperative wound infe»tion. Hence, there is an empha- 
sis on infection rates following a surgical procedure, with 
the classic ingredients of disaster, ie, patients bardened by 
chronic disease; a deep wound that disrupts muscles, a 
joint, and two large bones; the implantation o? an action 
system of foreign bodies; and a wound lit:ered with 
Gevitalized tissue. The procedure is laborious and time 
consuming. Because hemostasis is difficult and dead space 
inevitable, some form of drainage may be invcked. 
Despite the complexity of hip arthroplasty, the main 
thrust in the articles is the documentation of the incidence 
of airborne contamination of the aseptic field and the 
description of the methodology for reducing or mitigating 
exogenous bacterial contamination. The impacts of several 
concepts are analyzed. These include threshcld sanitary 
ventilation to dilute airborne bacteria; unidirectional air 
flow, either horizontal or vertical, to sweep airborne bacte- 
ria away from hands, instruments, or the wound; garb to 
contain bacteria disseminated by personnel: ultraviolet 
barriers tc destroy airborne bacteria shed into che environ- 
ment; and finally, the eonsideration of the prophylactic 
effect of the intraoperative administration of antibiotics. 
Comparison of the efficacy of the various methodologies is 
attempted to justify a value judgment between them. 
Indeed, the tenor of the symposium is to demonstrate 
the best methedology fcr the control of airborne contami- 
nation Guring surgery. However, the postoperative infec- 
tion rate attributed to each of the methodologies is so low 
that long-term wound healing is free of infeczion in 99.4% 
of the patients. Hence, the statistician is hand pressed to 
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determine significant contrast between diverse technolo- 
gies. Almost uniform per primum healing of wounds 
occurred despite the number of variables unpredictably 
assembled for each of the 6,757 elective surgical procedures 
included in the series of articles. The unrecorded factors in 
each study that have an impact on wound healing include 
the biologic differences among patients, the rigor and 
detail of their selection, the disparity among surgical skills, 
the discipline in the operating room, the variation in the 
maneuvers of anesthesia and homeostasis, the occasional 
unsterile supply or medication, and the bioburden contrib- 
uted by each member of the surgical team. The latter 
include the circulator, anesthesiologist, transient techni- 
cians, and visitors. In most operating rooms, these factors 
are not controlled and cannot be duplieated in time or 
place. Each factor has been proved responsible for a cluster 
of postoperative wound infections in other contexts. Thus, 
which routine not mentioned by each of the contributors is 
probably of greater import than which environmental 
method is focused on as the cause for success. 

One report (Moggio et al, p 815) merits special attention 
because the authors added bacteriologic investigation to 
their statistical study. They sought the source of the 
bacteria isolated from the infected wounds. Such shoe 
leather sleuthing yields positive evidence that is elusive in 
Statistical studies of the dwindling residual or wound 
infections in hip arthroplasty. The demonstration of the 
endogenous source of bacteria in 77% of their postoperative 
wound infections is a constructive observation that 
dictates more incisive preoperative screening for occult or 
remote infection. It fits my experience that 80% of wound 
infections in clean cases stems from endogenous bacte- 
ria.’ 
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The same authors unwittingly define the role of the 
surgical team as a cause for infection. One surgeon estab- 
lished a base of zero infection in a series of 200 hip 
arthroplasties. Another surgeon had two infections in 80 
cases, 3.6 times the rate of the combined series of all the 
surgeons involved. Was there a carrier on his team? Nine 
surgeons (presumably residents) accumulated nine infec- 
tions in 200 cases, 6.6 times the rate of the series. The latter 
is the Lehrgeld of surgery. Patient population and training 
status are inescapable costs of learning traditionally 
accepted by society. 

An unnecessary component of Lehrgeld is the lack of the 
discipline that characterizes some surgical teams as 
compared with those dominated by a master surgeon. Even 
then, the impact is obvious by noting the outburst of 
conversation, hilarity, and rhythm that occurs after the 
master surgeon drops out. Self-indulgence so vigorous that 
it breaches any aseptic barrier reigns rather than behavior 
dedicated to the best interest of the patient. 

Two articles on complementary subjects deserve 
mention. The management of open fractures is the classi- 
cal challenge. The surgical principles emphasized by this 
author (Gustilo, p 805) add dimensions that are implicit in 
the other reports of the symposium. The results described 
merit envy. Wound excision rather than debridement and a 
relaxing incision diametrically opposite the traumatic 
wound may have permitted primary coverage of more 
fractures. 

Laminar airflow to prevent contamination of a "back 
table" seems a way of modernizing an archaic and unnec- 
essary technique (Fremstad and Welch, p 798). Insects, 
notably cockroaches and silverfish, are not banned by air 
currents. Ultraviolet radiation is less expensive and much 
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more effective. The back table invites the use of transfer 
forceps, 2 long-recognized hazard. It is my conviction that 
each patent has a right to containers of medications, 
supplies, and instruments that have been sterilized specif- 
ically for aim. Technology exists that is not burdensome in 
terms of inventory, convenience, or timeliness. The 
surgeon whose compulsions are soothed by a mound of 
instrumerts needs to refocus his priorities to concern for 
his current patient. 

In the f nal analysis, success is achieved by the surgeon 
who is cempelled by concern for his patient. Selection of 
that patient for surgery, the detail and sincerity of the 
preoperatwe preparation, the surgical skill applied, the 
discipline maintained are all crucial underpinnings of the 
various methodologies described to exclude exogenous 
bacteria from the wound. It is the conviction and determi- 
nation of the surgeon, his mastery of the exposure of his 
patient to all the procedures, both invasive and noninva- 
sive, of the hospital and operating room, and his devotion 
to the identification and eradication of occult or remote 
infection taat achieves success. There is no ultimate best 
that can b» expressed in terms of the hardware used to 
exclude exegenous bacteria. 

The indispensable component in suppressing postopera- 
tive wound infection remains the knowledgeable and 
skilled surgeon. He must organize and supervise the total 
care of eaca patient. His tools but embellish that effort! 

CARL W. WALTER, MD 
Boston 
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Symposium on the Operating Room Environment 


[Introduction 


Robert H. Fitzgerald, Jr, MD 


ithough the fear of "hospitalism" is past and the 
surgical petient no longer is "...exposed to more 
chances of death than the English soldier on tie field of 
Waterioo,"' the incidence of postoperative wound infec- 
tions ean be decreased. The adoption of Whitfield’s high- 
efficiency particalate air filtration with laminar airflow to 
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the operating rcom by John Charnley has introduced a new 
technique inte the surgeon's armamentariam. While 
surgeons await scientific evaluation of the various modifi- 
cations of unid rectional airflow facilities, emotional argu- 
ments about tke future rates of infection with use of this 
system discredit the profession. 

In this symposium, the various types of uridirectional 
facilities in use are described. The ability of these facilities 
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to lower airborne bacterial contamination in the operating 
room is well documented by the various authors. 
Will this lowered level of airborne bacterial contamina- 


_ tion of the operating room reduce the incidence of postop- 


erative sepsis? We all await the results of randomized 
prospective studies. In the interim, the concluding article 
of this symposium compares the incidence of deep sepsis in 
four institutions. Although it is not a combined multicenter 
study, it will permit surgeons to analyze the results of the 
various techniques discussed in this symposium. While this 
report suggests that a lowered infection rate can be 
achieved with vertical unidirectional airflow, it is prema- 
ture to draw definite conclusions. 
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Operating Room Environment—Fitzgerald 771 


Baa ai aid 
j 


py 


Operating Room Environment 


Microbiologic Environment of the 


Conventional Operating Room 


Robert H. Fitzgerald, Jr, MD 


€ Areas of potential contamination of the surgical wound in 
the conventional operating rooms include the back table, the 
unsterile suction receptacle, and the lack of a positive pressure 
relationship between the operating room and adjacent areas. 
Use of an impermeable hood with a large mask diminished 
contamination of the instrument table and the wound from fallout 
of bacteria from the surgical team. The level of airborne bacterial 
contamination in the operating room can be reduced by limiting 
the traffic and controlling the activity and the number of operat- 
ing room personnel. Higher rates of postoperative wound sepsis 
were noted in older operating rooms, particularly with difficult 
procedures and those performed later in the day. Conventional 
operating rooms should be categorized by the level of room air 
exchange per hour and the level of airborne bacterial contami- 
nation. 

(Arch Surg 114:772-775, 1979) 


he conventional operating room has been implicated as 

a source of bacterial contamination of the operative 
wound, leading to the development of postoperative wound 
sepsis. A variety of techniques have been introduced to 
eliminate exogenous bacterial contamination in the 
conventional operating room.'? However, many of these 
newer techniques were introduced into operating rooms 
that could not be considered modern by present standards. 
It becomes obvious that to classify all operating rooms as 
conventional when they do not include a unidirectional 
airflow facility or ultraviolet light is erroneous. The micro- 
biologie environment of operating rooms varies with 
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respect to design, air handling capability, and techniques 
used. 

At the Mayo Clinic, orthopedic procedures are performed 
in 12 operating rooms on a daily basis in two different 
hospitals. H»wever, the routines in the operating rocms 
have been standardized. The physical design and capabili- 
ties of the ooerating rooms are varied. Several sources of 
bacterial co.onization of the operative wound in the 
conventional modern operating room have been identified. 
This report will identify these areas and discuss measures 
to control them. 


TYPES OF OPERATING ROOMS 


The two types of operating rooms used by orthopecic 
surgeons at the Mayo Clinic receive air that has passed 
through a rouzhing filter and then an electronic precipitat- 
ing or bag filter (both are high-intermediate efficiency 
filters that remove 97% of particles 0.5 u in size or larger). 
In seven of the rooms, there is no recirculation of air. Four 
of the rooms Fave low rates of room air exchange, that is, 
12 to 14 exchanges per hour; the remainder have 28 to 32 
exchanges per hour. 


LEVELS OF AIRBORNE BACTERIA 


Air supplied to operating rooms with low or high rates o- 
room air exchange is essentially free from bacterial 
eontamination (Table 1). The concentration of airbcrne 
bacterial flora n the operating room averages 0.3 viable 
particle per cukic foot of air when the rooms are standing 
empty. 

Analysis of the air using the Anderson sampler demon- 
strates that tke majority of the microorganisms are 
greater than 0.5 in diameter (Table 2). Since the filtration 
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Tao»le 1.—Airborne Bacterial 
Contamination of Operating Rooms* 


No. of Viable Particles per 0.03 cu m 
of Air 


Mean With 
Room in Use 


Reom Air 
Exchanges, hr 


Mean With 
Room Empty Fange 
2.9-9.1 
4.0-9.9 
22-9.5 


29-8.8 


*From =itzgerald and'Washington.* Reprinted with permission from WB 
Saunders Co. 


10 









o Qo 


M 


Viable Particles per 0.03 cu m of Air 


2 4 6 8 10 12 14 16 
No. of Personnel in Operating Room 

Fig 1.—Relatonship between airborne bacterial contamination 
and number of persons in operating room. Graphs are olotted for 
two rates of room air exchange: low (12 to 14 exchanges per 
hour; open circles) and high (28 to 32 exchanges per hcur; closed 
circles} (From Fitzgerald and Washington.* Reprinted with 
permission from WB Saunders Co.) 


system described removed 97% of such particles from the 
air entering the operating room, the source of these 
organisms is the personnel in the operating room. In 
general. the level of airborne bacterial contamination in 
the conventional »perating room increases as the number 
of personnel in fhe operating room increases. Although 
there is variation based on the activity level of the 
persor rel, this re-at:onship is more apparent in operating 
rooms with lew rates of room air exchange (Fig 1). 

A rather consistent pattern of airborne bacterial 
contamination is »btained by chronologic recording during 
total aip arthroplasty (Fig 2). With the arrival of the 
patient in the operating room, the level of airborne bacte- 
rial ecntamination inereases over that observed when the 
circulating and serubbed nurses are working quietly. As 
the activity of the anesthesia and surgical teams :ncreases, 
there is a concomitant inerease in the level of airborne 
contamination. However, by the time the incisiom is made, 
the level gradually decreases to four to six viable particles 
per cubic foot of air. Subsequent increases in tke level of 
airborne bacterial contamination are noted when the surgi- 
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Table 2.—Airborne Bacteria! 
Contamination of Operating Room* 


Colony-Forming 
Particle Units /Stage 
Size (u) (Andersen Sampler); 


I (=9.2) 1.18 1.58 1.82 
Il (5.5-9.2) 0.67 0.82 1.24 
Ill (3.3-5.5) 0.38 0.37 0.85 
IV (2.0-3.3) 0.79 0.59 0.87 
V (1.0-2.0) 0.01 0.10 0.89 
VI (0-1.0) 0.02 0.00 0.04 


Average bacterial concentration 
(viable particles per 0.03 cu 
m of air per minute) during 
procedure 3.05 3.56 3.57 


Stage & 


*Data for one operating room with 12 to 14 room air exchanges per hour 
during total hip arthroplasty on three separate occasions. From Fitzgerald 
and Washington* (reprinted with permission from WB Saunders Co). 

TNumbers represent determinations made on three separate occa- 
sions. 
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Time, min 
Fig 2.—Chronologic recording of airborne bacterial contamina- 
tion during 25 total hip arthroplasties. (From Fitzgerald.” 
Reprinted with permission from Harcourt Brace Jovanovich 
Inc.) 


cal team is physically active in removing a failed endopros- 
thesis, nails, plates, and the like, repairing the acetabulum, 
and reaming the femoral canal. We have noted lower 
degrees of airborne bacterial contamination in the operat- 
ing room when the doors of the operating rooms were kept 
closed, thereby reducing the traffic into and out of the 
operating room by the circulating nurse and anesthesia 
team, and when the number of personnel in the operating 
room was limited to ten. 


INSTRUMENT TABLES 


The use of a back table for storage of instruments to be 
used throughout the operating day permits more rapid 
“turn-around” between procedures and better utilization 
of the operating room. However, the level of contamination 
on their surfaces (including instruments} can be consider- 
able (Table 3), and this technique must be condemned. 
Either the case method or individual trays or preparation 
of the instruments should be a standard routine in the 
modern operating room, unless a unidirectional airflow 
back table is used. 
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Room Air 
Exchange per Hour 
cee 
12-14 28-32 

4 


. Of observation periods 31 


from WB Saunders Co). 


Table 4.—Bacterial Contamination of 
Instrument Table and Orifice of Wound* 


Room Air 
Exchange/hr 
—— 
12-14 28-32 
Instrument table 
No. of observation periods 


Mean No. of colony-forming units/9.09 
Sq cm/hr 


Orifice of wound 
No. of observation periods 


Mean No. of colony-forming units/9.09 
sq cm/hr 


*Modified from Fitzgerald and Washington* (reprinted with permission 
from WB Saunders Co). 


Table 5.—Effect of Hoods on Bacterial Contamination 
of Instrument Table and Orifice of Wound* 


Without With 
Hoods Hoods 
Instrument table 
No. of observation periods 


Mean No. of colony-forming units/9.09 
sq cm/hr 


Orifice of wound 
No. of observation periods 


Mean No. of colony-forming units /9.09 
sq cm/hr 


*Modified from Fitzgerald and Washington’ (reprinted with permission 
from WB Saunders Co). 


Table 6.—Contamination of Glass Receptacle in 
Operating Room Suction System* 


No. of 


Organism Colonies / ml 


Before operation 
Pseudomonas maltophilia 


P aeruginosa 
Acinetobacter calcoaceticus 
Staphylococcus epidermidis 


60,000 
40,000 
15,000 

4,000 


After operation 
P maltophilia 


A calcoaceticus 


25,000 
15,000 
5,000 
1,000 


Candida 

S epidermidis 
After cleaningt 

P maltophilia 

Bacillus 

Corynebacterium 


*From Fitzgerald and Washington* (reprinted with permission from WB 
Saunders Co). 
TNot sterilized. 
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Mean No. of colony-forming units/9.09 sq 
cm/hr 121 8 
No i 8 


*Modified from Fitzgerald and Washington* (reprinted with permission 
























Fig 3.—Large anesthesia barrier drape with Plexiglas window. 


HOODS, GOWNS, AND DRAPES 


The use of the head hood, an extension of the aseptic 
technique, which was fashionable in earlier years of 
surgery a: the Mayo Clinic, fell into disrepute as surgeons 
desired more comfort and freedom. Little thought was 
given to the control of bacterial fallout from the heads and 
necks of the surgical team. The degree of bacterial contam- 
ination of the skin at the angle of the jaw is high. Since 
most masks ride up and down in this area, shedding of skin 
scales and bacteria occurs. The degree of bacterial contam- 
ination on the instrument table with a nurse working over 
it and at :he orifice of the wound with the surgical team 
working cirectly over it increases, particularly in rooms 
with low rates of room air exchange (Table 4). Such 
contamination can be lowered with the use of an imperme- 
able hood and a large mask covering the entire face except 
for the areas about the eyes (Table 5). A large anesthesia 
screen with a Plexiglas see-through window wil! help to 
lessen cortamination from the anesthesiologist and yet 
permit him to follow the stage of the operative procedure 
and monitor blood loss (Fig 3). 

Repellent drapes should be used, especially in orthopedic 
surgery, where wounds are frequently irrigated. The repel- 
lent drapes and gowns should be monitored to ensure that 
they have not lost their repellent quality with modern 
laundry techniques. 


WOUND SUCTION SYSTEM 


The wound suction system should be sterile from the tip 
of the sucker to the glass receptacle used in each procedure. 
The use of a sterile sucker tip and suction hosing attached 
to a clean but unsterile glass receptacle is unsatisfactory 
(Table 6). Should the sucker tip or suction hosing become 
clogged during the procedure, retrograde contamination of 
the suction hosing or sucker tip (or both) is possible. Since 
the suction apparatus frequently becomes blocked during 
an orthopedic procedure, a sterile receptacle is a necessi- 
ty. 
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PATIENT AND GURNEY 


When the patient is brought into the operating room on 
a gurney from the ward, unnecessary contamination is 
introduced into the operating room. All gurneys studied 
have been heavily contaminated, as can be seen from the 
following list: ng: 


No. of Colony- 
Forming 
Units per 
Source 9,09 sq cm Organisms Isolated 
Patient’s gown 84 Escherichia coli 
Sheet 190 Enterobacter aeregenes 
Gurney 1,037 Acinetobacter caleoacetic- 


us 
Pseudomonas aeruginosa 
Staphylococcus eyader- — 
midis 
(From Fitzgerald.* Reprinted with permission from WB Saunders 
Co.) 


Gram-negative bacilli predominated in cultures of the 
gurneys, sheets, end patient's gown. This information 
suggests that the patient should enter the operating room 
with a clean gown and on a gurney that remains in the 
operating suite. If -his is not possible, the patient should be 
transferred onto the operating table at the door of the 
operating room. 


POSITIVE PRESSURE 


The level of ai-borne bacterial contaminatiom in the 
hallways and outpatient cast facilities can be considerably 
higher than that o»served in the operating room, as can be 
seen from the following: 





Viable Particles 


Activity Level per 0.03 cu m of Air 


Corridor 
Mild 16.3 
Moderate 20.3 
Maximum 24.9 
Cast room 
Mild 6.0 
Moderate 10.8 


(From Fitzgerald.* Reprinted with permission from WB Saunders 
Co.) 

The operating rooms should be monitored to be certain 
that they have a positive pressure relationship to adjacent 
workrooms, hallways, and scrubrooms. This can be easily 
performed by using a commercially available smoke bomb 
or smoke stick. 

We have not been able to relate the level of airborne 
bacterial contamination during an operative procedure to 
the development of deep wound sepsis. However, we have 
noted that in the older operating rooms with low rates of 
room air exchange, the overall infection rate following 
total joint arthroplasty is statistically higher. When the 
more difficult operative procedures are performed in such 
rooms, especially when these are done by less experienced 
surgeons, this relationship is more obvious. Procedures 
performed later in the day in such rooms are also asso- 
ciated with a higher rate of postoperative wound sepsis." 

When older operating rooms with low rates of room air 
exchange are used for high-risk orthopedic procedures, 
careful monitoring of the operating room, control of traf- 
fic, and other techniques outlined are mandatory. 


Mark B. Coventry, MD, Department of Orthopedics, Mayo Clinie, 
designed the Plexiglas see-through window referred to in the article. 
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Expand Your Horizons 


And Those of Your 


Nursing Home Patients 





This compilation of articles and memoranda is geared to 
further your understanding of your role in regard to: your 
nursing home patients; their families; and the nursing home 
staff. Published by the American Medical Association, The 
Medical Director in the Long-Term Care Facility is the 
only book of its kind. 


The Table of Contents includes: 


e Doctor s Role in the Nursing Home 

e Medical Direction in Long-Term Care Facilities 

e Role Relationships of the Medical Director 

e The Role of the Physician in Long-Term Care 
Facilities—The Administrator s Viewpoint 

e Federal Regulations and Proposed Duties for the 
Medical Director in the Skilled Nursing Facility 

e The Nursing Home's Medical Director— 
A New Breed of Mentor 


The Medical Director in the Long-Term Care Facility 


should help you to meet the nursing home problems which 
you encounter. Use the coupon to order this valuable 


compendium today. 


$3.50 


Order Dept./OP-22 
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535 N. Dearborn/Chicago, IL 60610 
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Tablets 


PERCODAN-Demi 


oxycodone with APC (È 


Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to moderately'severe pain. 


CONTRAINDICATIONS Hypersensitivity to oxycodone, aspirin, phenacetin or 
caffeine. 


WARNINGS Drug Dependence Oxycodone can produce drug dependence of 
the morphine type and, therefore, has the potential for being abused. 
Psychic dependence, physical dependence and towerance may develop 
upon repeated administration of PERCODAN* and PERCODAN*-Demi, and 
it should be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-contaimng medications. Like 
other narcotic-containing medications, PERCODAN* and PERCODAN* 
Demi are subject to the Federal Controlled Substances Act. 


Usage in ambulatory patients Oxycodone may impair the mental and/or 
physical abilities required for the performance of potentially hazardous 
tasks such as driving a car or operating machines. The patient using 
PERCODAN® and PERCODAN*-Demi should be cautioned accordingly. 


Interaction with other central nervous system depressants Patients 
receiving other narcotic analgesics, general anesthetics, phenothiazines, 
other tranquilizers, sedative-hypnotics or other CNS depressants (includ- 
ing alcohol) concomitantly with PERCODAN* and PERCODAN*-Demi may 
exhibit an additive CNS depression. When such combined therapy is con- 
templated, the dose of one or both agents should be :educed. 


Usage in pregnancy Safe use in pregnancy has not been established rela- 
tive to possible adverse effects on fetal deveopment. Therefore, 
PERCODAN* and PERCODAN®-Demi should not be used in pregnant 
women unless, in the judgment of the physician, the potential benefits 
outweigh the possible hazards. 


Usage in children PERCODAN® should not be administered to children. 
PERCODAN®-Demi, containing half the amount of oxycodone, can be con- 
sidered. 


Salicylates should be used with caution in the presence of peptic ulcer or 
coagulation abnormalities. 


PRECAUTIONS Head injury and increased intracranial pressure The res- 
piratory depressant effects of narcotics and their capacity to elevate 
cerebrospinal fluid pressure may be markedly exaggerated in the presence 
of head injury, other intracranial lesions or a pre-existing increase in 
intracranial pressure. Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with head injuries. 
Acute abdominal conditions The administration »f PERCODAN* and 
PERCODAN*-Demi or other narcotics may obscure the diagnosis or clini- 
cal course in patients with acute abdominal conditions. 


Special risk patients PERCODAN* and PERCODAN®-Demi should be 
given with caution to certain patients such as the elderly or debilitated, 
and those with severe impairment of hepatic or renal function, hypothy- 
roidism, Addison's disease, and prostatic hypertrophyor urethral stricture. 
Phenacetin has been reported to damage the kidneys when taken in 
excessive amounts for a long time. 


ADVERSE REACTIONS The most frequently observed adverse reactions 
include light-headedness, dizziness, sedation, nausea and vomiting. 
These effects seem to be more prominent in ambulatory than in nonambu- 
latory patients, and some of these adverse reactions may be alleviated if 
the patient lies down. 

Other adverse reactions include euphoria, dysphoria, constipation and 
pruritus. 


DOSAGE AND ADMINISTRATION Dosage should be acjusted according to 
the severity of the pain and the response of the patient. It may occasion- 
ally be necessary to exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who have become tolerant 
to the analgesic effect of narcotics. PERCODAN® and PERCODAN®-Demi 
are given orally. 

Sager ok The usual adult dose is one tablet ever: 6 hours as needed 
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Environmental Bacteriology in the 


Unidirectional (Horizontal) 


Operating Room 


Carl L. Nelson, MD 


* The continuing attempts to reduce bacterial contamination 


through clean air systems have been of special interest to 


surgeons dealing in joint replacement surgery. Although the 
definitive relationship between airborne contamination and 
surgical infections is not universally agreed on, there is little 
question that clean air systems reduce bacterial contamination 
of the surgical wound at the time of operation. This report 
reviews the history of surgical infections, presents statistical 
data that show the reduction of bacterial contamination by a 
clean air system, and suggests a pragmatic attitude regarding 
airborne bacterial contamination of surgical wounds. 
(Arch Surg 114:778-782, 1979) 


F some time, the use of laminar airflow systems in the 
operating room has been a source of controversy. 
Although there have been many who have opposed the 
concept on an academic or prejudicial basis, the use of clean 
air systems has not diminished, and although many oppo- 
nents continue to rightfully ask for hard data confirming 
the benefit of such systems, few deny that there appears to 
be a salutary effect from using this system, a salutary 
effect from the associated “discipline.” 

This report repeats historical review „of sepsis and 
previously recorded bacteriological data, and adds a compi- 
lation of the infectious rates in various centers using 
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antibiotic, clean air systems, and standard operating room 
theaters. 3 


HISTORICAL CONSIDERATIONS 


In considering the merits of the clean air system in total 
hip replacement arthroplasty, the historical background of 
infections and past attempts to eradicate infection should 
be reviewed. Lister’ proposed the concepts of antiseptic 
surgery and with the application of these prineiples, the 
rate of infection decreased. His concepts led to the present 
era of aseptic surgery, which includes preoperative skin 
cleansing combined with a sterile scrub of the operating 
room personnel, sterile rubber gloves and masks, sterile 
draping equipment, sterile clothing, and sterile instru- 
ments. One must concede that there is no substitute for 
strict adherence to standard aseptic surgical techniques. 
Moynihan’ stated that two thirds of his patients died of 
infection after he had opened the belly. In 1915, Brewer" 
showed that the infection rate after clean operations was 
389%. In 1933, Meleney* reported that adherence to aseptic 
technique, rigid restriction of movement within the oper- 
ating room, careful preparation of the patient, and gentle 
handling of tissue reduced the incidence of sericus wound 
infection from 4% to 1.7%, and of minor infection from 10% 
to 5.4%. In a similar study, McKissock et al^ reduced the 
percentage of surgical infections from 15% to 1.1%. More 
recently, Henderson and Kornblum’ were able to hold the 
percentage of serious infections in 3,290 operations to 1.7%; 
Steel’ reduced his infection rate from 15% to 0.58%. 

From these studies, similar criteria for redueing the 
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incidence of infeetien have been established: rigid restric- 
tion of movement ir the operating room, especially restric- 
tion of the inadvertent visitor; careful, thorough prepara- 
tion of the patien- and the operating room personnel; 
gentle handling of tissue; and an intangible, the alerting of 
everyene in the hospital to the problem of infection. 


SOURCE OF INFECTION 


Almost everyone agrees that surgical wounds, at the 
time of operation can become infected. There is less 
agreement as to waether most infections are endegenous 
or exogenous, animate or inanimate. However, certain 
facts are known. Wound infections are directly re ated to 
the type ef organism that may find its way into the wound, 
the host’s ability te combat infection, and the number of 
bacteria deposited m the wound; and, of course, there must 
be a chanee of deposition of bacteria into the wounc for the 
development of infection. 

A single individaal sheds 5,000 to 55,000 partizles per 
minute, depending on how recently he showered and on the 
kind of clothing wern. The physical activity of the surgeon 
and ethers in the operating room directly affects the 
circulation of bactaria in the air. Conventional operating 
room air may contain as many as 10 to 15 bacteria per cubic 
foot and as many as 250,000 particles per cubic foot. 

The fine cotton surgical gowns and drapes have aper- 
tures large enougt to allow particulate matter and accom- 
panying bacteria t pass through. Charnley and Eftekhar* 
have shown that 50% of the surface of such gowns is 
contaminated at tae conclusion of a total hip replacement 
arthroplasty. Sinee the surgeon and operating room 
personne! are sources of bacteria and since the activity 
pumps particulate matter over the wound, there is little 
question that if ore releases particles with attached bacte- 
ria above the wourd, they will be deposited into th» wound. 
Even the mos: staanch nonbeliever in airborne comtamina- 
tion will agree tha- bacteria should not be deposited into an 
open wound. In light of the knowledge of airborne contam- 
ination of the wound site, what attempts have been made 
to eradieate contamination and clean the air of th» operat- 
ing room? 

Ultraviolet ligh has been used to reduce the incidence of 
wound infection by reducing the number of airborne 
bacteria. The results are interesting. Ultraviolet | ght does 
decrease the ameunt of bacterial contamination in the 
operating roem, out a double-blind study, using dummy 
lamps in one rocm, showed that the infection rate was 
almost identical with and without the ultraviolet light. In 
reviewing the results of this study, it is clear that all the 
cases in this portion of the study were the so-called unclean 
cases." When cnly ultraclean cases, such as those in 
reconstructive su-gery, were considered, the difference in 
the twe groups was statistically significant. Cleaning the 
airborne contamination by ultraviolet light recuced the 
infection rate. Im general, in this study, there would have 
been 30 fewer deep wound infections if ultraviolet light 
had been used in ultraclean cases. 

Therefore. there are data and logic in support of 
attempts to reduce airborne contamination. Altemeier and 
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Levenson" have pointed out that infections developed 
postoperatively in an estimated 1,391,000 patients at a cost 
of $7,000 per patient, with an overall cost of 9.8 billion 
dollars for the control of wound infections. This is a 
significant sum, but only the individual affected and the 
surgeon can truly understand the suffering and disability 
that occur with serious deep wound infection. Monetary 
and humanitarian needs justify all rational attempts to 
reduce wound infection. 


LAMINAR AIRFLOW SYSTEMS 


The first use of laminar airborne contamination control was by 
the aerospace industry in the early 1960s. It was noted that any 
small particulate matter could contaminate gyroscopie equipment 
in missile guidance systems and cause malfunction. Particulate 
matter as small as that in cigarette smoke could be responsible for 
contamination. Whitfield" pioneered the use of laminar airflow 
systems to reduce contamination. | 

Laminar airflow can be described as the flow in which the entire 
body of air within a confined area moves at a uniform velocity 
along parallel flow lines. This principle was mechanized and then 
applied to the aerospace industry. Recently, this type of clean air 
technology has been applied to the operating room. In this type of 
environment, the system filters out particulate matter with 
attached microbial organisms before it enters the surgical area. 
This is done by a high-efficiency filter system. The filter system 
now used in surgical suites provides what is known as class 100 air. 
Class 100 air is air in which each cubic foot contains not more than 
100 particles 0.5 u or larger in diameter. 

Laminar flow clean air really does not exist in the operating 
room. Persons or objects in the room, such as the surgeon or 
surgical tools, disturb the airflow pattern and the air becomes 
turbulent. Thus, in all laminar clean rooms, the air is turbulent. 
"Clean air room" is a more accurate and acceptable description 
than the term laminar. It is also clear that in designing and using 
clean air systems, it is necessary to properly plan and use the 
surgical area, so that any turbulence or eddying of current is 
reduced and does not occur over the surgical site. 

One type of clean air system that has been used is a wall-less 
horizontal system consisting of two parts, a self-contained blower 
filter system that propels a horizontal flow of class 100 air, and a 
vacuum aspirator system for the surgeon." A blower module 


placed at one end of the operating room propels a flow of clean air - 


across the operating room. The horizontal system sends airflow in 
one direction, and in this manner, particles are removed from the 
operating area. This system produces approximately 200 air 
changes per hour in the room, compared with 12 air changes in the 
standard operating room. The 200 changes developed by the 
horizontal system are for the entire room; over the work site, there 
are about 500 changes of air per hour, and particles shed by the 
surgeon and staff are swept away from them and across the room. 
The air then rebounds from the opposite wall, turns laterally along 
the wall, and enters the filtration system, the module, at the side. 
A high-efficiency particulate air filter lies in the front of the 
module, behind the perforated metal cover. The filter is 99.9% 
effective in removing particulate matter with attached bacteria 
and viruses. 

A bacteriological study was designed to determine the effective- 
ness of a horizontal wall-less clean air system in reducing bacterial 
contamination in the operating theater, One operating theater 
was chosen for study and all investigations were done in this room. 
The same surgeon, number of operating room personnel, and 
nursing staff were used for each clinical evaluation. Patients 
undergoing total hip replacement arthroplasty were chosen for 
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clinical study, none showing evidence of previous or secondary 
infection. The patient and operating room personnel were identi- 
cally prepared prior to surgery and all personnel in the operating 
theater wore hoods, gowns, and foot coverings. The doors of the 
operating theater were taped closed and any entry was noted. 

Five slit samplers (TDL) were positioned in specified locations 
and labeled A, B, C, D, and E. The letters designated the following 
sites: A, instrument table; B, side opposite surgeon; C, anesthesia 
area; D, wound site; and E, clean air filter exit. The sampler at the 
wound site was somewhat differently positioned from the rest. A 
metal tube 4.5 x '%« in was connected to the slit sampler that was 
attached to a tigon tubing 21 x 174, in and a metal tube 9%s 
in X '^« in. The metal tube and flexible plastic tube were passed 
beneath the surgical coverings, incorporated into the drapings, 
and taped into position. The tube did not directly contact the 
patient's skin and was positioned only after adhesive skin covering 
had been applied to the thigh. 

Three tissue samples were taken at surgery, incubated in blood 
agar plates at 35 °C, and colony-forming unit (CFU) counts made 
at 48 hours. The slit sampler is a spring-drive model that operates 
by a simple gear mechanism. A plastic petri dish (100 x 15 mm, 
containing 10 mL of blood agar medium) was placed on an 
adjustable stage that rotated at a speed of one revolution per hour. 
The medium did not touch the sampler except at the level 
indicator, which is a contact point in the center of the petri dish. 
The top edge of the indicator is the point of reference used in 
determining the starting point from the dish. A witness mark on 
the dish is matched to the reference indicator. All samplers were 
calibrated with a respirometer and were found to draw + 100 cubic 
inches of air per minute (including the sampler with tubing 
attached). | 

The plates were collected after surgery and placed in a 35 °C 
incubator for approximately 48 hours. The plates were examined 
with a colony counter, and the colonies counted counterclockwise in 
12 equal divisions on the plates. Each division represented a 
five-minute period. The colony counts were recorded in colony- 
forming units per minute per cubic foot of air. The presence of lint 
on the plates is also recorded and indicated as degree by either 
scattered lint (slight) or distinct lint (a definite line of lint). 


RESULTS 


The bacterial contamination levels in an empty operat- 
ing room with the clean air unit off are shown as 
follows: 


: 2.4 CFU/cu ft/min 
: 1.8 CFU/cu ft/min 
: 1.9 CFU/cu ft/min 
: 2.2 CFU/cu ft/min 
: 2.0 CFU/eu ft/min 


The same empty operating room showed a significant 
decrease in the levels of contamination of air sampling 
when a clean air system was turned on: 


A: 0.2 CFU/cu ft/min 
B: 0.1 CFU/cu ft/min 
C: 0.2 CFU/cu ft/min 
D: 0.4 CFU/cu ft/min 


The bacteriological contamination of the operating 
theater was sampled in five different sites during total hip 
replacement arthroplasties in a standard operating theater 
without the clean air system functioning. The levels were 
significantly high: 
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: 7.2 CFU/cu ft/min 
: 9.9 CFU/cu ft/min 
: 8.5 CFU/cu ft/min 
: 6.3 CFU/cu ft/min 
: 9.8 CFU/cu ft/min 


Under identical conditions, the sampling was performed 
during total hip arthroplasty when a clean air system and 
an aspirator system were turned on. The levels af bacterial 
contamination were significantly lower: 


A: 0.10 CFU/eu ft/min (P < .02) 
B: 1.24 CFU/cu ft/min (P < .02) 
C: 2.32 CFU/cu ft/min (P < .05) 
D: 1.40 CFU/cu ft/min (P < .001) 
E: 0.00 CFU/cu ft/min (P < .001) 


5 J aa w e 


A third portion of the study was performed when the 
clean airsystem was functioning during a total h: p replace- 
ment arthroplasty, but the aspirator system was shut off. 
The bacteriological levels were statistically uncF anged. 

The data presented showed that the use of an aspirator 
system did not further reduce the level of bacterial contam- 
ination. The aspirator system was then replaced with a 
prototype surgical isolator-aspirator system, consisting of 
a self-contained aspirator vacuum, and a one-piece surgical 
gown with face shield that completely covered th» surgeon 
to the krees. There was a further significant reduction in 
the bacterial contamination: 


: 0.60 CFU/eu ft/min 
; 0.88 CFU/cu ft/min 
: 0.71 CFU/cu ft/min (P < .02) 
: 0.43 CFU/cu ft/min (P < .05) 
: 0.00 CFU/cu ft/min 


QW Pp 
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The surgical isolator-aspirator system alone was then 
used during total hip replacement arthroplasty in the 
standard operating room without a clean air system. The 
data in a small number of cases showed a differer ce at the 
wound site: | 


4.2 CFU/cu ft/min 
: 3.7 CFU/cu ft/min 
3.7 CFU/eu ft/min 
: 1.9 CFU/cu ft/min (P < .05) 
3.6 CFU/cu ft/min 


PO OW 


Eighty-two different colony-forming units were sur- 
veyed anc morphologically identified: 


% of Patients 


Staph ylococcus, coagulase-negative 52 
Diphtheroids 44 
Bacillus species 2 
Yeast forms 1 
Staphylococcus, coagulase-positive 1 


This study confirms the findings of Charnley and Eftek- 
har," C. H. Herndon, MD (personal communication, Feb 24, 
1972),* and Ritter and co-workers'^' that clean air 
systems do significantly reduce bacterial contamination 
and points out the importance of containment of the 
bacterial contamination produced by operating room 
personnel at the time of surgery. 
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Effectiveness of Clean Air Systems 


Is there amy proof that these systems have value? 
Charnley and Eftekhar^ have shown that with an 
increased airflow, the infection rate was reduced from 8.9% 
to 1.8%. During tkis period, no doubt, they changed and 
improved thzir technique, altered the criteria for surgery, 
and more rigidly enforced aseptic technique. Nevertheless, 
this significant decrease in the incidence of wound infec- 
tion, ecmbined with the other data, suggests that zhe clean 
air system is a valuable adjunct in reducing operat.ng room 
infection. The results of the other studies point out the 
capabilities cf these systems in reducing the amount of 
bacterial contamination and, in turn, infection. Results of a 
study in Albuquerque, NM," showed a 0.79% wound infec- 
tion rate in clean air systems, compared with a 1.4% wound 
infection rete in a control group. 

One of the few controlled studies that has been done 
involved 300 total hip replacement arthroplasties, divided 
into two groups (J. P. Nelson, MD, personal communica- 
tion, April 27, 1972). One group of patients was operated on 
in a noncleam air environment under similar conditions and 
with similar insertions. In 134 patients operated on in a 
nonclean air room, the infection rate was 5.2%. In 270 
patients overated on in a clean air system, the infection 
rate was 11%. An overall review of the data in the 
litersture has been summarized by P. Nelson, MD (unpub- 
lished data). 


COMMENT 


There was a statistically significant differenee between 
a standard operating room and the same operating room 
with the clean air system functioning. When doth rooms 
were empty, there was approximately a ten-foid decrease 
in bacteria. contamination in all areas samplec. 

There was also a significant difference between the 
standard cpersting room and the clean air room when 
tested during *otal hip arthroplasty. A significant differ- 
ence was found in all areas measured. It was interesting 
that the aspirator system furnished with the anit did not 
cause a significant difference in the bacterial contamina- 
tion level, whe-her the aspirator system was on or off. This 
was, in part, dae to the fact that the system cid not cover 
the neck end, eonsequently, did not efficiently aspirate the 
particulate metter from the body. 

The addition of surgical isolator-aspirator system in 
place of the standard aspirator system showed a statistical- 
ly signifieant difference in areas C and D «P< .02 and 
P < .05, respectively). When the operating roem personnel 
used the surgieal isolator-aspirator in a standard operating 
theater. there was a statistically significant decrease in 
bacterial contamination at the wound site. The data point 
out the mpcrtance of isolating the surgeen, since the 
addition of a more effective “packaging” of the surgeon 
further reduced the bacterial contamination even though 
the ventilating environment had not beer changed. It 
should be poiated out that the limited number of samplings 
ir the study may underlie the lack of a statistically 
significant efect for the surgical isolator at some sites. 
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None of the patients studied became infected. The 
bacteriological identification settle plates show that the 
majority of organisms identified were those usually found 
on the skin. The organisms found in the wound were not in 
the same proportion as those found in the infected cases. 
This finding has been previously noted. Organisms found 
are listed as follows: 


No. of Patients 
Staphylococcus 
Coagulase-negative 
Coagulase-positive 
p-Hemolytie streptococcus 
Gamma streptococcus 
Enterococcus 
Klebsiella 
Pseudomonas aeruginosa 


Ome eee OD 


Charnley,* who has popularized the concept of reduced 
airborne contamination, has recently reported his results 
as well. In 5,800 total hip replacement arthroplasties done 
between 1960 and 1970, the incidence rate of infection fell 
from 7% to 0.5%. It is his feeling that reduced exogenous 
infection in the operating room resulted from measures 
taken to eliminate airborne contamination. Charnley has 
stated that of all the precautions taken against infection in 
the operating room, the most important was clean air, but 
this measure alone did not reduce the infection rate below 
1.5%. He has stated that a reduction below 1.5% in 1969 
through 1970 was due to measures taken to avoid penetra- 
tion of bacteria through the surgeon’s gown. His studies 
are some of the longest, with the largest numbers and 
longest follow-up period of those yet published. 

At present, there are no hard statistical data universally 
agreed on that either prove or disprove the decrease in the 
infection rate when using a clean air system. Perspective 
can be gained when one considers operating rooms of 50 
years ago. In looking at the operating theaters of 50 years 
ago, one wonders how one could possibly have operated 
under those surgical conditions and not expect a relatively 
high infection rate. In the future, one will look on our 
present system and wonder how one could expect to 
implant large prostheses and not have high infection 
rates. 

There is little accepted scientific data that prove the 
effectiveness of clean air in reducing infection, although 
Charnley’s experience appears to offer support for this 
relationship. The expectation of decreased bacterial 
contamination by improved mechanical barriers and clean 
air systems seems reasonable. Certainly, it is not harmful 
to use a clean air system when it is employed properly. It is 
also acceptable to reduce bacterial contamination at the 
wound site; in fact, this has been a Listerian principle 
known to surgery since the 1800s. Last, the systems that 
are available are capable of reducing bacterial contamina- 
tion of the wound site not only through the use of clean air 
systems, but through improved methods of surgical isola- 
tion (C. H. Herndon, MD, personal communication, Feb 24, 
1919 0520907 N 

The absolute provable data regarding infection may not 
be available for the next ten years. However, the data 


Horizontal Operating Room—Nelson 781 





condensed by P. Nelson, MD (unpublished) may aid the 
pragmatic searcher in his quest to obtain a gist of the 
infection rates with clean air sys ‘stems, standard operating 
rooms, : nd antibiotics. How ever, even at the end of ten 
more years, the poe may not be irrefutably settled 
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CORRECTION 


E 
Wrong Terminology.—In the article titled “Cardiac Function and Hypercarbia," 


published i in the October ARCHIVES (113: 1196-1200, HS, on 


and 52, “sy stolic” should read “diastolic.” 
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SE Sustacal 


Great tasting nutritional support 
na small, easily-consumed serving. 


When surgery. therapy or disease 
reduces your patients’ appetites or 
increases their needs, they need a 
nutritional bocst. They need Sus- 
tacal. 

Sustacal is a great-tasting nutri- 
tional supplement that helps insure 
daily nutritionci needs are met — 
without replacing the foods patients 
are eating 


sustacalis a celicious way to give 
your patients well-balanced nutri- 
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serving... a maximum amount of 
nutrition in a minimum volume. 

Sustacal comes ina variety of 
flavors and forms... ready-to-use 
liquid, pudding, and powder that 
mixes readily with milk. 

So, when your patients need extra 
nutrition, specify Sustacal. 
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Environmental Bacteriology in the 


Unidirectional (Vertical) Operating Room 


Charles O. Bechtol, MD 


è An integrated body exhaust/clean air operating room 
system was evaluated in terms of the microbiologic and particu- 
late contamination control it afforded. The clean air unit was of a 
vertical unidirectional airflow design and employed high- 
efficiency particulate air filters to provide air low in both 
microbes and particulates. The body exhaust portion of the 
system was composed of an exhaust tube under the surgeon's 
mask, a transparent plastic faceplate, and a microbe-retentive 
surgical gown and hood. Measurements were made of airborne 
and surface contamination at the wound site and of microbial 
burden levels associated with the surgical team. Sampling 
techniques were designed to parallel those used in a previous 
study of a horizontal flow /body exhaust system so as to provide 
comparative data on the effect of airflow configuration on wound 
site contamination. The data showed the vertical flow room to 
exhibit significantly lower (P — .05) contamination levels than 
the horizontal flow enclosure. Surgical lights, draping tech- 
niques, and personnel and material positioning unobstructive to 
the airstream were judged to be prime factors in reducing wound 
site contamination. 

(Arch Surg 114:784-788, 1979) 


he stimulus for the installation of the clean room was a 

visit to Wrightington, England, in December of 1968. 
A vertical unidirectional flow clean room was installed and 
high-efficiency particulate air (HEPA) filters installed.'- 
The first operation was performed Jan 7, 1970. To date, 
2,230 operations have been performed in the clean enclo- 
sure, and of these, 1,455 by me.’ 

Consultations were obtained with investigators at the 
Jet Propulsion Laboratory of the California Institute of 
Technology, Pasadena. A review of their study of a hori- 
zontal flow clean enclosure at St Luke's Hospital in Denver 
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was carried out.* Those authors thought that a meaningful 
comparative study could be accomplished using the same 
techniques in the vertical flow room at Hollywood Presby- 
terian Medical Center, Los Angeles. Such a study was 
initiated in February of 1973. Sampling techniques were 
designed to parallel those in the Denver study. It was 
concluded that the vertical flow clean enclosure exhibited 
significantly lower contamination levels (P — .05) than did 
the horizontal enclosure. 


SUBJECTS AND METHODS 
Unidirectional Flow System 


The clean room system used in this study was a vertical 
downflow type (Fig 1). The main elements of the system were a 
bank of HEPA filters capable of removing 99.97% of particulates 
= 0.3 u in size from the airstream entering the enclosure; plexi- 
glass walls on three sides, with an antistatic plastic curtain on the 
fourth to provide for patient ingress and egress and anesthesiol- 
ogist access; surgical lights unobstructive to the airstream; and 
surgeon body exhaust apparel designed to retard dissemination of 
microbes from the surgeon to the patient. The body exhaust 
portion of the system was composed of an exhaust tube under the 
surgeon's mask, a transparent plastie faceplate, and a mierobe- 
retentive surgical gown and hood. 

A critical factor in efficient function of the clean room was the 
awareness by the surgical team of the airflow pattern. The 
surgical drapes on the operating table constitute an obstruction to 
the airflow. They must clear the floor by 45 em (knee height). This 
permits an accelerated escape of air under the operating table and 
prevents reverse turbulence. 


Microbiological Monitoring of the 
Surgical Wound Site 


The assay procedure for all microbiological samples included 
their aerobic incubation at 37 °C for 72 hours (with screening at 24 
and 48 hours) and subsequent enumeration of colony-forming 
units. 

Volumetric air samplings at the wound site were mace with slit 
and membrane samplers. These devices sampled air at the rate of 
0.028 cu m (1 eu ft) per minute. The slit sampler was modified for 
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wound site sampling by connecting a 40-cm section of 6.35-mm 
inside diameter poly arethane tubing to the sampler through a No. 
10 neoprene stopper placed in the inlet. The other ead of the 
tubing was placed approximately 15 em from the wound edge by 
securing it to the surgical draping. A polypropylene funnel was 
inserted into the wound end of the tubing to provide an isokinetic 
intake and guard against occlusion of the line. Care was taken to 
maintain a constant minimum-bend configuration of tke tubing. 
The slit samplers were loaded with 25 x 150-mm Pe-ri dishes 
containing agar (digested casein and soybean peptone) aad run for 
a maximum of one heur before the dishes were replaced with fresh 
ones. 

The membrane sampler head was situated approximately 15 em 
from the wound edg= and loaded with a gelatin membrane filter. 
The inlet air velocity at the filter surface was regulated to obtain 
an isokinetic sample. The filters were removed at 30-min intervals 
and assayed by plating on agar. Biopsy specimens were taken 
from shallow and deep wound tissue. These samples were placed in 
10 ml of broth (digested casein, soybean peptone, and dextrose), 
ultrasonically treated, plated, and incubated. Cultures were 
reported as positive or negative. 

Agar contact plates measuring 15 x 65 mm (contaiming agar 
with lecithin and patysorbate 20 added) were used to assess the 
bacterial load om the surgeon's gloves and surgical drapes. (Sticky 
impression contact plates of the same dimensions were used in a 
comparative mode fer certain of these measurements). Microbial 
fallout in the surgica field was measured by exposure of 15 x 100- 
mm Petri dishes (containing agar) during operative procedures. 
The dishes were affixed to the surgical drapes approximately 40 
em from the wound. 


Other Microbiological Monitoring 


Contact plates wer» employed for the postoperative sampling of 
sterile processed surgical gowns, hoods, and decontaminated face- 
plates (decontaminated with 70% isopropyl alcohol). Volumetric air 
samplings, surface samplings, and fallout measurements were 
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made at selected sites within and outside of the unidirectional flow 
enclosure during baseline and comparative studies. 


Particulate Monitoring of the Surgical Wound Site 


Volumetric, particulate sampling at the wound site was accom- 
plished using a light-scattering particle counter. The instrument 
was modified by the installation of a 7.6-m power cable and 
vacuum line between the sensor and control module that enabled 
placement of the sensor element at the head of the surgical table. 
One end of the section of 6.35-mm inside diameter polyurethane 
tubing was then connected to the sensor, with the other end (fitted 
with a polypropylene isokinetic funnel) situated in the surgical 
field at wound height approximately 15 em from the wound. Air 
was sampled at the rate of 0.028 cu m (1 cu ft) per minute from 
incision to closure. 

Particulate fallout in the surgical field was measured with 47 
mm filters in holders affixed to the surgical drapes approximately 
40 cm from the wound site. After exposure, the particles that had 
accumulated on the filters were sized and enumerated by a 
prescribed method using a light microscope.’ (Particle fallout 
measurements were also made at selected sites within the clean air 
enclosure.). 


Airflow Measurements 


A hot wire anemometer was used to determine airflow velocities 
within the operating room. Titanium tetrachloride smoke was 
employed to determine airflow patterns. 


Operative Procedures Monitored 


A total of 79 orthopedic procedures were monitored over a 
4'-month period. Of these, 74 were total hip replacements and the 
remainder, total knee replacements. The average time for the hip 
procedure was 104 minutes. A thorough log of major activities and 
significant factors were made for all operations monitored. In 
addition, a sterility control log was kept for all sterile materials 
and controls. 
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Statistical Evaluation 


A nonparametric test (sign test) was used to compare Hollywood 
Presbyterian and St Luke’s (Denver) microbial data. This test 
provided a significance statement for the number of times a lower 
microbial count was observed at Hollywood as compared to 
Denver. A t distribution test was used to compare particulate data. 
Significant differences were expressed at the 5% level for both 
tests. 


RESULTS 


The results of volumetric microbiological sampling at the 
wound site indicated a higher yield for the slit sampler. 
The slit sampler produced 0.60 colony-forming units per 
cubic meter. The membrane sample produced 0.16 colony- 
forming units per cubic meter. Similar sampling of the 
operating room air outside the clean enclosure yielded 87 to 
221 colony-forming units per cubic meter. 

Direct sampling of the wound was in the form of biopsy 
samples. The first was taken from the acetabulum just 
after dislocation of the hip, and the second from the 
trochanter area, just before closure. The acetabular sample 
showed 3.1% positive cultures and the trochanter, 1.5%. 

Surgical gloves were checked with contact plates at the 
time of hip dislocation and just before closure. At the time 
of hip dislocation, both back hand and palm showed 3.5% 
positive cultures. At the time of closure, the back hand 
showed 0.8% and the palm, 3.8% positive cultures. Surgical 
drapes sampled around the wound site at the time of 
closure showed a 2.6% positive culture. The surgeon’s 
apparel was monitored at the end of the procedure. The 
paper hood showed a 5.3% positive culture and the trans- 
parent faceplate, 39% positive culture (the faceplate was 
wiped before surgery with 70% alcohol). The paper surgical 
gown showed 5.2% positive on the chest and 13.3% positive 
in the axilla. The transparent faceplate is now gas steril- 
ized. 

It was evident that the operative procedure generated a 
large nuinber of airborne particulates. These apparently 
arose from surgical drapes, sponges, and the surgeon’s 
clothing. The number of particles could be seen to rise 
dramatically when there was any contact between the 
surfaces mentioned during the course of the procedure. 
Smaller particles predominated. Those between 0.5 and 5 u 
in size numbered 113,049/eu m and those over 5 y in size, 
4,498/cu m^ When compared to the number of viable 
particles, it is evident that these particles also rose from 
sterilized surfaces in the operating field. When the sterili- 
ty was tested with fallout plate, the benefit of unidirec- 
tional flow was dramatically shown in a comparison of the 
microbial fallout at the wound site and near the anesthe- 
siologist. At the wound site, there were 0.54 colony- 
forming units per square meter per minute. At the anes- 
thesiologist, there were 25 colony-forming units per square 
meter per minute. 

Effect of the surgical team in producing particles was 
further demonstrated in fallout plates exposed at the 
wound site and in remote areas of the operating enclosure." 
At the wound site, particles 5 to 50 y numbered 1,123/sq 
m/min and those 51 to 100 u numbered 166/y/min. In more 
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Fig 2.—Patient's leg in protective Mayo stand cover. 


remote areas of the operating enclosure, the smaller parti- 
cles numbered 378/sq m/min and the larger particles, 
16/sq m/min. 

In order to obtain baseline values and to evaluate the 
possibility of laboratory error, measurements were taken 
in the clean air unit under nonsurgical conditions with the 
room empty of all equipment and personnel. The sampling 
was accomplished over a period of four hours. By both 
volumetrie testing and fallout testing, no colony-forming 
units were obtained. In particle counting by the volumetric 
method, 600 particles less than 5 y/cu m were obtained and 
21 particles greater than 5 u were obtained. By the fallout 
method, 3.7 particles, 5 to 50 u/sq m and 0.26 particles 51 to 
100 u/sq m were obtained. These results are compatible 
with “class 100" conditions.’ 

Figure 1 shows airflow velocities and directions for the 
vertical flow unit when ready for surgery. To determine 
airflow patterns, smoke (titanium tetrachloride) was intro- 
duced into the airstream approximately 30 cm above the 
operating table. The airflow carried the smoke down the 
sides and under the table; it was exhausted to the exterior 
at the wall floor spacings and at the plastic curtain opening 
(directly in front of the anesthesiologist) at velocities 
averaging 83 and 70 m/min (275 and 200 f/min), respec- 
tively. The mean exhaust velocity at the pass through 
window was 103.6 m/min (340 ft/min.) The surgical drap- 
ing of the operating table was found to be critically 
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important in maintaining this flow of air. In a simulated 
surgical situation, craping was placed to the floor around 
the entire operating table. Smoke patterns then showed 
that the tzble acted as an obstruction to the airflow and 
considerable reverse turbulence was present, part cularly 
near the operating personnel. For this reason, after drap- 
ing has been completed, any drapes that come closer to the 
floor than 45 em are trimmed away. A second area of 
turbulence was found when the patient’s leg was placed 
across the table at ene stage of the operation and the foot 
projected over the side of the table. Under these circum- 
stanees, reverse turbulence was observed. Agar contact 
samples indicated microbial contamination of the foot and 
the surgical draping that it contacted. To correct this 
problem, the leg was placed in a sterile bag (Mayo stand 
cover). Further-conzact plate sampling then demorstrated 
the absence of microbes on these previously contaminated 
surfaces (Fig 2). 


COMMENT 


The Jet Propulsicn Laboratory /St Luke's (Denver) study 
of a horizontal unidirectional! flow operating room system 
showed that the use of surgeon body exhaust apparel 
provided a measurable reduetion in microbial conzamina- 
tion of the wound site under unidirectional flow condi- 
tions; The reported study at Hollywood Presbyterian 
Medical Center (hereafter referred to as Hollywood) was 
patterned after the Denver work and attempted te reduce 
the number of variables between the two studies to one 
(airflow configuration), thereby making feasible a »ompar- 
ison between two wnidirectional flow opeating rooms that 
employed body exhaust techniques under different airflow 
conditions, ie, horizontal vs vertical flow. 

Despite the attempt to reduce the number of var ables so 
as to compare the relative effects of the two airflow 
configurations on wound site contamination, a number of 
factors were different for the two clean air systems. 
Among these were surgical lighting, surgical draping and 
material, and persennel positioning. Therefore, instead of 
discussing the relative merit of the two airflow configura- 
tions in terms of airflow alone, it is appropriate to also 
consider the impact of the different flow configurations on 
room utilization. 

Different surgical teams participated in the Hellywood 
and Denwer studies; however, the average time per hip 
proeedure for the teams was almost identical when body 
exhaust suits were utilized (104 min at Hollywood, 105 min 
in Denver). 

It has been shown that differences in individual shed- 
ding of microbes can be detected among hospital person- 
nel^ During the dollywood and Denver studies, it was 
expected that the body exhaust suits would do much 
towards masking dissimilar microbiological shedding of 
surgieal team members. Any effect of the teams on the 
microbial data due to differential shedding was not readily 
apparent, but mey have been observed indireetly (see 
diseussion of apparel data). 

The micrcb ological and particulate monitoring methods 
were held as cons-ant as possible during the twc studies. 
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Although it is believed that comparisons between the two 
studies are warranted, it must be borne in mind that 
certain uncontrollable factors could have contributed to 
some of the differences observed, eg, the possible effect of 
different air densities on the collection of microbial parti- 
cles. However, as in the comparison between operations 
performed with and without the body exhaust suits in 
Denver, the differences in contamination levels between 
the two studies were found across all sample types and 
therefore, the credibility of the trend seems undeniable. 

In the following discussion, the comparison between the 
Denver and Hollywood rooms shall be restricted to total hip 
arthroplasties performed with the surgical teams using 
body exhaust suits under unidirectional airflow condi- 
tions. 3 

The results of the volumetric sampling of airborne 
microbes at the wound site indicates significantly lower 
(P < .05) counts at Hollywood as compared to Denver (0.4 
vs 3.7 colony-forming units per cubic meter). Although no 
significant difference was noted for the two volumetric 
sampling methods (slit and membrane samplers) during 
total hip replacements in Denver, a higher count was 
generally detected by the slit samplers at Hollywood. The 
significance of this is questionable, owing to the fact that, 
at Hollywood, the slit samplers were positioned on the 
operating room floor and were therefore more susceptible 
to accidental contamination. Wound site microbial fallout 
levels were also found to be much lower (P < .05) at 
Hollywood (0.54 vs 6.39 colony-forming units per square 
meter per minute). 

The microbiological sampling of wound site surfaces 
indicated low and similar contamination levels in Denver 
and at Hollywood. The highest wound site contamination 
was noted on the wound perimeter drape samples in both 
studies. Care was taken during both studies to avoid 
samples that came into contact with antibiotic solutions 
and, where residual germicides were present, nutrient 
media with neutralizers added were employed. 

Assays of the surgical apparel were performed with the 
hope of pinpointing microbial contamination sources. The 
greatest contamination level was noted on faceplate 
samples. This was lower (P < .05) than that detected on the 
Denver helmets (0.86 vs 1.71 colony-forming units per 
sample). Isopropyl alcohol (70%) was used at Hollywood to 
decontaminate faceplates; in Denver, a commercial germi- 
cide was used. It is thought that handling problems 
peculiar to the helmets predisposed them to the observed 
higher microbial contamination (the Hollywood faceplates 
are now gas sterilized). The level of outer gown contamina- 
tion was similar for the two studies (colony-forming units 
per sample: Denver, 0.24; Hollywood, 0.16). Complete pene- 
tration of microbes to the ambient environment may have 
masked the relative effectiveness of the Hollywood and 
Denver apparel systems as microbial barriers. Therefore, 
the environmental sampling data possibly reflected differ- 
ences in apparel effectiveness between the two studies. 

Since the majority of human-source airborne bacteria is 
associated with particles, it was deemed of interest to 
monitor particulate levels during surgical procedures. 
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Comparison of the data on volumetrie air sampling of 
airborne particulates at the wound site with that of the 
Denver study shows, at Hollywood, higher levels of small 
particles (< 5 um), but lower levels (< 5 u) of large 
particles (P < .05). The reduced number of large particles 
seen in Hollywood samples lends credence to the lower 
microbial levels found there, since it has been shown? that 
microbe-associated particles exist preponderantly in the 
larger particle size range. A comparison of particulate 
fallout data indieated lower counts (for both size ranges) at 
Hollywood, as compared to Denver (P < .05). The particu- 
late data should be viewed, however, only as an indirect 
backup of the microbial data and no attempt should be 
made to substitute particulate readings for microbial. For 
typical operating rooms (conventional or unidirectional 
flow), where large numbers of sterile particles are gener- 
ated, the correlation of the two proves difficult, if not 
impossible. 

The present study points to a reduced level of microbial 
contamination in the vertical vs the horizontal unidirec- 
tional flow operating room during orthopedie procedures. 
The reduction appears large enough and consistent enough 
to offset experimental factors that could have led to the 
differences. W. Whyte, MD, and B. H. Shaw, MD, have 
made a similar observation in the study of a unidirectional 


flow operating room that is interconvertible between 


vertical and horizontal flow (unpublished data, 1978). 

The levels of microbial contamination detected during 
the present study were extremely low, so low, in fact, that, 
despite a concentrated effort at sterility control for the 
assay procedures, in some instances the observed contami- 
nation could well have been within the realm of experimen- 
tal error. Charnley has reported similar microbial levels in 
his vertical flow/body exhaust system. 


CONCLUSION 


It is believed that, compared to the Denver horizontal 
flow room, the vertical flow room as utilized at Hollywood 
presented fewer obstructions in terms of lighting, draping, 
and material and personnel positioning to the unidirection- 
al flow airstream emanating from the HEPA filters, and 
that these were prime factors leading to the reduction in 
contamination observed at Hollywood. In the vertical flow 
room, it is inherently easier to avoid obstructions to the 
airflow that produce reverse turbulence and the associated 
contamination. 
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Detectable mierobial contamination was found to be 
associated with the surgical personnel in both studies. 
Apparently, during these studies, the efforts made to 
eliminate surgical-personnel-originated microbial contami- 
nation fell short. It is recommended that future work in 
this field be directed towards improvement of the micro- 
bial barrier between the surgeon and the clean air environ- 
ment. A Petri dish fallout plate gives results proportional 
to the findings of the slit and membrane samplers. It is an 
inexpensive and practical method of monitoring the 
airborne contamination in any area of the operating 
room. 


This study was accomplished under Jet Propulsion Laboratory (JPL) 
National Aeronautics and Space Administration prime contraet N AS7-100, 
and was funded by the Joint Implant Surgery and Research Foundation. M. 
D. Wardle was task manager for JPL. L. P. La Lime and G. M. Renringer of 
the Bionetics Corporation, Hampton, Va, provided technical support for the 
study. All operations were performed by Dr Bechtol. Installation of the 
vertical unidirectional flow clean room was funded by Hollywood Presby- 
terian Medical Center and the room was installed by Milton Cray. 


Nonproprietary Name and Trademark of Drug 


Polysorbate 20— T'ween 20. 
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The principal analgesic ingredient, oxycodone, is 
a semisynthetic narcotic with multiple actions 
qualitatively similar to those of morphine. The 
analgesic effect of oxycodone begins within 10 to 
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ophen, a nonsmarcotic anaigesic. complements 
the pair relief proviced by oxycodone. 


Summary oí Prescribing Infarmation 
Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence. physical 
dependence and tolerance may cevelop upon 
repeated administra$on; prescribe and administer 
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Bacteriology of the Operating Room 
With the Use of Helmet Aspiration Systems 


COL John A. Feagin, Jr, MC, USA 


© The bacteriology of the operating room with the use of the 
helmet-aspirator system has been discussed. The surgical team 
predictably contaminates the operating room. Current cotton 
gowns worn loosely about the neck do not serve as effective 
barriers to bacterial penetration. Barrier draping of the surgical 
team is possible with impervious materials, but requires the use 
of a helmet-aspirator system to dissipate the heat and particulate 
debris. These are commercially available and their use has been 
shown to decrease colony-forming particles, decrease wound 
contamination, and decrease wound infection. Barrier draping of 
the surgical team through the helmet-aspirator system is effec- 
tive and is to be recommended for infection-prone cases. 

(Arch Surg 114:790-792, 1979) 


Io bacteriology of the conventional operat- 

ing room and the horizontal and vertical unidirection- 
al rooms have been thoroughly discussed. The purpose of 
this article is to evaluate the use of the helmet-aspirator 
system in the operating room. 

We are at a critical juncture in the progress of recon- 
structive surgery. Our technical skills cannot proceed much 
further until new inroads have been made in the preven- 
tion of infection. We have faced such crises at least three 
times in the past 100 years of surgery. A brief historical 
review will serve to emphasize the crossroads at which we 
stand today. | 


HISTORICAL CONTRIBUTIONS 


In June of 1863, Pasteur published the results of his 
investigations. He stated that "the factor responsible for 
putrefaction was living microbes in the air, and these could 
become sterilized in one of three ways—by the use of heat, 
chemical agents, or filtration."' Lister, as a direct result of 
his communications with Pasteur, ushered into surgery the 
era of asepsis and antisepsis.* Although his personal contri- 
butions were largely in the field of antisepsis, Lister's 
understanding of airborne contamination is fundamental 
to the consideration of the helmet-aspirator system. 

Halsted introduced aseptic principles to American 
surgery. He taught the principles of skin preparation and 
heat sterilization that he had brought from the German 
school. Most appreciated of his contributions is the intro- 
duction of rubber gloves, which was both logical and 
fortuitous. Through Halsted's teaching and example, asep- 
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tie technique was firmly established as a discipline to be 
passed from surgeon to surgeon. 

The introduction of antibioties to surgical practice may 
have been a double-edged sword.‘ Their protection has led 
to a certain apathy about the prevention of infection. 
Nevertheless, the "panacea" of surgery under antibiotic 
coverage has allowed us to make substantial strides in 
complex and reconstructive surgery. The effective use of 
antibiotics intraoperatively has reduced our surgical infec- 
tion rate so that many have lost sight of the principles of 
asepsis. 

Charnley’s’ bold introduction of acrylic cement and 
polyethylene heralded a new era of surgery. The formative 
stages were turbulent and the effort to perfect the proce- 
dure was nearly aborted because it was fraugh: by infec- 
tion. Charnley’s determination, perceptiveness of the 
factors involved, and his synthesis of ideas resulted in the 
construction and utilization of the “greenhouse” and the 
first helmet-aspirator system. His classic article in 1964 
explains in detail the rationale of the greenhouse and laid 
the groundwork for the helmet-aspirator system. 

The helmet-aspirator system is our space-age contribu- 
tion that provides another link in the chain of prevention of 
infection for the surgical patient. 


BEHAVIOR OF AIRBORNE PARTICLES 


To appreciate the protection offered by a helmet-aspira- 
tor system, one must have a basic understanding of 
particle physics. Unoccupied conventional operating suites 
show a total particle count (greater than 5 u) of 9.0 particles 
per cubic meter per minute and a colony-forming count of 
0.02 to 0.36 colonies per cubic meter. Both viable and 
nonviable particles contaminate the surgical wound. The 
large contaminates (4 to 18 u), often said to be “nonviable,” 
serve as vehicles for the bacteria.’ These dust particles may 
be viewed readily in the operating light. This phenomenon, 
the Tyndall effect, is useful in evaluating grossly the 
particulate contamination in the operating suite before 
and after the entrance of the surgical team. Each of these 
large particles may transport 4 to 12 bacteria to the wound 
site.' 

The large particles are not suspended in the air through 
Brownian movement, as are bacterial size particles; rather, 
they are vectored to the wound by many activities and 
events associated with surgery. Arm movements gener- 
ated by the surgeon may produce currents of 18,000 
cm/min, which are far in excess of even the most efficient 
directional air flow rooms.’ Circulators opening and closing 
the doors also produce air currents that may overwhelm 


Helmet Aspiration Systems—Feagin 





directional airflow systems. These “bacterial transports" 
are alse affected by convection currents generated by the 
operating room lights and by the body heat emitted by 
each member of the surgical team. An actively working 
surgeon may generate 600 BTUs/hr, which is roughly 
equivalent to that ef a 150-watt light bulb.’ These convec- 
tion currents are generated over the operating table and 
are likely to entrair particulate matter and deliver it to the 
most vulnerable site, ie, the surgical wound. 

Another factor t» be considered is the effect of particu- 
late contamination on wound healing and wound infection. 
Foreign material ats symbiotically with bacteria in caus- 
ing wound irfectioas.'" More work must be done concern- 
ing the effect of smaller sized particles on human wounds 
and their role in sargical wound infection. Nevertheless, 
particulate shed is deleterious to primary wound healing. 
Great came must be taken that the source of particulate 
shed is not "upwind" from the wound in a unidirectional 
flow system, as this may cause increased wound contami- 
nation. 

This consideration of airborne particle physics and the 
effect on the distribution of particulate shed leads us to the 
concept ef “barrier draping” of the surgical team. The 
helmet-aspirator system is one form of barrier draping. 


STANDAFD OPERATING ROOM GARB 


Gowns loosely gathered at the neck, ill-fitting hoods, and 
face masks that are effective for less than one hour are the 
usual uniform for our personnel in the surgical arena. 
Convection currents, generated by body heat, rise across 
the body and seek £ source of egress. The only source is the 
root of the neck. Gowns with loose necks provide a funnel 
for these convectien currents that carries the epithelial 
scales and bacterie of our bodies. Schlieren photography 
verifies this discharge of bacteria-laden particulate 
contamination inte the operating site.'' Our surgical hoods 
vary in efficiency, depending on current hairstyles and 
completeness of fit. Surgical masks are rarely effective 
after one hour’ aad do not cover the angle of the jaw, 
whieh is one of the most contaminated areas of the 
body.'* 

The loose neck cf the gown is fundamentally the most 
notable culprit, because it is epen, but the cloth of the gown 
itself is only a lim ted barrier between body bacteria and 
the open wound. The pore size of conventional operating 
room gowns, whem new, is 40 to 50 u. This pore size, 
already grossly inadequate, deteriorates rapidly in the face 
of laundering and wear. Suc’ cloth barriers are ineffective 
when containmen- of bacteria and epithelial scales is 
absolutelv essential. 

Consistently, studies hav» shown the effectiveness of 
barrier draping with nonwettable synthetic fabrics." 
These fabries, however, waen applied to the working 
surgeon, become imtolerably hot. If outfits made of these 
materials can be cesigned with a ventilation system and 
adequate exhaust channels outside the operating room, 
they ean provide the effective bacterial barrier we need. 
The helmet-aspira-or system is fabricated on these princi- 
ples. 
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IDEAL HELMET-ASPIRATOR SYSTEM 


The ideal helmet-aspirator system would combat the 
deficiencies of standard operating garb and do so in a 
manner that would combine comfort, visibility, mobility, 
communicability, and sterility. Initially, Charnley applied 
the aspirator system only to the nose and mouth. He 
recognized that these orifices were not the only outlets for 
body contaminants and, in fact, often were not the major 
sources.’ Therefore, Charnley designed a surgical suit so 
that the exhaust system would be effective over the entire 
body. No ideal system yet exists, but the desirable features 
of the ideal system would include the following: 

1. A helmet that is light, comfortable, does not impair 
movement, and allows good peripheral vision without 
distortion. 

2. An exhaust system that is quiet, cool, can be regulated 
for individual comfort, and that expels its products into a 
trap, so as not to recontaminate the ambient air. 

3. A gown that is easily donned and is made of a 
nonwettable, nonporous synthetic material. It prevents 
egress of air currents and does not interfere with mobility. 
The material must be tough enough to withstand the 
abutment of tools and rigid enough so as not to collapse 
when a negative pressure is applied. The gown should 
permit the air to move freely from sites where heat and 
epithelial debris are produced to the exhaust system. These 
criteria set forth the design of the ideal system. None of 
the available systems fulfills the ideal, but the surgeon 
may select the system that most closely fits the above 
criteria and his needs. 


CURRENTLY AVAILABLE 
HELMET-ASPIRATOR SYSTEMS 


There are approximately ten helmet-aspirator systems 
on the market. Each system attempts to fulfill the ideal 
principles that have been enumerated. 

Helmet styles basically incorporate the support of the 
motorcycle helmet with an exhaust system. The current 
design of helmets seems to be generally satisfactory. The 
head is cooled by extraction of the convection currents; 
fogging of the mask is prevented by aspirating the expired 
air and after the helmet is adjusted, the fit is satisfactory 
for most surgeons. The helmet, when well fitted, allows 
good visibility for the surgical procedure, provides 
adequate mobility, and allows for communication with the 
surgical team. | 

Exhaust pumps may be portable or coupled with a 
clean-air plenum. The ideal system is quite, cool, electrical- 
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Wound infections in 1,192 clean cases. 


ly safe, and filtered into a known receptacle. The pump 
technology is readily available, but it is important to know 
how large the surgical team will be, so that the number of 
liters of air per minute required for evacuation and 
comfort can be determined. Pumps are available that are 
adequate to maintain the exhaust systems for six members 
of the surgical team at a flow greater than 6 L/min/ 
person. This is sufficient for comfort. The number of liters 
per minute required by each person varies directly with the 
surface area of that person. Thus, one who is rotund will 
require considerably more exhaust than his trimmer surgi- 
cal counterpart. The noise level varies with the flow rate 
and below 40 dB, should not require audio amplification. 

Each of the gown styles and fabrics has its limitations or 
undesirable features at the present time. The A-line gown 
of Charnley is comfortable, with adequate exhaust, but the 
overhead entry is awkward for some. Other gowns are 
gathered at the waist or neck, thereby preventing the 
convection currents generated by the body from readily 
being extracted by the exhaust system. Other gowns are 
wettable, porous, or deteriorate rapidly with wear. Gown 
design and fabric must be carefully considered by each 
surgeon, since there are so many available and none meet 
the ideal standard. 


STATISTICS RELATING TO THE 
USE OF HELMET-ASPIRATOR SYSTEMS 


Over a period of two years, we methodically sampled our 
operating suites under a variety of different conditions. 
We used both the Matson-Gravin slit sampler and the 
Climet particle counter. Average values obtained are 
reflected in the Table. Consistently, the clean air room 
augmented by a helmet-aspirator system showed a consid- 
erable decrease in particles greater than 5 u and in 
colony-forming particles. These same findings have been 
verified by Nelson et al.'* 

It is logical to expect that, since the major sources of 
operating room contamination are the people within the 
operating room, an efficient body exhaust system would 
greatly decrease airborne contamination by both particu- 
late and colony-forming particles. Again, attention must 
be drawn to the relatively unknown and unappreciated role 
of particulate contamination in wound infection. The most 


792 Arch Surg—Vol 114, July 1979 


direct path of contamination is the route by which orga- 
nisms are transferred through the surgical gown to the 
instruments, particularly during operations involving 
“manual labor.” This has been well documented by Charn- 
ley and Eftekar.'* This hazard is significant and must be 
prevented. The impervious gowns and adequate exhaust 
systems are necessary if we are to pursue the goal of 
aseptic surgery. 

Although infection rates in operating rooms will always 
be suspect because of the number of variables, our rate of 
wound infections in 1,192 clean orthopedic cases from 
1974 through 1976 has shown a considerable decrease as we 
have emphasized the use of clean air, helmet-aspirator 
systems, and nonpermeable synthetic gowns (Figure). 


COMMENT 


The rationale and development of the helmet-aspirator 
system has been considered from an historical perspective, 
from the contributions and thoughts of Charnley, and from 
its effect on wound contamination rates. Statistics from 
our own hospital support those of others. The deficiencies 
of standard operating room garb are evident. Asepsis must 
be our goal for reconstructive surgery if orthopedics is to 
progress in the next decade. The contamination by the 
operating room team is readily identifiable, the dissemina- 
tion of particles and bacteria are evident, and fabrics long 
considered barriers are suspect. 

Even the most rigid operating room discipline cannot 
prevent shed by the surgical team and this shec has been 
implicated in implant infections. A helmet-aspirator 
system is a logical method by which human particulate 
shed can be eliminated and another giant step forward 
toward the goal of totally aseptic surgery. 
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Summary of Clinical Data, as of September 25, 
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In 1977, we saic: "It is time 
to consider GORE- EX reinforced 
polytetrafluoroethylene (PTFE) 
vascular grafts as a viable alterna- 
tive to sephenous vein autografts.’ 

Has experience borne out that 
claim? Let's take amother look. 


The GORE-TEX” 
reinforced PTFE graft 
works. 


If anecdotes were data, 
we'd have no trouHle proving 
this point. Most surgeons who 
have used our zrafs are high in 
their preise. 

It is, in the maprity opinion, 
the first such graft to come close 
to the promises made for it. 

It is, aecording *o observations 
and recent in vitro studies, 
relatively thromboresistant. And, 
when a thrombus forms, it is easy 
to de-cict. 

It is, according to theory but 
not yet confirmed by data, less 
likely tc present embolism prob- 
lems later. (A thin. stable intima 
forms. Whether it’s a neointima, 


pseudointima, or true endothelium 


is open to debate —but the thin- 
ness is tae key to lmgic of 
the theory.) 

It is. m its reirforced form, 
much more resistamt than other 
versions of expanded PTFE to 
aneurysmal dilatation. It has high 
radial or bursting strength and 
high suiure-hcldirg power. 

And it is easy t» handle and 
use. Un ike woven or knitted 
grafts, it will rot ravel or 
fray. And it does not require 
pre-clotting. 

But :s it, as we stated earlier, 
a viable alternativ? to the 
saphencus vein? 

Yes, af. 

Yes, if there is mo vein 
available. 

Yes, if the vein is "borderline; 
either in size cr condition. 

Yes, if the »atient's condition 
is such that a prolonged exposure 


to anaesthesia, or even to the delay 


in providing the vein, is critical. 

Yes, if there is the likelihood 
of cardiac surgery, for which the 
saphenous vein should be saved. 

Given those indications, the 
GORE-TEX graft is, indeed, a 
viable alternative to the saphenous 
vein. But unless those conditions 
exist, prudence and experience 
make the saphenous vein the graft 
of choice. 


Arteriogram of a GORE-TEX polytetra- 
fluoroethylene graft during flexion of the knee. 


The problem 
of proof. 


As of September 25, 1978, 
there were approximately 
60,000 GCRE-TEX vascular graft 
implants, with over 6,000 follow 
ups. The cverall patency rate 
was 8796. 

Those data, sliced into what 
we hope a-e useful pieces, are 
presented :n Table at left. 

A close look at the data will 
reveal one problem: average 
follow-up times. 

They're too short. 

The problem is two-fold. 

First, we are, of course, 
dependent on the voluntary coop- 
eration of surgeons for our follow- 
up data. And we know that if you 
were to provide all the data that 


all manufacturers wanted, you 
would have to spend all of your 
hours filling out follow-up forms. 
And, of course, even if you had the 
time, you can't keep up with all 
patients over a period of years. 
The second part of the 
problem is statistical. The use of 
GORE-TEX grafts is increasing so 
rapidly that we will, for a long 
time to come, have a far greater 
number of recent implants than 
of old ones. (For every GORE-TEX 
graft implant used three years ago, 
there are almost 100 used today. 
Our current reported rate-of-use is 
approximately 5,000 per month.) 
This necessarily skews our 
data average toward the more 
recent history. Which is also true 
for a life table method of data 
presentation. Even though the 
maximum experience reported in 
each category is in the two-to-three 
year range, the weighted averages 
are more like two-to-three months. 


More data. 
More problems. 
Some suggestions. 


On the last page of this 
advertisement, you'll find a bibli- 
ography of published experimen- 
tal and clinical reports on the use 
of GORE-TEX vascular grafts, and 
a coupon for your convenient use. 

One problem is that we know 
the list is not current. Additional 
papers are always being delivered, 
and published. If you would like 
us to keep you up-to-date as new 
reports appear, check the appro- 
priate box on the coupon. 

A more basic problem with 
these data, and ours, and all 
vascular statistics is the lack of 
uniformity in reporting. We're 
supporting efforts to establish 
some profession-wide protocols 
begun with a symposium at the 
1978 meeting of the American 
College of Surgeons. If you have 
any suggestions at all, we'd appre- 
ciate them. Just write to us. 





GORE-TEX’ 
vascular grafts, 
e. PE A. n 
in brief. 

GORE-TEX vascular 
grafts are made of expanded, low- 
density polytetrafluoroethylene 
(PTFE], reinforced by a strong, 
fine lattice of the same material 
wound about the exterior. 

GORE-TEX vascular grafts 
are easy to handle, with excellent 
resistance to kinking. And they 
exhibit high suture-holding 
power. They are, of course, fully 
biocompatible and, unlike 
knitted or woven prostheses, do 
not require pre-clotting. 

GORE-TEX vascular grafts 
for vascular surgery are available 
in a wide range of diameters. 

See next page for free 
GORE-TEX graft test-pack and 
complete bibliography, available 
as reprints. 


Free test-pack 
7 
^ 
reprints. 
Submit the handling and 
suture-holding characteristics 
of GORE-TEX grafts to the most 
meaningful test equipment: your 
own hands. Our test kit, not 
intended for actual surgery, 
includes a short length of a 
GORE-TEX graft and a 6-0 
double-armed suture. Try it for 
yourself. Also, take your choice of 
reprints of any of the experi- 
mental, clinical, and engineering 
reports listed. 
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To sterilize: g 

Grafts may be sterilized using steam, gas 
or flash autoclave techniques. Remove the 
graft from the PVC blister tray and 
repackage for sterilization. Do not place 
the package label in contact with the graft 
during sterilization. Do not place objects 
on the repackaged graft during steriliza- 
tion. (See Contraindication #5 6) 

Using steam, autoclave at or 1bove these 
minimum requirements: 250? Fahrenheit 
(121? Centigrade) for 20 minutes at 15 p.s.i. 
Grafts heal never be exposec to 
temperatures greater than 482° Fahrenheit 
(250° Centigrade). 

Using a flash cycle, sterilize at or above 
these standard minimum requ_rements: 
270? Fahrenheit (132° Centigrade) for 
3 minutes at 30 p.s.i. Grafts should never 
be exposed to temperatures greater than 
482? Fahrenheit (250? Centigrade). 

Using gas, sterilize according to 
equipment instructions. 1 


Indications: 

1. Use a 5-0 or 6-0 nonabsorb:z ble suture 
with a cardiovascular needle fo- best 
results on graft diameters of 6mm or less. 
Larger sutures may be used with larger 
diameter grafts. 

2. Intra-operative inspection of 
anastomoses using irrigant solutions may 
result in serum leakage when b.ood flow 
is established in the graft. To prevent 
this, care must be taken not to generate 
syringe pressures sufficient to fcrce 
irrigant through the graft walls To do so 
will alter the hydrophobic (non-wetting) 
properties of GORE-TEX. (See Contra- 
indication 11) 

3. Trim grafts to desired length using 
sharp surgical instruments. Grafts should 
be handled with clean forceps or gloves. 
GORE-TEX grafts are not "elastic/ There- 
fore, proper matching of lengths is 
essential. If the graft is cut too short, 
excessive stress may be placed cn the 
sutures and the graft at the anastomosis. 
(See Contraindication #10) 

4. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are necessary, 
that needle puncture sites are spaced apart 
along the accessible sub-cutaneous length 
of the graft. Repeated needle puacture of 
the graft at the same site, or within the 
same immediate area, may cause me- 
chanical damage to the graft which could 
lead to hematoma, false aneurysm or true 
aneurysm. Patients should be czrefully 
monitored to assure that this instruction 
is followed. 

Contraindications: 

1. Do not pre-clot the graft. 

2. Do not sterilize by irradiaticn 
techniques. 

3. Grafts should never be exposed to 
temperatures exceeding 482° 
Fahrenheit (250? Centigrade). 

4. Do not sterilize more than three times. 

5. During sterilization, do not place 
grafts under heavy or sharp objects 
which might crush the grafts. 

6. Do not attempt to sterilize the label 
attached to the PVC blister tray at 
high temperatures, as the materials 
(inks and adhesives) on the abel may 
contaminate any objects in contact 
with the label during the sterilization 


cycle. 

7. Do not handle graft with ungloved 
hands. It should be handled only with 
clean instruments. 

8. Do not attempt to resterilize any 
unused graft portion which aas been 
contaminated with blood or any other 
foreign material. 

. Do not use absorbable sutures. 

. Do not cut graft while holdiag under 
tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX 
graft is a composite structure consist- 
ing of an inner base tube and a thin 
outer layer which reinforces the base 
tube to prevent aneurysmal c ilatation. 
Do not use any portion of a GORE-TEX 
graft which has damage to o- separa- 
tion of the outer layer of the graft. 

Should the outer reinforcing layer 
become frayed at the end of the graft, 
do not pull on or peel the outer ber 
from the base tube. Carefully trim off 
the portion of the graft where the outer 
layer is frayed. 

. Do not force irrigating solut-ons 
through the graft wall. Doing so may 
result in serum leakage after blood 
flow is established. 

. Do not place grafts in any fluid prior 
to use. Doing so may result m serum 
leakage after blood flow is ezablished. 

. Do not puncture the graft repeatedly 
at the same site, or within the same 
immediate area. (See Indication #4) 









W. L. Gore & Associates, Inc. 
. P.O. Box 1220 


ob info rced Route 213 North 
Elkton, MD 21921 


Gentlemen: 
[_] Please send me your GORE-TEX vascular graft test kit. 
a Please send me the reprints and reports whose numbers 
I have circled. 
t 3. Sr DX, 75 9. 11. 13. 15. 
2 4. 6. 8. 10. 12. 14. 16. 


[] Please send me additional reprints as they are published. 





[.] Please have your representative call for an appointment. 


Enclosed are my suggestions for standardization of vascular 
statistics. 





Name 


Address 





Cit» State Zip 
Hospital Affiliation 





Surzical Specialty 









AMA DRUG EVALUATIONS, Third Edition, has 

& n iz uw set new standards for objectivity, reliability, and 
comprehensiveness in a drug compendium. The 

official AMA drug manual, it combines the best 

sta n ei r medical opinion of your colleagues and has been 
" designed to give you the information you need on all 

recognized uses and routes of administration — labeled 


e Objective e Reliable and unlabeled—for virtually all drugs currently 
* Comprehensive available in the U.S. 







AMA-DE/3 covers virtually every significant drug 
prescribed in the U.S. today. That amounts to in- 
dividual evaluations for more than 1300 single-entity 
agents (61 new to this edition)— plus listings for 
hundreds of additional mixtures and proprietary 
preparations, both prescribed and over-the-counter. 










AMA Stylebook/Editorial Manual 


The Sixth Edition incorporates changes in style and 
usage obtained from experience in the editorial 
offices of AMA's Scientific Publications Division. 
Emphasis is on specific points of style used in JAMA 
and AMA's nine specialty journals. $6.50 
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Operating Room Environment 


Clean Air Bench 





Use for Sterile Maintenance of Unwrapped Surgical Instruments 


Charles Fremstad, John S. Welch, MD 


e Microbiologic sterility of unwrapped surgical instruments 
has been maintained for long periods by the use of an operating 
room instrument cabinet that continuously circulates high-flow, 
“particle-free” air. Use of this clean air bench has had excellent 
acceptance by operating room nurses and by surgeons because 
fewer instrument storage procedures are needed and setup time, 
takedown time, and case turnover time in the operating room are 
diminished. It has been found to be effective in operating rooms 
having busy schedules for both elective and emergency proce- 
dures. 

(Arch Surg 114:798-802, 1979) 


esie methods are used in hospital operating rooms to 
supply sterile surgical instruments to the operating 
table. Each requires considerable time and effort of 
personnel and investment in specialized equipment and 
storage space to ensure the sterility of surgical instru- 
ments delivered to the operating table. One general meth- 
od is to package instruments on a case basis and supply 
them for use on a case table. Another method is to supply, 
by sterile technique, case instruments from a hooded 
master table or back table containing a variety of instru- 
ments. The same master table may be used for several 
consecutive surgical procedures in a given room throughout 
a single surgical day and is replenished by the operating 
room nurse as instruments are resterilized. 

The daily master table concept had been used in two 
general hospitals affiliated with the Mayo Clinic for many 
years. During the last five years, the case method has been 
used at one and the use of the master table has continued 
at the other. With both methods, the infection rates for 
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general surgical procedures have been comparable. 

In the setting of a tertiary medical center with high 
surgical case volume and a great variety of procecures, the 
master table has several advantages. First, a broad array 
of instruments is immediately available to the cperating 
room nurse in the event of unexpected operative findings. 
Second, the purchase and maintenance of duplicate sets of 
instruments are minimized and the required storage space 
for wrapped instruments is lessened. Third, time and 
effort expended between cases in preparing instruments 
are minimized, because there is no need for sterile instru- 
ment wrapping and unwrapping or a complete sterile table 
preparation. Fourth, preparation for unscheduled or emer- 
gency procedures is simplified by the immediate availabil- 
ity of a store of instruments already sterilized ar.d sorted. 
Fifth, and unique to the bench herein described, which 
remains always stocked, morning setup and evening take- 
down times are eliminated or limited to the aseptic restock- 
ing of the unit by the replacement of previously used and 
sterilized instruments. 

Despite the fact that most surgical units in the United 
States package instruments on a case basis to minimize 
airborne contamination, in recognition of the aforemen- 
tioned potential advantages, the daily master table seemed 
worthy of additional study and improvement to increase its 
ability to protect stored instruments from airborne 
contamination. 


CLEAN AIR 
Principle 


The clean air principle, employing standardized microfil- 
tration of entering air, is largely a product of the needs of 
the space-age industry. A refinement of the clean air 
handling system to filter entering air adds the movement 
of filtered air along parallel lines (laminar flow) to mini- 
mize dead space and particle settling. The key to the purity 
of the environment remains the cleanliness of the air 
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emitted. All “clean” rooms and work stations must use a 
bank of high-effieieney particulate air (HEPA) filters. 
Such certified filters must eliminate 99.97% of airborne 
particles 0.3 » in diameter or larger. In most cases, a 
prefilter system is used to remove larger airborne particles 
and thas preserve the useful life of the HEPA fitter. 


Applications 


Bioclean work s-ations and cabinets, with the we of the 
above principles ef laminar flow and continuous HEPA 
filtration, have had various industrial uses. Such cabinets 
seemed applicable in the operating room for safe szorage of 
unwrapped sterilized instruments over long pericds. 


SURGICAL INSTRUMENT CLEAN AIR CABINET 


The first cabinet was obtained late in 1971 for s:udy and 
probable operating room use (Fig 1 and 2). The irterior of 
the glass and stainless steel bench is illuminated. Un- 
wrapped sterile instruments may be housed on tw» shelves 
in the 1.86 sq m space, and ring-handled instruments may 
be hung from 20 pin racks. All instruments contained 
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Fig 1.—Close-ur of clean air surgical instrument bench. 





Fig 2— Withdrawal ef instrument from clean air surgical instru- 
ment bench. 
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therein are subject to a constant flow of filtered air. The 
front of the bench has a sliding glass door (or an optional 
lightweight plexiglass door) that may be kept closed when 
the necessary instruments have been removed or may be 


locked when the operating room is not in use 


(Fig 3 and 4). 
CABINET PREPARATION STUDY 


Initial studies were performed outside of the operating 
room to ascertain whether the passage of filtered air alone 
at 18.3 m/min through the closed cabinet (purging) would 
render the interior of the cabinet sterile. After five days of 
undisturbed filtration, surface sampling revealed many 
colony-forming units still present, particularly on the 
horizontal work surface (Fig 5). 

Subsequent testing was performed after autoclaving of 
the interior removable sides and horizontal shelves, aseptic 
reassembly, six hours of closed filtration, and subsequent 
aseptie stocking with a variety of sterilized test objects. In 
nine separate tests, a surgical instrument from three 
horizontal sites was removed and studied microbiologically 
after exposure of 3.3 to 33.6 hours to filtered airflow at 18.3 
m/min. Similarly, in each test, 20 previously sterilized 2.5 
X 7.5 em glass slides were exposed in different positions 
on the horizontal shelf for 4.0 to 33.6 hours and three 
settling plates were similarly exposed for 4.0 to 9.0 hours. 
Except for one test in which two of three surgical instru- 
ments produced colonies on culture, all other tested objects 
produced no growth (Fig 6). A technical error in the 
stocking procedure may have produced the single unsatis- 
factory test. 

The results of these and other similar tests made it clear 
that sterilization of the cabinet interior and aseptic tech- 
niques of stocking and restocking were required to achieve 
acceptable goals for long- and short-term surgical instru- 
ment housing within an operating room setting. Moreover, 
with the use of this preparation technique, the clean air 
bench seemed to be capable of maintaining instrument 
sterility for prolonged periods. 


BACTERIAL TESTING OF CABINET IN USE 


In addition to the initial testing of the cabinet noted 
above, periodie testing of the contents was performed and 
is recommended during cabinet use. Tagged sterile surgi- 
cal test instruments were allowed to remain on the 
prepared, purged, and stocked bench for various periods, 
and cultures of samples were taken to detect possible 
bacterial contamination. In our testing method, three test 
instruments were taken from each shelf and transferred 
aseptically to petri dishes large enough to hold a sizable 
surgical instrument. The instrument then was covered 
with liquid trypticase soy agar and incubated at 37 °C for 
seven days in the microbiology laboratory. 

In the second phase of study, the initial bench was placed 
into limited clinical use in July 1972 with the use of an 
airflow of 18.3 m/min. This flow, somewhat lower than the 
National Aeronauties and Space Administration standard 
of 27.4 + 3.0 m/min, was expected to be effective because 
the cabinet functioned as a closed laminar flow bench more 
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HEPA Filter 


Back Access Panel (HEPEX Replacement) 


Return Air Duct 


HEPEX Plastic Plenum 


Note: Clean Edge Shear Design 
(No Turbulence/Back Currents) 


HEPA Protective Screen 


Fig 4.—Sterile instrument cabiret (ta- 
bletop configuration). HEPA indicates 
high-efficiency particulate air. 


Safety Screen (12.5 cm Wide) 


Perforated Stainless Front Air Return 


Stainless Steel Tabletop (2 Sections) 





than 5066 of the time. Culture studies during that period of 
actual clinieal use revealed less-than-ideal function. Effec- 
tiveness, however, was judged to be sufficient to warrant 
continuing use and biologic survey. 

Results of these bacteriologic surveys, and those that 
commenced in February 1973, of the first bench and two 
similar benches in use in three general operating rooms are 
shown in Fig 7. The studies of the three cabinets in nearly 
daily use involved the testing of instruments, as noted 
above, from six bench locations after exposure of the 
cabinet to airflow at 18.3 m/min for 8 to 60 days. 

The third phase of use of the same benches in the same 
general operating rooms commenced in November 1973. At 
this time, airflow was increased to 27.4 m/min but no other 
change was introduced. This resulted in greatly improved 
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maintenance of sterility of instruments (Fig 7). Interest- 
ingly, culture studies of one bench revealed, in early 1976, a 
single positive culture. Examination of the HEPA filter 
showed a small area of physical damage. After replace- 
ment of the filter, culture studies have disclosed no bacte- 
rial growth from instruments on the bench. 

These experiences support the belief that instrument 
cultures from the prepared benches should grow no bacte- 
ria, despite constant open and closed usage of the cabinet, 
provided that the stream of air remains uninterrupted at 
27.4 m/min and the filters remain intact. It is recom- 
mended, however, that cultures be taken of tagged instru- 
ments twice monthly during the initial phase of constant 
use. Subsequently, culture studies at three-month intervals 
should be sufficient if the cabinet is operating satisfacto- 
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Fig 5.—Results af bacteriologic survey after five-day purging only 
(60 FN). 
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Fig 7.—Results ef basteriologic study of clean air benc, instru- 
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rly and is without contamination or electrical current 
interruption. 


RECOMMENDED PREPARATION 
AND USE OF THE UNIT 


The stainless steel interior bottom, sides, and pin racks 
and the glass shelves of the bench are removed fcr initial 
autoclaving while the unit is turned on and purged for six 
hours. Then, the autoclaved parts are replaced aseptically 
in the bench, and the pin racks for ring-handled instru- 
ments are put in place. Sterilized surgical instruments 
needed for all types of cases common to a given operating 


_ room are transferred aseptically into this clean airflow 


bench, where they remain in place within the closed 
functioning cabinet for an indefinite period er until 
used. 

Adcitional items that may be stocked in the bench are 
suture packets for she day, the needle boat containing the 
various eyed neecles, sterile pitchers and basins, and 
sterile handles for operating room lights. Packaged mate- 
rials, such as laparetomy packs or surgical sponges, should 
not be placed in the bench, as they unduly disrupt the 
laminar Sow and cause an excessive amount of lint to 
accumulate on the filters. 
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Test 1 3 5 7 9 


x Settling Plate— Three Horizontal Sites (4.0 to 9.0 hr) 
e Glass Slide Method—20 Sites (4.0 to 33.6 hr) 
o SterileInstrument— Three Horizontal Sites (3.3 to 33.6 hr) 


Fig 6.—Results of bacteriologic survey in liquid soy agar culture 
medium after autoclaving and six-hour purging (60 FM). 


After the initial setup, the bench contents are exposed to 
a continuous horizontal cross-flow current of air recireulat- 
ing at approximately 27.4 m/min. With the cabinet door 
closed, approximately 5% ambient air is admitted into the 
filtration stream. With the glass door fully open, approxi- 
mately 15% to 20% room air is drawn in to enter the 
filtration stream. Before passing through the final HEPA 
filter, circulated air is passed through three disposable 
prefilters that remove about 50% of the atmospheric dust. 
The HEPA filter eliminates 99.97% of 0.3 p and larger 
airborne particles. Because flow relates directly to the 
cleanliness of the two filtration Systems, the unit is 
designed to display a readout of airflow resistance. A 
warning light will indicate whether the electrical current 
has been interrupted temporarily while the unit has been 
unattended. These indicators should be checked daily. 

In our experience, no features in the operating of a clean 
air bench have been uniformly troublesome to personnel in 
a given surgical area. With the cabinet glass door closed, 
the noise level does not exceed 20 dB (on the A scale) over 
ambient room noise. The cabinet motor and illumination 
heat increase room temperature about 2.8 °C. The nonster- 
ile face of the bench has front fasteners for optional sterile 
drape protection of the operating room nurse. The sterile 
draping of this area has not been used routinely in our 
practice. The glass door may be locked for security at the 
end of the day. 

The bottom of the cabinet contains approximately 0.93 
sq m of nonsterile storage shelf space. The entire unit 
measures 188.75 em long by 207.5 em high by 92.5 em deep 
and fits easily into standard operating rooms. Specifica- 
tions relating to the present benches are as follows: 

1. Freestanding floor console, horizontal flow. 

2. White vinyl clad on steel exterior. 

3. Stainless steel interior. 

4. Safety plate glass full-closure front window, counter- 
weighted. 

5. Instrument storage shelf of reinforced safety glass, remov- 
able and with rear stop. 
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6. Adjustable side and center shelf supports. 
7. Two-lamp fluorescent illumination with safety glass shield. 
8 Removable air duct at rear of cabinet (for narrow door- 
Ways). 

9. Retractable legs with levelers (will permit cleaning under 
cabinet, yet also go through a standard 200-cm doorway). 

10. Instrument light that indicates when power has been off; 
key reset. 

1l. Separate motor and light switches. 

12. Intake air filter service indicator. 

13. Final HEPA filter service indicator. 

14. Electrical installation that complies with national and hospi- 
tal codes. 

15. Double HEPA filter protective screens, exterior screen 
removable. 

16. Front protective drape fastener(s). 

17. Ten pairs of adjustable rods for ring-handled instrument 
(forceps) storage, interior top. 

18. All shelves, rods, and screens in direct contact with instru- 
ments are removable and fit into a 60 x 75 x 150 em autoclave. 
19. Ambient air base storage cabinet with one fixed shelf. 


Performance specifications are as follows: 


1. Recirculating horizontal laminar flow. 

2. High-efficiency partieulate air filler; minimum efficiency, 
99.97% of all particulate matter 0.3 u and larger. 

3. Leakproof air duct. 

4. Cabinet rear access to HEPA filter. 

5. Disposable glass fiber intake air filter, front access. 

6. Airflow factory-set at 27.4 m + 3.0 m/min. 

7. Air loss from cabinet approximately 15% to 20% with glass 
cabinet door open, 5% with door closed. 

8. Adjustable baffles to control airflow between upper and 
lower return air ducts and air loss from cabinet. 

9. Power requirement: 120 V, 11 A, 60 Hz. 

10. Solid-state motor, speed control, adjustable airflow to 33.5 
m/min. 

11. Minimum 150 foot-candle illumination at tabletop. 

]2. Noise level not to exceed 20 dB (on A scale) over ambient 
room noise with closed glass cabinet door. 


CLEAN AIR BENCH 
CERTIFICATION 


Specifications regarding the effectiveness of the HEPA 
filter are certified originally by the manufacturer of the 


bench. Recertification is done in the operating room on the 


functioning unit and includes a minute-scanning of the 
HEPA filter plenum with a particle counter having the 
capability to detect particles 0.3 u or larger. Abnormal 
particle counts may indicate loss of HEPA filter effective- 
ness, usually related to physical damage. On the basis of 
our experience, we recommend that particle counts be 
made at least annually by the manufacturer or a reputable 
firm. Additional filtration testing should be done immedi- 
ately if periodic bacterial studies are unsatisfactory. 


USE IN A TERTIARY HOSPITAL 


Clean air benches have been in use in three general 
surgical operating rooms at Rochester (Minn) Methodist 
Hospital for more than four years. During this time, there 
has been little upkeep expense. Although this sterile 
instrument storage cabinet has been useful in high-volume 
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surgical areas, certain other operating room practices (such 
as the use of separate closure instruments) are adaptable to 
this aecessory. Currently, these benches supply surgical 
instruments for a wide variety of general and thoracic 
surgical cases, elective and emergency, clean and contami- 
nated. During 1975 and 1976, each operating room 
furnishec with the clean air bench averaged 816.3 surgical 
cases, a utilization of 100.3% (based on a six-hour total 
anesthesia care day). 

It should be repeated that early studies revealed less- 
than-desired function of the bench until an airflow of 27.4 
m/min was used. Practices that may result in flow inter- 
ference should be avoided. Linens, sponges, lap pads, and 
cloth materials should not be stored temporarily or perma- 
nently within the bench, because lint from these items may 
accumulate on the filters and limit their efficiency or their 
size may cause alteration of effective laminar flow. 

Paper drapes or gowns are not used in our practice, but 
the prefil:er airstream does attract lint in small quantities 
from other room areas, especially when the door is left 
open for long periods. For this reason, annual takedown, 
cleaning, and reassembly are advisable. Furthermore, 
although the effective life of the HEPA filter in an already 
sheltered surgical area has not been tested in our study, the 
filter should be replaced routinely every two years or at 
any time its efficiency cannot be certified. 


COMMENT 


We have found that effective and efficient performance 
of the laminar flow surgical instrument storage table is 
related to a metieulous and routinized technique during 
preparation, stocking, and use. No claim is made that the 
bench sterilizes a nonsterile instrument, but maintenance 
of the sterility of instruments is related to airflow and its 
filtration. 

The continuing use of the clean air bench requires only 
slight modifications in the work-flow patterns of operating 
room personnel. These should include a checklist for each 
on-stream bench, individual case transfer instruments 
used by persons who have scrubbed for surgery, and a 
complete clean-resterilization-resetup procedure whenever 
the cabinet has been contaminated (even though the 
contaminant, such as water from a splash basin, may be 
sterile). Programmed bacteriologic studies are an effective 
monitor of total bench function; they should be done at 
least every three months. Suggested on-stream mainte- 
nance for the clean air bench is as follows: 


1. Check current interruption light daily. 

2. Check flowmeter daily. . 

3. Do irstrument culture study twice monthly (initial). 

4. Do irstrument culture study every three months (final). 

5. Replace prefilter twice yearly. 

6. Perfcrm complete clean-resterilization-resetup procedure 
annually. 

7. Conduct particle count at least annually. 

8. Replace HEPA filter every two years. 


The cabinets described herein were planned jointly by the Rochester 
(Minn) Metaodist Hospital Surgical Department and M. B. Coventry, MD, of 
the Department of Orthopedics, Mayo Clinic, Rochester, Minn. 
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Reduction of Deep Sepsis After 


Total Hip Arthroplasty 


Robert H. Fitzgeralc, Jr, MD; Charles O. Bechtol, MD; Nas Eftekhar, MD; J. Phillip Nelson, MD 


è The role of the eperating room environment in the develop- 
ment of Geep sepsis after total hip arthroplasty was studied at 
four centers. The incidence of deep sepsis after 5,865 total hip 
arthroplasties perfomed in the four centers varied from 0.5% to 
2.3%. Procedures performed in a conventional operating room 
were associated with the highest incidence of deep sepsis 
(1.3%). The use of a vertical, unidirectional airflow system with a 
helmet aspirator sui e was associated with the lowest incidence 
of deep sepsis (0.5%). Although patients with previous hip 
Surgery had an ncreased incidence of deep sepsis regardless of 
the operating rcom environment, those procedures per*ormed in 
a vertical. unid rectipnal facility had a lower incidence of deep 
sepsis. Newer tschreques designed for the reduction of airborne 
contamination of the operative wound seem to reduce the 
incidence cf deep-wound sepsis after total hip arthroplasty, 
especially in petients with previous hip surgery. 

(Arch Surg 114:8C3-804, 1979) 


‘rborne basterial eontamination of the operating room 
and of sargieal wounds can be reduced by the many 
different tecnniques described in this symposium. 
Although airborne bacterial contamination can be a source 
of posteperative wound sepsis, the frequency of th s source 
of deep sepsis remains controversial! Infections after 
surgical procedures that violate a hollow viscus are rarely 
caused by barterzl flora isolated from the air of the 
operating room. Im contrast, the causal organism isolated 
from septie wouncs after joint implant surgery is usually 
similar te that isolated from the air of the operating 
room. 


We wish to detzil our experience with these teehniques 


during one procedure—total hip arthroplasty. Although 
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many variations in technique and patient selection are 
represented, we hope to provide a comparison of the 
incidence of deep sepsis using the different techniques 
within the operating room. _ 


MATERIALS AND METHODS 


A total of 5,865 total hip arthroplasties were performed at four 
different institutions. In institution A, 518 procedures were 
performed in a vertical, unidirectional airflow facility with a 
personnel isolator system. In institution B, 131 procedures were 
performed in a conventional operating room and 580 procedures 
were performed in a horizontal, unidirectional airflow facility with 
or without a personnel isolator system. In institution C, both a 
conventional operating room (1,000 procedures) and a vertical, 
unidirectional airflow enclosure with a personnel isolator system 
were used (500 procedures). In institution D, 3,215 procedures were 
performed in a conventional operating room. 

Antimicrobial therapy for systemic effect was administered 
beginning the evening before surgery and for 48 to 72 hours after 
surgery to all patients at institutions B, C, and D. Parenteral 
antimicrobials were not administered at institution A. The opera- 
tive wound was irrigated with antibiotic solution during the 
procedure at all four institutions. The operative technique used at 
all institutions was that described by Charnley.' 

Patients selected for treatment had various underlying patho- 
logic conditions of the hip. Most had degenerative joint disease. 
Total hip arthroplasty was contraindicated in patients who had 
evidence of sepsis or lack of bone stock from a previous destructive 
process. 

A septic postoperative wound was defined as one that was 
inflümed and that drained purulent material that was either 
positive or negative on culture but contained many polymorphonu- 
clear leukocytes on microscopic examination. When purulent 
material extended beneath the fascia, the infection was classified 
as deep. In many deep infections, purulence was confined to the 


deep tissues and was accompanied by minimum or no external 


evidence of sepsis. 

Follow-up examinations varied at the different institutions but 
basically included reevaluation at two to three months and one, 
two, and five years after surgery. All 518 patients treated at 
institution A have been followed up for more than four years. Of 
the 711 patients treated at institution B, 150 have been followed up 
for less than one year; the remaining 561 patients have had a 
minimum follow-up of one year. Of the 1,421 patients treated at 
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institution C, 1,240 have had a two-year follow-up examination. All 
but four of the 3,215 patients treated at institution D have been 
followed up for two years. 


RESULTS 


The overall incidence of deep sepsis for this group of 
5,865 patients with total hip arthroplasties was 1.1% 
(Table). Patients without previous hip surgery had a 
significantly (P < .001) lower infection rate (34 of 4,243 
arthroplasties or 0.8%) than did patients who had previous 
hip surgery (34 of 1,622 arthroplasties or 2.1%). Overall, the 
infection rate was highest at institution B, where the 
procedures were performed both in a conventional and a 
horizontal, unidirectional airflow facility. The next to the 
highest rate was noted in institution D, where all proce- 
dures were performed in a conventional operating room. 
Institution C, using both a vertical, unidirectional airflow 
facility and conventional operating room, had the lowest 
infection rate. However, the follow-up was not as long as 
that in institution A, where an infection rate of a similar 
magnitude was noted. 

Institution A noted an extremely low infection rate in 
patients without previous surgery—one of 321 procedures 
(0.3%) in contrast to two of 197 procedures (1.0%) 
performed on patients with previous hip surgery (Table). 
At institution B, when the procedures were performed in a 
clean room rather than a conventional operating room, a 
decrease in the infection rate from 7.6% (ten of 131 hips) to 
1.0% (six of 580 hips) was noted. The subsequent introduc- 
tion of a personnel isolator system and routine periopera- 
tive antimicrobials resulted in the further reduction of the 
infection rate from 3.0% (four of 135 patients) to 0.6% (two 
of 337 procedures). These patients received cephalothin. 

The infection rate in institution C was 0.4% for proce- 
dures performed in the downflow, unidirectional airflow 
facility and 0.5% for procedures performed in the conven- 
tional operating room. In institution D, two types of 
conventional operating rooms were used: one with a high 
rate of air exchange (28 to 32 room air exchanges per hour) 
and another type with a low rate of air exchange (12 to 14 
room air exchanges per hour). Deep sepsis was twice as 
frequent (P — .05) after total hip arthroplasty performed 
in the older operating rooms with lower rates of air 
exchange than after arthroplasty performed in rooms with 
higher rates of air exchange. The incidence of deep sepsis 
was 1.7% (31 of 1,854) in hips operated on in the rooms with 
low rates of air exchange and 0.8% (11 of 1,361) in the hips 
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operated on in rooms with high rates of air exchange. In 
the older operating rooms with low rates of air exchange, 
the incidence of deep sepsis after operations performed 
early in the day was only 1.4%, whereas that after the 


procedures performed 
(P < .05). 

In comparing the infection rates in institutions A, B, and 
C with the rate in institution D, a reduction in the overall 
incidence of deep-wound sepsis from 1% to 0.5% was noted 
with the use of either horizontal or vertical unidirectional 
airflow. Only institution B varied, but closer inspection of 
the infection rate at institution B showed that -he intro- 
duction of a personnel isolator system and routine antimi- 
crobials, in addition to a cross-flow, unidirectional air 
facility, resulted in a deep infection rate of 0.6%. Overall, 
the rate of deep sepsis in patients with anc without 
previous surgery was twice as high when the procedures 
were per^ormed in a conventional operating room (47, 1.1%, 
of 4,215) or a horizontal clean room (six, 1%, cf 580) as 
compared with the rate after procedures performed in a 
vertical clean room (five, .6%, of 821). 


COMMENT 


Although the data from all four institutions came from 
prospective studies, numerous problems are pcsed by a 
study comparing infection rates in various institutions. 
The follew-up of any prospective series analyzing the 
incidence of deep-wound infection is critical. The follow-up 
is incomplete and of insufficient duration in two of the 
institutions reporting the results. The follow-up at institu- 
tions A and D is adequate, but a five-year follow-up 
examination will be necessary to substan-iate the 
figures. 

With these inadequacies in mind, this comparison study 
suggests that the use of a unidirectional airflow facility in 
the operating room may be capable of reducing the inci- 
dence of deep-wound sepsis after total hip arthroplasty. 


later in the day was 2.8% 
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Use of Antimicrobials in the 


Management of Open 


. Ramon B. Gustilo, MD 


* The rcie of entibiptic therapy in open fractures is secondary 
to adequate debridement, irrigation, and definitive wound care. 
Experimental and clirical studies indicate that parenteral admin- 
istration of apprepria‘e antibiotics within three hours after injury 
helps to prevent wound sepsis. Initial wound cultures of 158 
open fracture wounds revealed bacterial growth in 70.3%. Eighty- 
six were Gram-positive, 57 were Gram-negative, and 32 yielded 
mixed bacterial growth. Sensitivity studies of these organisms 
suggest that cephalothin sodium is the most effective antibiotic 
for prophylaxis. In a prospective study from 1969 `o 1975, 
treatment of 52C patients was as follows: debridement, copious 
irrigation, and primary closure for types 1 and 2 fractures and 
secondary closure for type 3 fractures. No primary internal 
fixation was done except in vascular injuries. Cultumes were 
taken of ail wounds and antibiotics were given before surgery 
and for three days »ostoperatively. In type 3 open fractures, 
severe soft tissue injury, and segmental or traumatic amoutation, 
the infection rate was 996, compared to a 44% infection rate in the 
retrospective study from 1955 to 1968. 

(Arch Surg 11$4:805-808, 1979) 


T preven-ion of wound sepsis remains the primary 
objeetive n the management of open fractures. There 
is universal agreement that open fractures require emer- 
geney treatment, adequate debridement, and irrigation of 
the weund; howewer, the role of antibioties ard their 
efficaey in the mamagement of open fractures have been 
controversial Copeland and Enneking' and Epps and 
Adams* discount the efficacy of prophylactic antibiotics in 
the prevention of wound sepsis in open fractures. Alte- 
meier et al,’ Veliskakis,‘ Patzakis et al^ and Gustile and his 
co-workers” * advocate the use of antibiotics in the preven- 
tion or lowering of wound sepsis. The only study ecnducted 
prospectively to evaluate the efficacy of prophylactic anti- 
biotics in the treatment of open fractures was reported by 
Patzakis et al* in 310 patients. They reported an incidence 
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Fractures 


of 13.9% infection rate in the placebo group and 2.3% in the 
group treated with cephalothin sodium. Gustilo and 
Anderson’s* analysis of 1,025 open fractures, both in a 
retrospective and prospective study at Hennepin County 
Medical Center in Minneapolis from 1955 to 1973, reported 
an infection rate of 2.4% in patients treated with a 
combination of oxacillin sodium and ampicillin sodium. 


RATIONALE FOR ROUTINE 
USE OF ANTIBIOTICS 
IN OPEN FRACTURES 


Every epen fracture should and must be considered a 
contaminated wound with varying severity and therefore, 
more likely to become infected than a wound made in a 
clean, elective procedure. Patzakis et al reported a 65% 
positive culture in 255 open wounds not caused by gunshot. 
They concluded that there was a high probability of an 
open fracture wound becoming infected if an organism 
resistant to antibiotics is present in the fresh wound. 

In our study of 158 consecutive open fractures, 80 
wounds, or 50.7%, showed a positive culture on admission to 
the hospital and 31, or 20%, had a negative culture initially 
but a positive culture at wound closure following irrigation 
and debridement (Table). Therefore, we consider the use of 
antibiotics in open fractures as a therapeutic usage, rather 
than a prophylactic. 


SELECTION, DOSAGE, 
ROUTE, AND DURATION OF 
ADMINISTRATION OF ANTIBIOTICS 


The basic principles in antibiotic prophylaxis are as follows: 

1. The antibiotics must be effective against the usual organisms 
that caused the infection. 

2. The antibiotics given must be in adequate doses for either 
bacteriostatic or bactericidal control of the infecting organism. 

3. There must be demonstration that the antibiotic indeed 
reaches the bone or open fracture hematoma at adequate concen- - 
tration for bactericidal or bacteriostatic effect. 

4. These antibiotics must be given before wound contamination 
and sepsis occur. 

As shown in the Table, 15 different organisms were isolated on 
143 occasions. Eighty-six of the isolates were Gram-positive and 57 
were Gram-negative. Thirty of 158 wounds yielded mixed bacteri- 
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Staphylococcus 
Coagulase-positive 12 100 20 1 
Coagulase-negative 41 100 57 
Diphtheroids 14 5. jig 
a-Streptococcus, group D 1 100 100 
Bacillus subtilis 11 (ni dr 
a-Streptococcus 7 50 50 
Gram-negative 
Escherichia coli 4 86 
Klebsiella enterobacter 20 83 
Klebsiella sp 1 0 
Enterobacter sp 6 0 
Pseudomonas sp 17 0 
Proteus sp 3 100 
Herellea 3 0 
Achromobacter sp 2 
Other Gram-negative rods 1 


*The sensitivity studies were done by the Kirby-Bauer method. 


al growth. Wound cultures of 46 infected open fractures (1955 to 
1975) showed the following: Staphylococcus, coagulase-positive in 
30, Escherichia coli in four, Proteus in three, and Klebsiella 
enterobacter in two. Staphylococcus coagulase-negative, was found 
in three, Pseudomonas in three, and one unidentified negative rod. 
Based on the culture and sensitivity studies of the bacteria flora in 
acute open fractures and infected open fractures, either cephalo- 
thin or cefazolin sodium appear to be the most effective antibioties 
for prophylaxis. The cephalosporins are effective against all 
Gram-positive organisms including Staphylococcus coagulase-posi- 
tive and negative and the majority of E coli, Klebsiella, and 
Proteus organisms excluding Pseudomonas. If the patient is 
allergie to penicillin and cephalosporins, clindamycin, 600 mg 
every six hours parenterally, would be the second drug of choice 
for Gram-positive bacteria. 

In a severely contaminated: wound, aminoglycosides (gentami- 
cin sulfate and tobramycin sulfate) should be added in conjunction 
with the Gram-positive antibiotic. Alexander et al,’ in a study of 13 
different antibiotics in laboratory animals, taking into considera- 
tion the dose administered, the rate of entrance, peak concentra- 
tion, and length of duration of the drug in the wound fluid in dogs, 
found that ampicillin, penicillin, the cephalosporins, and tetracy- 
cline would be superior for prophylactic use. They found that there 
was a definite relationship of most drugs between serum and 
wound fluid concentration with equilibrates within the first two 
hours. It would also appear from this study that the highest 
concentration in the wound can be produced with intravenous 
antibiotics in a single bolus. Clindamycin, because of its later peak 
concentration, would appear to be of intermediate value. Carbeni- 
cillin disodium, nafcillin sodium, oxacillin, gentamicin, and 
erythromycin obtained relatively low peak concentrations in 
wound fluid and lessened their potential effect as a prophylactic 
antibiotic in contaminated wounds. 

Our antibiotic routine is to give the initial dose, 1 of either 
cephalothin sodium or cefazolin sodium parenterally in a single 
bolus in the emergency room on admission and another gram 
during debridement and irrigation in the operating room. We 
continue 1 g of cephalothin sodium every four hours or cefazolin 
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Cepha- Penicillin 
No. of lothin G Oxacillin Clinda- Ampicillin Gentamicin Carbenicillin Chloram- 
Organism Isolates Sodium Potassium Sodium mycin Sodium Sulfate Disodium phenicol 
Gram-positive 


100 
95 


50 100 100 

6 100 100 
100 100 100 
17 100 BS 100 

0 100 100 100 
100 100 100 
66 100 100 





sodium, 1 g every six hours for three days only. Parenteral 
administration of prophylactic antibiotics in open fractures, either 
intravenously or intramuscularly, is essential to ensure adequate 
fracture hematoma concentration. The duration of antibiotic 
administration in open fractures remains an unsettled question. 

Recent clinical reports?*-'^'? have shown that prophylactic anti- 
bioties given for a short period of time, three to six days, instead of 
seven to ten days, are probably just as effective in preventing 
wound infection. The added advantage is that if infection devel- 
ops, it wil! be manifest while the patient is still in the hospital. In 
our present regimen, prophylactic antibiotics for opem fractures 
are given one to three hours before surgery, during surgery, and 
for three cays after. They are then stopped, whether the patient is 
febrile or not. If the wound becomes infected, Gram stain and 
culture are obtained and surgical debridement and irrigation are 
done immediately. The appropriate antibiotic is administered as 
soon as the sensitivities of the bacteria are known. If the wound is 
left open initially, antibiotics are continued, depending on the 
appearance of the wound and the results of its culture. It is 
difficult to keep a large wound sterile for a long period of time and 
it should be closed secondarily with either a skin graft or a 
cross-leg pedicle flap as soon as possible. If the wound is not closed, 
secondary contaminants such as Psewdomonas or other Gram- 
negative bacteria, for which the antibiotics used are not effective, 
appear and become pathogenic. The aminoglycosides may occa- 
sionally be used in addition to cephalosporins in severely contam- 
inated open fractures, primarily for Gram-negative bacteria, but 
the patient must be watched carefully for nephrotoxic effects. 
Serum creatinine and blood urea nitrogen values should be deter- 
mined daily in patients who have had multiple trauma with severe 
open fractures, as the aminoglycosides predispose to acute renal 
shutdown. In farm wounds, in addition to cephalosporins, one 
should add 10 to 20 million units of penicillin G potassium daily for 
a period of three to five days for clostridia contamination. 


RESULTS 


From 1969 to 1975, all 520 open fractures seen at 
Hennepin County Medical Center, Minneapolis, were clas- 
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sified into three categories. Type 1 included open fractures 
with a wound less than 1 em long and clean. Type 2 
consisted of cpen fractures with a laceration more than 1 
em long, without extensive soft tissue damage, flaps, or 
avulsions. Type 3 included either an open segmental frac- 
ture, an open fracture with extensive soft tissue damage, 
or a traumatic amoutation. Special categories in type 3 
were gunshot injuries, any open fracture caused by a farm 
injury, and ary opea fracture with accompanying vascular 
injury requiring repair. 

Guidelines for the treatment of these fractures were 
established prospectively and followed with only minor 
alterations. These guidelines were as follows: 

1. All open fractures were treated as emergencies. 

2. Cultures were »btained routinely on admission to the 
hospital and before wound closure or application of the 
postoperative dress ng after 1971. 

3. Oxacillin sodium, 1.0 g every 4 hours, and ampicillin 
sodium, 10 g everr six hours, were given intravenously 
before, during, and for three days after surgery. Oecasion- 
ally, when the wourds were severely contaminated genta- 
micin sulfate, 3 te 5 mg/kg of body weight was given 
instead of ampicilin to cover Gram-negative bacteria. 
Cephalothin was used exclusively from 1974 to 1975. If the 
wound was left open, antibiotics were continued fer more 
than three days in aecordance with the finding by wound 
culture or the appearance of the wound. Usualy, the 
antibiotics were coatinued for three days after secondary 
wound closure in the type 3 fractures. 

4. Thorough debridement and copious irrigaticn were 
emphasized, amd for the more recently treated type 3 
injuries, jet lavage was used.*'* 

5. No primary in-ernal fixation was employed, except in 
rare cases in which vascular injury required repair Exter- 
nal skeletal fixatior or traction was the preferred method 
of immobilization. 

6. Primary elosure was performed in types I and 2 
fractures anc delayed closure in type 3 lesions. 

From 1969 to 1975, there were 520 open fractures treated 
at Hennepin Courty Medical Center according to the 
protocol described. Of these fractures, 81% were types 1 
and 2, and 19% were type 3. 


Infection Rate 


Twelve(2.4%) of -he 520 open fractures became infected. 
Ten were tyoe 3 end two were type 2. Three of the 12 
fractures were assceiated with vascular injuries, two with 
popliteal,anc ene with posterior tibial artery injury. Five 
of these 12 infecticns appeared to be secondary a‘ter the 
wounds had been o»en for two weeks or more, because we 
had failed te close them secondarily by repeated skin 
grafts. 


COMMENT 
Adequate Debridement and 
‘Copious Irrigation 
. Scully and co-workers" described criteria for muscle 
viability ealled the “our Cs: color, capacity to bleed, eontrac- 
tility, and consistency. In our experience, color was a 


Arch Surg—Vol 114, July 1979 





reliable guide and the other three guidelines correlated 
well with muscle viability. However, adequate debride- 
ments remain a difficult technical problem. 

If there is the slightest doubt in the surgeon’s mind as to 
whether there has been adequate debridement of the 
wound after an open fracture, the wound should not be 
closed, regardless of the type of open fracture. Primary 
closure of an open fracture wound is accomplished without 
tension and elimination of dead space. For the surgeon who 
manages only an occasional open fracture, the safe rule is 


- not to close the wound. 


The three open fractures associated with vascular injury 
and extensive soft tissue damage were treated by debride- 
ment (considered adequate at that time), copious irriga- 
tion, primary internal fixation, vascular repair, and pack- 
ing the wound open. In the patient with bilateral supra- 
condylar open fractures and bilateral lacerated popliteal 
arteries, the operative time was eight hours, while in the 
other patient with a comminuted open fracture in the 
proximal part of the tibia and laceration of the posterior 
tibial artery, the operative time was 3!? hours. To our 
dismay, 48 to 72 hours later, we found more soft tissue 
necrosis in all three wounds that required further debride- 
ment. Infection was evidenced several days later in each 
instance. : 

We now recommend, in such cases, that a complete 
debridement be carried out, as is done in all open fractures, 
the damaged blood vessels repaired, and the fracture 
immobilized in traction, leaving the wound open to be 
closed secondarily by direct closure, split thickness skin 
grafting, or a cross-leg pedicle flap. Stability of the 
fracture is essential to wound healing. We prefer that 
extraskeletal fixation devices, such as pins incorporated in 
plaster or a Hoffman external fixator, be used whenever 
stability is needed to facilitate care of an open wound. The 
latter is routinely used now at Hennepin County Medical 
Center. The use of large metallic fixation devices such as 
plates and intramedullary nails may be indicated to 


provide stability and to facilitate wound care so that the 


soft tissue around the fracture site may be preserved. We 
do not close wounds primarily when large metallie devices 
are used in the initial care of such fractures. 

In the uninfected type 3 wounds, delayed primary 
closure by either direct suture or split thickness skin 
grafting was done five to seven days after the primary - 
procedure in all but five cases, in whieh rotational or 
cross-leg pedicle flaps were created. Split thickness skin 
grafting was successful over exposed bone when the 
periosteum was intact; otherwise, we resorted to some type 
of flap coverage. In several cases, we have performed 
primary cross-leg pedicle grafts (five days to three weeks 
after injury) to cover large areas of bone, in conjunction 
with the plastic surgery service. To date, we have been 
satisfied with early results. This procedure appears to 
prevent delayed infection and provides better coverage of 
the bone. | 

Based on our extensive clinical experience in the 
management of open fractures and their results, we 
strongly recommend the use of an antibiotic in the 
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management of open fractures. It must be effective 
against both Gram-positive and Gram-negative organisms. 
Staphylococcus aureus, coagulase-positive, makes up about 
60% to 70% of infecting organisms. Cephalothin appears to 
be an effective antibiotic in open fractures. The combina- 
tion of oxacillin and ampicillin appeared to give similar 
results. In very dirty wounds, aminoglycosides can be used 
in conjunction with an antistaphylococcal agent for a short 
period of time. Antibiotics must be used prior to surgery, 
during surgery, and after surgery for a short period of 
time, not more than three days. 

During the last five years, we have focused our attention 
on type 3 fractures characterized by extensive soft tissue 
loss, instability, and large areas of exposed bone requiring 
soft tissue coverage. In these cases, thorough debridement 
of the devitalized tissue is absolutely essential and during 
the process, large areas of bone are exposed. Use of the jet 
lavage apparatus certainly helps in cleaning these wounds, 
reducing the amount of irrigating solution, and also short- 
ening the operating time. At the end of the procedure, the 
wound is packed open and five to six days later, split 
thickness skin grafts are applied, followed, if need be, by 
repeated skin grafts as a good base of granulation tissue 
develops. During the long intervals that such wounds are 
open, secondary infections, usually with Gram-negative 
organisms, may be a problem, since these organisms are 
usually difficult to control by antibiotics alone. 

It is worthy to note that there have been no cases of gas 
gangrene in over 1,200 patients treated at Hennepin 
County Medical Center. The method of treatment advo- 
cated is believed to have helped in the prevention of this 
complication. | 


CONCLUSIONS 


Open fractures require emergency treatment. Adequate 
debridement and copious irrigation is most important in 
their management. Antibioties should be administered 
before, during, and after surgery for three days, the 
antibiotics of choice currently being the cephalesporins im 
therapeutic doses. If the wound is closed primarily, the 
antibiotics are stopped on the third postoperative day. I1 
the wound is closed secondarily, the antibiotics zre contin- 
ued for another three days after this procedure 

Open fractures associated with arterial injury requiring 
repair should be treated initially with skeletal traction 
whenever possible, instead of by primary internal fixation. 
Primary closure is indicated only in clean wounds (types 1 
and 2) after adequate debridement and irrigation. All type 
3 wounds, segmental fractures, crushing injuries, gunshot 
wounds, extensive lacerations, and avulsions and crushing 
wounds should be left open. External skeletal ‘ixation is 
preferred to provide stability of the fracture w:th accom- 
panying massive soft tissue injury and to facilitate care 
and promote wound healing. 


Nonoroprietary Names and Trademarks of Drugs 


Ampicillin sodium—A mcill-S, Omnipen-N, Penbritin-S Polycillin- 
N, Prircipen/ N. 

Cefazolin sodium— A ncef. 

Cephalothin sodium—Keflin. 

Clindamyzcin—Cleocin. 

Gentamicin sulfate—Garamycin. 

Tobramycin sulfate—Nebcin. 


References 


1. Copeland CX Jr, Enneking WF: Incidence of osteomyelitis in 
compound fractures. Am Surg 31:156-158, 1965. 

2. Epps CH Jr, Adams JP: Wound management in open fractures. Am 
Surg 21:166-169, 1961. ' 

3. Altemeier WA, Culbertson WR, Sherman R, et al: Critical reevaluation 
of antibiotic therapy in surgery. JAMA 157:305-309, 1955. 

4. Veliskakis KP: Primary internal fixation in open fractures of the tibial 
shaft: The problem of wound healing. J Bone Joint Surg Br 41:342-354, 
1959. 

9. Patzakis MJ, Harvey JP Jr, Ivler D: The role of antibiotics in the 
management of open fractures. J Bone Joint Surg Am 56:532-541, 1974. 

6. Gustilo RB: Management of open fractures: An analysis of 673 cases. 


~- Minn Med 54:185-189, 1971. 


7. Gustilo RB, Simpson L, Nixon R, et al: Analysis of 511 open fractures. 
Clin Orthop 66:148-154, 1969. 

8. Gustilo RB, Anderson JT: Prevention of infection in the treatment of 
one thousand and twenty-five open fractures of long bones. J Bone Joint 


808 Arch Surg—Vol 114, July 1979 


Surg Am 58:453-458, 1976. 

9. Alexander JS, Sykes NS, Mitchell MM, et al: Concentraticn of selected 
intravenously administered antibiotics in experimental surgical wounds. 
J Trauma 13:423, 1973. 

10. Boyd RJ, Burke JR, Colton R: A double-blind clinical trial of 
prophylactic antibiotics in hip fractures. J Bone Joint Surg Am 55:1251- 
1258, 1973. 

ll. Foge:berg EV, Zitman EK, Stinchfield FE: Prophylactic penicillin in 
orthopaedic surgery. J Bone Joint Surg Am 52:95-98, 1970. 

12. Pave A, Smith RL, Ballard A, et al: Prophylactic antibiotics in clean 
orthopaedic surgery. J Bone Joint Surg Am 56:777-782, 1974. 

13. Gross A, Cutright DE, Bhaskar SN: Effectiveness of pulsating water 
jet lavage in treatment of contaminated crushed wounds. Am J Surg 
124:373-377. 1972. 

14. Scully RE, Artz CP, Sako Y: An evaluation of the surgeon’s criteria 
for determining viability of muscle during debridement. Arch Surg 73:1031- 
1035, 1956. 


Antimicrobials—Gustilo 


| 


ENDO LABORATORIES TAMES THE POPPY— 
TO BRING YOU 


new NUBAIN 
nalbuphine HCI 


ANALGESIA COMPARABLE TO MORPHINE, 
WITH IMPORTANT DIFFERENCES 
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new 
AMPULS AND 


NUBAIN :: 


nalbuphine HCI 


ANALGESIA COMPARABLE g 
"TO MORPHINE 









NUBAIN offers: 
onset, peak and duration 
eamparable to morphine 


- 10mg of NUBAIN is comparable in 
analgesic effect to 10 mg of 
miairphine 

- Onset of action with NUBAIN 
wesins within 2 to 3 minutes I.V., 
and less than 15 minutes I.M. or S.C. 

- Analgesic effect of NUBAIN lasts 
fram 3 to 6 hours 


USUAL ADULT DOSE 


NUBAIN: 10 MG pe» 
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(| WITH A LOW INCIDENCE 
| OF SIDE EFFECTS 


Clinical studies show: 

low incidence of nausea, 
vomiting and psychotomimetic 
effects 


IN 27 SINGLE OR CROSS-OVER CLINICAL STUDIES (2,038 DRUG 
EVALUATIONS) THESE SIDE EFFECTS WERE OBSERVED: 


PSYCHOTOMIMETIC 
à OCCURRENCES NAUSEA VOMITING 
76 


— 
~ 
— 
— 
— 
O 
— 


MORPHINE 0.296 
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*P < 0.05: Statistically significant difference from NUBAIN® nalbuphine HCI) group. 


SE NUBAIN (1,066 patients) MEPERIDINE (234 patients) 
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MORPHINE (486 patients) TALWIN" (252 patients) 


1. These clinical studies involved patients with pain 
from a variety of medical causes, including labor, 
cancer, and orthopedic and general surgical pro- 
cedures. Actual number of patients experiencing 
each side effect is shown in parentheses on the bar 





NUBAIN 


. nalbuphine HC. 


— NUBAIN requires no special storage or additional paperwork 
beyond your normal order or prescription. 


— The unique properties of NUBAIN may be found in its molecular 
structure. 
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OXYMORPHONE NALOXONE 
— Certain substances, such as NARCAN® (naloxone HCI), counteract 
or antagonize the effects and side effects of potent narcotics, such 
as morphine or NUMORPHAN® (oxymorphone HCI). NUBAIN was 
designed to incorporate important molecular features of the 
antagonist NARCAN and the potent analgesic NUMORPHAN, re- 
sulting in a drug with strong analgesia but limited abuse potential. 


And a lower respiratory effect 


At dosages of 10 mg/70 kg, NUBAIN causes respiratory depression 
comparable to that of morphine. In contrast to morphine, higher 
doses of NUBAIN do not increase respiratory depression appreci- 
ably (see Precautions). 

NARCAN is an Endo registered U.S. trademark. 


NUMORPHAN is an Endo registered U.S. trademark. 
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A clinical summary: 


27 investigations evaluated more than 1,000 medical and surgical 
patients in regard to the effect of NUBAIN upon acute or chronic 
pain. Among these studies are the following, which highlight impor- 
tant areas of analgesic use: 


— ORTHOPEDICS — this study encompassed 52 patients and com- 
pared NUBAIN to meperidine. Treatment varied from 1 to 40 days. 
NUBAIN was found to deliver satisfactory analgesia with no overt 
evidence of physical tolerance. 


— CANCER—this study encompassed 37 patients treated for 1 to 186 
days. Many of the patients stabilized on I.M. NUBAIN received 
dosages every 6-8 hours. 

— OBSTETRICS— four double-blind studies were conducted encom- 
passing 159 patients in labor. I.M. NUBAIN was compared to I.M. 
meperidine. Analgesically, both drugs were deemed similar 


(10-15 mg NUBAIN equal to 75-113 mg meperidine). Neonates did 
equally well on both drugs, but there is a possibility that either 
drug can procuce depressive effects in the fetus or neonate. 
Mothers treated with NUBAIN had fewer side effects, and hospital 
personnel liked NUBAIN. 


— Please see full prescribing information, including a complete dis- 
cussion of adverse reactions, on following page. 
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NUBAIN 


nalouohine HCl 


DESCRIPTION 


NUBAIN (nalbuphine hydrochloride) is a synthetic narcotic agonist-antagonist analgesic of the 
phenanthrene series. It is chemically related to both the widely used narcotic antagonist, naloxone, and 
the potent narcotic analgesic, oxymorphone. 


NALBUPHINE HYDROCHLORIDE 


(-)-17-(cyclobutylmethyl) -4, 5a-epoxy = 
morphinan-3, 6a, 14-triol, hydrochloride 


HCI 





Each ml of the injectable aqueous solution of NUBAIN contains 10 mg of nalbuphine hydrochloride. 


ACTIONS 


NUBAIN isa potent analgesic. Its analgesic potency is essentially equivalent to that of morphine on a 
milligram basis. 

Its onset of action occurs within 2 to 3 minutes after intravenous administration, and in less than 15 
minutes following subcutaneous or intramuscular injection. The plasma half-life of nalbuphine is 5 
di and in clinical studies the duration of analgesic activity has been reported to range from 3 to 6 

ours. 

The narcotic antagonist activity of NUBAIN is one-fourth as potent as nalorphine and 10 times that of 


pentazocine. 
INDICATIONS 


For the relief of moderate to severe pain. NUBAIN can also be used for preoperative analgesia, as 
supplement to surgical anesthesia, and for obstetrical analgesia during labor. 


CONTRAINDICATIONS 
NUBAIN should not be administered to patients who are hypersensitive to il. 


WARNINGS 


DrugDependence NUBAINhas been shown to have a low abuse potential which is approximate to 
that of pentazocine. When compared with drugs which are not mixed agonist-antagonists, it has been 
reported that nalbuphine's potential for abuse would be less than that of codeine and propoxyphene. 
Psychological and physical dependence and tolerance may follow the abuse or misuse of nalbuphine. 
Therefore. caution should be observed in prescribing it for emotionally unstable patients, or for 
individuals with a history of narcotic abuse. Such patients should be closely supervised when long- 
term therapy is contemplated. 

Care should be taken to avoid increases in dosage or frequency of administration which in 
susceptible individuals might result in physical dependence. 

Abrupt discontinuation of NUBAIN following prolonged use has been followed by symptoms of 
narcotic withdrawal, i.e., abdominal cramps, nausea and vomiting, rhinorrhea, lacrimation, 
restlessness, anxiety, elevated temperature and piloerection. 


Use in Ambulatory Patients | NUBAIN may impair the mental or physical abilities required for the 
performance of potentially dangerous tasks such as driving a Car or operating machinery. Therefore, 
NUBAIN should be administered with caution to ambulatory patients who should be warned to avoid 
such hazards. 


Use in Emergency Procedures Maintain patient under observation until recovered from 
NUBAIN effects that would affect driving or other potentially dangerous tasks. 


Use in Children Clinical experience to support administration to patients under 18 years is not 
available at present. 


Use in Pregnancy (other than labor) Safe use of NUBAIN in pregnancy has not been 
established. Although animal reproductive studies have not revealed teratogenic or embryotoxic 
effects, nalbuphine should only be administered to pregnant women when, in the judgement of the 
physician, the potential benefits outweigh the possible hazards. 


Use During Labor and Delivery NUBAIN can produce respiratory depression in the neonate. It 
should be used with caution in women delivering premature infants. 


Head Injury and Increased Intracranial Pressure — [he possible respiratory depressant effects 
and the potential of potent analgesics to elevate cerebrospinal fluid pressure (resulting from 
vasodilation following CO, retention) may be markedly exaggerated in the presence of head injury, 
intracranial lesions or a pre-existing increase in intracranial pressure. Furthermore, potent analgesics 
can produce effects which may obscure the clinical course of patients with head injuries. Therefore, 
NUBAIN should be used in these circumstances only when essential, and then should be administered 
with extreme caution. 


Interaction With Other Central Nervous System Depressants Although NUBAIN possesses 
narcotic antagonist activity, there is evidence that in nondependent patients it will not antagonize a 
narcolic analgesic administered just before, concurrently, or just after an injection of NUBAIN. 
Therelore. patients receiving a narcotic analgesic, general anesthetics, phenothiazines, or other 
tranquilizers, sedatives, hypnotics, or other CNS depressants (including alcohol) concomitantly with 
NUBAIN may exhibit an additive effect. When such combined therapy is contemplated, the dose of one 
or both agents should be reduced 


PRECAUTIONS 


Impaired Respiration A! the usual adult dose of 10 mg/70 kg, NUBAIN causes some respiri 
depression apprcximately equal to that produced by equal doses of morphine. However in contre 
morphine, respiratory depression is not appreciably increased with higher doses of NUE 
Respiratory depression induced by NUBAIN can be reversed by NARCAN * (naloxone nydrochlo 
when indicated. NUBAIN should be administered with caution at low doses to patients with imp: 
respiration (e.g.. from other medication, uremia, bronchial asthma, severe infectiom, cyanos 
respiratory obstructions). 


Impaired Renai or Hepatic Function Because NUBAIN is metabolized in the liver and exc 
by the kidneys, patients with renal or liver dysfunction may overreact to customary doses. Therefo 
these individuals NUBAIN should be used with caution and administered in reduced amounts. 


Myocardial Infarction As with all potent analgesics, NUBAIN should be used with cai 
in patients with myocardial infarction who have nausea or vomiting. 


Biliary Tract Surgery As with all narcotic analgesics, NUBAIN should be used with cauti: 
patients about to undergo surgery of the biliary tract since it may cause spasm of the sphincter of | 


ADVERSE REACTIONS 


The most frequent adverse reaction in 1066 patients treated with NUBAIN is sedatian (381, 3 

Less frequert reactions are: sweaty/clammy (99, 9%), nausea/vomiting (68, 
dizziness/vertigc (58, 5%), dry mouth (44, 4%), and headache (27, 3%). 

Other adverse reactions which may occur (reported incidence of 1% or less) are: 


CNS Effects nervousness, depression, restlessness, crying, euphoria, floating, hostility, uni 
dreams, confusicn, faintness, hallucinations, dysphoria, feeling of heaviness, numbness, lint 
unreality. The incadence of psychotomimeti¢ effects, such as unreality, depersonalization, delus 
dysphoria and he lucinations has been shown to be less than that which occurs with pentazoci 


Cardiovascular Hypertension, hypotension, bradycardia, tachycardia. 
Gastrointestinal Cramps, dyspepsia, bitter taste. 

Respiration Depression. dyspnea, asthma. 

Dermatological Itching, burning, urticaria. 

Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing and warmth, 


DOSAGE AND ADMINISTRATION 


The usual recommended adult dose is 10 mg for a 70 kg individual, administered subcutane 
intramuscularly cr intravenously; this dose may be repeated every 3 to 6 hours as necessary. Di 
should be adjusted according to the severity of the pain, physical status of the patient, and 
medications whicn the patient may be receiving. (See Interaction with Other Central Nervous S! 
Depressants under WARNINGS.) In non-tolerant individuals, the recommended single maximum 
is 20 mg, with a maximum total daily dose of 160 mg. 


Patients Dependent on Narcotics Patients who have been taking narcotics chronicall 
experience withdrawal symptoms upon the administration of NUBAIN. If unduly troublesome, na 
withdrawal symptoms can be controlled by the slow intravenous administration of smal increme 
morphine, until relief occurs. If the previous analgesic was morphine, meperidine, codeine, or 
narcotic with similar duration of activity, one-fourth of the anticipated dose of NUBAIN ci 
administered initially and the patient observed for signs of withdrawal, i.e., abdominal c:amps, ni 
and vomiting, lac'imation, rhinorrhea, anxiety, restlessness, elevation of temperature or diloerect 
untoward symptoms do not occur, progressively larger doses may be tried at appropriate interval: 
the desired level of analgesia is obtained with NUBAIN. 


Management of Overdosage The immediate intravenous administration of NAR 
(naloxone hydrocnloride) is a specific antidote. Oxygen, intravenous fluids, vasopressors and 
supportive measures should be used as indicated. 

The administration of single doses of 72 mg of NUBAIN intramuscularly to eight nermal su 
has been reportec to have resulted primarily in symptoms of sleepiness and mild dysphoria. 


HOW SUPPLIED 


NUBAIN® (nalbuphine hydrochloride) injection for intramuscular, subcutaneous, or intrav 
use (10 mg/ml) is available in: 

NDC #0056- 1385 10 mg/ml, 1 ml ampuls (box of 10) 

NDC 40056-1384 10 mg/ml, 2 ml ampuls (box of 10) 

NDC 40056-1386 10 mg/ml, 10 ml vials 

Each ml conta ns 10 mg nalbuphine hydrochloride, 0.1% sodium chloride, 0.94% sodium t 
1 26% citric acid anhydrous, 0.1% sodium metabisulfite, and 0.2 % of a 9:1 mixture of methylp: 
and propylparaben as preservative; pH is adjusted with hydrochloric acid. 
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Operating Room Environmen: 


Wound Infections in Patients Undergoing 


Total Hip Arthroplasty 


Ultravielet Light for the Control of Airborne Bacteria 


Mary Moggio, MSPH; J. Leonard Goldner, MD; Donald E. McCollum, MD; Stephen F. Beissinger, MD 


* Ultraviolet (UV) ir-adiation (1,537 A) during total hip arthro- 
plasty will effectively *educe risk of airborne bacterial contami- 
nation of the operatve field. An air sampling study at the 
operative site compared 28 total nip arthroplasties with UV lights 
on and 19 operations with UV lights off. The use of UV irradiation 
significantly reduced the average number of airborne bacteria 
over the operative sive, although the results indicate that the 
number of airborne bacteria collected at the operative site in 
each conventional operating room without UV irradiation was 
quite low. Data confimned the fact that airborne bacteria are a 
reflection cf operatinc room personnel and their activities. With 
UV light, the rate of infection from possible airborne sources was 
0.15% for 1.322 total hip patients. Thus, emphasis is now placed 
on those causes of infection thet are not airborne. 

(Arch Surg 114:815-823, 19799 


he acvent of surgical asepsis began in 1861 when 

Semmelweis demonstrated that contact contamina- 
tion could be reduced by improved personal hygiene. Later 
improvements in weund seps s were pioneered by Lister’s 
advoeation of antiseptic methods in the operating areas 
and the acceptance of Koch’s “germ theory” of infection. 
While interest in tae airborne infection and methods of 
control were evident late in the 19th century, their devel- 
opment was impeded by the successful application of 
aseptie techniques. As late zs the 1930s, there were few 
operating rooms wi-h planned provisions for ventilation.” 
Interest in airborne infections was again stimulated when 
Meleney* (1933) corsidered the sterility of the air in the 


. operating rooms as an important factor in the incidence of 


wound sepsis. Bourdillon and Colebrook* and Bourdillon et 
al’ in 1946 and 1948 initiated the first serious examination 
into the role of airborne bacteria and subsequent sepsis in 
burns. They demorstrated quantitatively that the use of 
“extract ventilation" drew bacteria-laden air into the 
operating room fom outsde areas. The relationship 
between the activity of the operating room staff and the 
numbers of airborne bacteria was related to the dispersal 
from textiles, skin, and hair, and perhaps from the upper 
respiratory tract.’ Their observations led to the design of 
various plenum ventilation systems where clean air at 
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positive pressure was maintained and volume was suffi- 
cient to rapidly remove airborne microorganisms dispersed 
by personnel in the room.? The realization that convention- 
al ventilation systems were relatively inefficient in the 
removal of airborne bacteria due to turbulence led to the 
design of various unidirectional airflow (UAF), linear 
airflow, or laminar airflow ventilation systems. The first 
use of laminar flow with high-efficiency particulate air 
(HEPA) filters was introduced by the aerospace industry 
in the early 1960s. Application of the UAF systems in the 
medical field was evident as early as 1969. The most 
extensive studies attempting to relate the reduction of 
wound sepsis in total hip replacements with the use of 
UAF was done by Charnley and Eftekhar (1972).° Charnley 
and others have attributed the reduction of wound sepsis 
solely to the use of UAF rooms. Although UAF systems 
provide the cleanest air with reference to particles, stan- 
dards of biologic clean air have not been determined, nor 
has the effectiveness of UAF in the reduction of wound 
sepsis been documented by controlled clinical trials. 
Although aerial spread of infection has been documented, 
precise data on the number of surgical and wound infec- 
tions resulting solely from airborne transmission vs other 
endogenous and exogenous routes are still lacking.**-* 
The operating room team is the major source of airborne 
bacteria, and air is the only unsterile vehicle permitted 
unrestricted access to the wound and to other objects that 
may come in contaet with the wound." If one accepts the 
concept that airborne bacteria may be a vehicle for wound 
contamination and subsequent sepsis, it is expedient to 
minimize this route of transmission. 

Reduction of airborne bacteria may be accomplished by 
various methods. Traditional methods include the follow- 
ing: (1) air conditioning systems that provide at least 12 air 
exchanges per hour, air introduction near the ceiling with 
an exit near the floor, mechanical filtration of air before 
the entrance to the room, scheduled maintenance of filters, 
humidity control at approximately 50%, and temperature 
control at approximately 21.1 °C; (2) reduction of personnel 
in operating theaters; (3) reduction of personnel activity 
and talking; (4) exclusion of personnel with infections? 
and (5) use of adequate head cover and a nose and face 
mask by all personnel. Newer methods are air conditioning 
systems with the following: for a clean room—unidirection- 
al, horizontal, or vertical ventilation systems; high or low 
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175 1 (0.57) 
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1973 168 2 (1.1) 1 (0.9) 
1975 150 2 (1.3) 


1977 132 1 (0.6) 1 (0.6) 











Total 1,322 
(%) (100%) 


*All sources of bacteria are grouped together. 


18 (1.36) 9 (0.68) 


velocity; and HEPA filters”; for local control—plastic 
bubble isolators; local high velocity; HEPA filters; and 
ultraviolet (UV) light. Isolator suits and body exhaust 
systems also are used. 

Duke University Hospital, Durham, NC, uses the modern 
air conditioning-ventilation systems with air exchanges of 
about 32 times per hour, with the adjunct use of UV 
irradiation. Before installation of the newer air condition- 
ing units approximately 15 years ago, the air exchange was 
about seven to 12 times per hour and the use of a 
supplementary method to diminish bacteria in the air was 
essential. The purpose of this study was to examine the 
degree and type of airborne contamination directly over 
the wound during total hip arthroplasty, both with and 
without the use of UV irradiation. 

During winter in the early 1930s, Duke experienced a 
1076 postoperative wound sepsis rate with Staphylococcus 
aureus. In an attempt to reduce the incidence of infection, 
Hart? instituted the following procedures: exclusion of all 
visitors and minimization of operating room personnel; the 
wearing of masks during and between all operative proce- 
dures; exclusion of nasopharyngeal carriers of S aureus; 
postponement of operative procedures when high levels of 
contamination were evident; frequent washing and paint- 
ing of the operating room; use of filtered air from the 
outside; and use of helmets and suction devices. 

These procedures did not reduce wound sepsis to the 
acceptable levels of 5% to 7%, which was in keeping with 
the nationwide average at that time, until the introduction 
of UV light in 1934. Hart’ and his co-workers demonstrated 
that UV irradiation (25 to 30 uW /cm'/s) destroys patho- 
genie bacteria. Petri dishes of blood agar were sprayed 
with S aureus and exposed to UV irradiation at the 
operative site; sterilization occurred within one to three 
minutes. In 1960, Hart again noted that airborne bacteria 
were the result of operating room personnel and their 
activities, and that, exclusive of UV irradiation, air condi- 
tioning was the single most important factor in the 
reduction of airborne bacteria.'^ | 
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No. of Total Annual Infections in Superficial Primary Organisms in Infections 
Year Patients Infections (?)) Refined Clean Cases (%) Deep Infection Infection That Year 
1969 67 2 (2.9) 0 0 Proteus mirabilis; Corynebacterium acnes 
1970 123 2 (1.6) 1 (0.8) 1 1 Clostridium perfringens; 






1 (0.56) 1 





2 
1974 195 2 (1.0) 2 (1.0) 0 
1 (0.65) 2 


1976 134 1 (0.6) 1 (0.6) 1 Microaerophilic Streptococcus 
0 





13 (0.96) 5 (0.4) 
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The Orthopedic Service at Duke has used UV irradiation 
in major surgical procedures since 1937. The incidence of 
orthopecie wound infection of refined clean cases since 
1940 has been fewer than 0.5%. The incidence of wound 
infectior in total hip arthroplasties in those patients 
designated as refined clean cases (no prior operation on the 
involved hip) has been approximately 0.6%. The analysis of 
each patient with an infection is in the section on elinical 
review. Table 1 gives information of a nine-year experi- 
ence at Duke with total hip replacement performed by 
eight serior surgeons and 72 different senior residents who 
managec these patients under supervision of the senior 
staff. 


SUBJECTS AND METHODS 
Experience at Duke University 


All sampling during total hip arthroplasty was conducted in 
either operating room 3 or 4. Sampling was done only when the 
total hip arthroplasty was the first scheduled procedure of the day. 
Operating rooms 3 and 4 are serviced by an air-handling unit 
located or the fifth floor of the 1957 hospital addition. The fresh 
air intake and exhaust are located in the east wall of the 
mechanical room of the observation suite. The fresh air passes 
through medium-efficiency filters, 90% downstream filters, 
preheat ecil, air washer, cooling coils, a reheat coil, and a fan unit. 
After leaving the fan, the filtered air enters individual ducts 
leading to rooms 3 and 4 and passes through a final reheat coil. Air 
enters frcm the ceiling directly over the operating room table. 
There are no provisions for air recirculation. Air exchange rate in 
rooms 3 and 4 was measured at 36 and 34, respectively. 

The placement and arrangement of UV lights in these two 
rooms are different. Room 4 has a high-vaulted ceiling, which 
allows for the installation of eight unshielded UV ceiling lights. 
There are 12 wall lights. Room 3 has no overhead well. The UV 
lights"? are installed within ceiling pans. The UV light is toward 
the ceiling, which is painted with aluminum paint, allowing for 
reflected | ght. There are, in addition, 12 sidelights. Measurement 
of UV intensities was done weekly. The intensity of light at the 
operating tabletop was inversely proportionate to the square of 
distance. 

Before initiation of the study, background or baselire volumet- 
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Table 2.—Percentage Reduction of 


Staphylococcus aureus With Ultraviolet Light 


Room 4 With 
174N/cm?/s* 


Room 3 With 
12 .W/cm?/s* 


———————— 
No. of No. of 
Control. Colenies. % Reduction/ Colonies, % Reduct;on/ 
min "06 10$ 


Time Time 





68 0 100 
128 0 100 0 100 


*The microwatt reading is calibrated to a standard light source. The 
actual reading of the monitor will vary according to the calibration. 
The readings listed here are equivalent to 25 uW/cm?/s readings on 
the original indicator. 24:25 


ric air sampling was conducted with and without UV irradiation 
(Table 2). Sampling was conducted with a volumetric air sampler 
at what approximated the level of the operating table. In 
addition, the time-death relationship of a known number of S 
aureus to UV irradiation was conducted in these two rcoms. An 
appropriate S awreus sample was made as follows: A lyophilized 
disk of 3 awrzus was aseptically placed in digested casein-soy 
peptone-dextrose broth and incubated at 37 °C for 24 hours. After 
24 hoursəf incubation, serial dilutions of the original broth culture 
were made and spread onto a blood agar Petri dish (15 x 150 mm). 
The surfaees of the blood agar plates were allowed to dry at room 
temperature and then incubated at 37 °C for about 48 hours. 

After:neubstion, the dilution (10°) that produced appreximately 
200 colory-forming units (CFUs) on the Petri dish was chesen. One 
milliliter of this 10° dilution was spread onto 16 blood agar plates 
and allowed to dry at room temperature. The plates were then 
taken to cperztimg reoms 3 and 4 and exposed to UV irradiation 
for 5, 10, 15, 20. 30, 50, and 120 minutes. The blood agar plates, 
including the control plates (no UV exposure) were incubated at 37 
°C for about 48 hours. The number of CFUs of S aureus was 
counted and recorded. 


Total Hip Procedure Model 


All voħumetrie air sampling (with/without UV lights) was done 
at the operative site with an air sampler. The decision to turn off 
UV lights or to leave them on during the operation was made by 
the attending surgeon the day before the procedure. The environ- 
mentalist operating the sampler asked the surgeon in each 
instance whether the lights could be turned off or left on. 
Modifieztion of the intake port of the sampler with a sterile, 
180-cm (6-ft), eorrugated plastic tubing allowed for air sampling at 
the operative site and allowed the investigator to be outside the 
sterile field. Petri dishes with digested casein-soy peptone- 
dextrose agar were changed at 30-minute intervals. Volumetric 
sampling was conducted at the rate of 1 cu ft of air per minute and 
was accomplished by the use of a remote sampler cabines contain- 
ing the pump, flowmeter, and timer. This cabinet was ocated in 
the hallway adjacent to the operating room. 

Sampling began at the time of the incision and ended at wound 
closure. The tctal hip arthroplasty procedure consisted of the 
following sever steps: (1) preparation and incision; (2) removal of 
femoral head with a high-pressure nitrogen saw; (3) reaming of 
the acetabulum-—hand or nitrogen-driven reamer and plazement of 
the prosthesis asing the Duke external guide; (4) applization of 
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methylmethacrylate to acetabular prosthesis; (5) reaming of the 
femoral shaft; (6) trial reduction with femoral prosthesis and 
application of methylmethacrylate to femur; and (7) closure of 
wound incision. 

During steps 3 through 6, a settle plate containing digested 
casein-soy peptone-dextrose agar was placed on the sterile instru- 
ment table. Cultures (swab) of the hip joint were taken before the 
use of irrigating fluid (sterile saline solution) with bacitracin, and 
before closure of the wound site. In addition, samples of each 
packet of methylmethacrylate were submitted for microbial anal- 
ysis. Temperature and humidity of the respective rooms were 
recorded each time. 

One additional procedure was initiated after the study was in 
process. During step 5 of one total hip arthroplasty operation, we 
recovered more than 300 colonies of a Gram-negative rod (100 
colonies/cu ft/min of Vibrio extorquens). Contamination of water, 
sterile fluids, and intravenous liner caps with this bacteria has 
been documented. After consultation, we decided to submit a 
sample of the sterile water and saline (before the addition of 
bacitracin) at the time the containers were opened. 

The sampling plots used in the volumetric air sampler were 
marked off in five-minute intervals. Results would later be 
expressed as the number of CFUs per cubic foot of air per minute. 
Settle plates were incubated at 37 °C for about 48 hours and all 
CFUs were identified and counted. Results would later be 
expressed as the number of CFUs per square foot of air per 
minute, Any bacterial growth from the hip cultures, methylmetha- 
crylate, sterile water, or saline solution were identified. 


RESULTS 


Forty-seven total hip arthroplasty operations were 
performed in this study (January 1974 to August 1975). Of 
this total, 23 total hip arthroplasty operations were 
performed in operating room 3, and 24 were performed in 
operating room 4. Twenty-eight of the total hip arthroplas- 
ties were performed with UV light; 19 without UV light. 
Results were subjected to both parametric (F test) and 
nonparametric (Wilcoxon rank) tests to ascertain signifi- 
eance (Dr G. G. Koch, University of North Carolina at 
Chapel Hill performed this analysis). 

Table 3 gives the average number of CFUs recovered by 
volumetric air sampling when both operating rooms were 
unoccupied. Few, if any, bacteria are present in an unoc- 
cupied operating room. 

There were a total of 12,166 microorganisms recovered 
during 5,561 minutes of air sampling (47 procedures). The 
average number of CFUs with and without UV irradiation 
and in rooms 3 and 4 is given in Table 4. With the use of the 
F test (regression equation), the difference between rooms 
3 and 4 is significant at the .05 level. 

The difference in means, however, with and without the 
UV irradiation was significant at the .01 level. Parametric 
analysis of the cases done with or without UV light in room 
3 and cases done with or without UV light in room 4 were 
compatible but not significant. Nonparametric analysis 
(Wilcoxon rank test) was performed to confirm the para- 
metric tests of significance. When minutes were 
controlled, there were significant differences (x^ = 0.01) in 
the rooms together with UV light on vs off, in room 3 with 
UV light off vs on (x? = 0.01), and in room 4 with UV light 
on vs off (x? = 0.01). Results indicate that the number of 
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airborne bacteria collected at the-operative site in each 
conventional operating room without UV irradiation was 
quite low. The use of UV irradiation significantly reduces 
the average number of airborne bacteria over the operative 
site from that found without UV irradiation. 

The numbers and types of bacteria recovered at the 
operative site are given in Table 5. Analysis of the mean 
ranks (no room distribution) of bacteria recovered was 
performed. When minutes were controlled, there was a 
substantial difference only in the number of Bacillus sp 
(x = 0.01) with UV lights on vs UV lights off. This data 
confirm the fact that airborne bacteria are a reflection of 
operating room personnel and their activities. 

The V extorquens was recovered only during step 5 of the 
total hip arthroplasty operation. We thought that this was 
a contaminant possibly introduced by contaminated irri- 
gating fluid. Steps were instituted to locate the source but 
none was found. 

All organisms recovered on the settle plates were less 
than 1 CFU/sq ft/min (Table 6). Although our technique to 
ascertain wound contamination was not quantitative, only 





Table 3.—Airborne Bacteria in Unoccupied 
Operating Rooms 3 and 4 









Room 4 





a No. of 
Ultraviolet Time, No.of CFUs/cu Time, No.of CFUs/cu 
min  CFUs ft/ min 


On 240 2 0.01 240 0 0.0 
Off 240 0 0.0 240 0 0.0 
"CFUs indicates colony-forming units. 















No. of Total Hip Time, 
Arthroplasties min 


Room 3 2 2,597 





Light on 3,088 
Light off 19 2,473 







*CFUs indicates colony-forming units. 





No. of Bacteria Recovered 








During All Total 
Organisms Hip Arthroplasties (96) 
Fungi, yeast 721 (5.9) 
Bacillus sp 2,241 (18.4) 












4,407 (36.2) 
2,744 (22.6) 
1,661 (13.7) 


Micrococcus sp 
Diphtheroides 





Staphylococcus sp (negative) 
Mima polymorphia 


Klebsiella sp 

S Aureus 
Pseudomonas sp 
Neisseria Sp 
B anitratum 
Vibrio extorquens 
Serratia sp 















310 (2.6) 
2 (0.02) 
12.666 
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Table 4.—Average Number of Airborne Bacteria in Rooms 3 and 4 and Use of Ultraviolet Light 
3 2.6 
28 1.4 






Table 5.—Number, Percentage, and Types of Bacteria Recovered 






Fooms Ultraviolet Light 
e—a ———————————————————————————————— 
4 3 On Off 
280 (5.1) 441 (6.6) 388 (9.1) 33€ (4.2) 
1,499 (27.4) 742 (11.1) 457 (10.7) 1,784 (22.6) 
1,575 (28.7) 2,832 (42.4) 1,643 (38.5) 2,764 (35.0) 











5,481 (45.1) 





two wounds were contaminated with one colony of Staphy- 
lococcus coagulase negative) at the time of closure (Table 
5). 

The figures in Table 6 and the other data imply that the 
number of bacteria entering the wound from the air was 
negligible in all hips monitored with the UV lights on. 
Settle plates reflect the degree of air contaminztion. The 
air conditioning system in rooms 3 and 4 was sufficient to 
maintain airborne bacteria at a relatively low level. The 
addition of UV light diminished this level even more. 


Clinical Analysis and Review of Patients 


Altemeier and Levenson* (Table 7) provided data on the 
incidence of infection, although they wrote, “There is 
evidence that this incidence is much greater than generally 
suspected.” They indicate that the 7.4% wound infection 
rate was determined for all types of operative wounds as 
determined during a 2'4-year collaborative study of UV 
light used in 15,613 consecutive operative proced ires done 
in five American university centers, under the National 
Research Council. The operative wounds studied were of 
the following types: clean, clean/contaminated, contami- 
nated, and dirty. 

The incidence of postoperative wound infection was 
directly related to the type of operation; for herniorrhaphy 
the wound infection rate was 1.9%; for thyroidectomy it 
was 2.2%, and for radical mastectomy it was 18.9% (consid- 
er the axilla, hematoma, and so forth) Altemeier and 
Levenson classified the infections according to the basis of 
source or base of infection, with the following three 
general types: community or home-based infections, oper- 





Average No. of 
` CFUs/cu ft/min 


F=0.05 





No. of CFUs* 
6,685 






4,271 
7,895 3.2 


F=0.01 
Wilcoxon x*—0.01 



































870 (15.9) 
914 (16.7) 


1,874 (28.0) 
747 (11.2) 
13 (0.2) 


1,143 (26.8) 
617 (14.5) 
11 (0.3) 


1,601 (20.3) 
1,044 (13.2) 
Z (0.03) 































1 (0.02) 






24 (0.3) 
31C (3.9) 
2 (0.03) 
7,895 (64.9) 


310 (5.7) 
2 (0.04) 





















6,685 (54.9) 4,271 (35.1) 
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Tab\=6.—Bactera! Settle Plates and Wound Contamination 
Room 


Ultraviolet 
Light No. 


On Off 













Total 






No. of colony-forming 
units’ cu ft/ min 


No. of contaminatec wounds 





0.08 0.03 0.11 0.08 0.08 
2 1 1 Za 6 









Table 7.—\ncidence of Operative Wounds and Infection* 


ra 
Type oí Operative Wound No. Incidence Infection, 96 
Clean , 11,690 594 5.1 
Clean, contamira 2,589 280 10.8 


Dirty, contaminated 1,262 277 21.9 
Not reported 72 6 8.3 


* Data ordered from Altemeier and Levenson.® 







ating room-based infections, and hospital-based infec- 
tions. : 

Infeetions that secur in patients during their hospitali- 
zation are designated as hospital-acquired or nosocomial 
infections. They are the result of microbial invasion, most 
often by antibiotie-resistant and virulent microorganisms 
of the hospital en-ironment. 

In the definitior as agreed on by the surgeons at Duke 
and described by Altemeier and Levenson, a clean wound is 
considered to be a nontraumatic, uninfected operative 
wound in which mone of the respiratory, alimentary, or 
genitourinary tracts or the oropharyngeal cavities are 
entered. Clean waunds are elective, primarily closed, and 
undrained wounds (Hemovac is currently used in most 
total hip replacements and this does add another element 
to the definition). There is an open hole present for as long 
as 24 to 48 hours after the tubes are removed, and the 
tubes, in themseives, can become contaminated from 
surrounding tissue. 

Contaminated weunds include open, fresh, traumatic 
wounds, operations with a major break in sterile technique 
(eg, open cardiac massage and incisions encountering 
acute, nenpurulen: inflammation). Dirty wounds include 
old traumatic wounds and those involving abscesses or 
perforated viscera The very definition of this classifica- 
tion suggests tha: the organisms causing postoperative 
infection are present in the operative field before opera- 
tion. According to Altemeier and Levenson‘: | 


The controversy ove” the relative importance of aerial microbial 
contamination in the incidence of postoperative infection has 
continued sinee the ast part of the 19th century to the present. 
Experimental eviderce and clinical experience have emphasized 
the greater importance of contamination from endogenous and 


exogenous sources through contact. It is generally agreed, howev- 


er, that there have been proven examples of infection from aerial 
contaminatior in hospital practice, but that additional research is 
needed to further define its importance and to develop appro- 
priate methods of control. 


Coventry said, " At Mayo Clinic in 1973, orthopedic surgical 
infections totaled 1.33%, both deep and superficial, includ- 
ing trauma as wel as elective surgery." 


To provide elear air and sanitized objects in the operat- : 
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ing room at Duke University, Hart' initiated UV light 
approximately 40 years ago. This method of diminishing 
the concentration of airborne bacteria has resulted in the 
Orthopedie Service at Duke reporting an infection rate on 
refined clean cases of less than 1% per year during a 
37-year period. Ultraviolet irradiation of the specified 
intensity is effective in killing pathogenic bacteria and 
fungi within 15 minutes of exposure."^* Various methods 
of air sampling and determination of bacteria fallout 
concentrations have been used to determine the environ- 
mental conditions in the Duke operating rooms. These 
studies show that UV irradiation will sanitize the air and 
objects in the operating room. If the patients and person- 
nel in the operating room are protected by appropriate skin 
covering and glasses, there is no harmful effect from UV 
light. The tissues exposed in various kinds of wounds are 
not affected adversely. We believe that airborne bacteria 
are the most important cause of wound infection, but other 
conditions such as self-contamination from the urinary 
tract or abscessed teeth, contamination of the operating 
site from adjacent areas such as the perineum, contamina- 
tion of hematoma from adjacent skin caused by wound 
drainage or by openings in the skin, or involvement of 
hematoma by bacteremia, all account for wound infection. 
The consistently low incidence of infection without routine 
use of antibioties, without special skin preparations, and 
without the initial limitation of traffic or the requirement 
of special draping procedures, indicates that UV light has 
been a reliable method of maintaining airborne bacteria at 
a reasonable minimum, thereby preventing infections 
from S aureus. 

We do not agree with the results of the National Research 
Council's study of 1964?*9" that indicated that whenever UV 
light was used, the incidence of infection when refined 
clean cases were involved was diminished. Our experience 
with total hip operations is parallel to our experience with 
all other refined clean orthopedic cases with respect to the 
incidence of infection. 

Use of UV light in the operating room offers the 
following advantages: (1) high output in the bactericidal 
range of the spectrum and low output in the erythemic 
range; (2) negligible production of ozone, which is rarely 
detectable by odor, even with as many as 16 tubes in the 
operating room; (3) negligible production of heat; (4) low 
cost of the irradiation unit, which is made up of high 
transmission glass instead of quartz and averages about 
$5,000 per room, including equipment and installation; and 
(5) low operating cost and less energy used. The estimated 
life of a tube is between 4,000 to 5,000 hours, and ten to 16 
tubes can be operated with as little current as is required to 
light a 150-W electric bulb." | 

The pathologic shedder or carrier is really the target of 
all our efforts, whether this be done with air conditioning 
and high-efficiency filters, unidirectional airflow, antibio- 
ties, or UV light. Gryska and O'Dea? emphasized that even 
with prophylactic antibiotics, the streptococci carried in an 
anesthesiologist’s rectum may cause a severe epidemic. 
The solution to that epidemic showed that the organism 
was recovered from the anesthesiologist, from the settle 
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plate within the room, and from the wound, indicating that 
the bacteria was primarily airborne.” 

Kundsin" specifies, based on these observations, that 
the hazard to each patient can be mathematically predicted 
depending on the number of disseminating carriers in the 
operating room. After an anesthesiologist who was listed 
as a carrier of f-hemolytie streptococci group A partici- 
pated in operations involving 183 patients, there were 13 
documented postoperative infections (7.1%). A technician 
carrying S aureus participated in 169 procedures, which 
resulted in a. 1.2% incidence of postoperative infections." 

If all three carriers described in Table 5 were in an 
operating room together during a procedure, the probabil- 
ity of the patients being infected was calculated as 14.4%. 
The airborne component of postoperative wound infections 
is not a fixed rate but varies with the hospital, the 
operating room, and the surgical team. The rate is directly 
proportional to the number of disseminating carriers in the 
operating room. The disseminating carrier can be 
anywhere in the room. He does not necessarily have to be a 
member of the surgical team. He can be a casual visitor 


near the operative site or a transient technician in the 


periphery of the room, but each disseminating carrier in 





the room contributes to the accumulative risk ineurred by 
the patient. 

The emphasis on air supply to the surgical scite is 
importan: but not the critical factor. When the zir supply 
plays an etiological role, exogenous microorganisms are 
involved. The critical factor in our experience :s the 
commensal flow of the people who are present. Even when 
properly scrubbed, masked, capped, gowned, and shed, the 
disseminating carrier will still have the capability to 
project his microorganisms into space. 


COMMENT 


To supplement the evaluation of clean air conditiens in 
the orthepedic operating rooms at Duke University using 
UV light, a review of all total hip arthroplasties dene at 
Duke Hespital has been done annually and was reeently 
reviewed to identify each patient with infection and 
analyze the circumstances surrounding each infection. A 
computer review of all medical records of patients coded as 
having had total hip replacement with infection was 
reviewed. A punch card system maintained by the Ortho- 
pedics Department at Duke was referred to. Information 
on all patients reported as having infection at the monthly 


Table 8.—Total Hip Arthroplas 
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Date of 
Case/ Age, yr/Sex Diagnosis Operation Previous Procedures Operation Time Contributing Factors 
1/50/F Systemic lupus 12/13/69 Cup arthroplasty 3 hr, 20 min Hematoma 
erythematosus 
2/62/M Posttraumatic 10/25/69 Steroid injections 3 hr, 45 min 
arthritis 
3/71/M Rheumatoid arthritis 3/14/70 Refined, clean* 3 hr 
4/42/F Posttraumatic 1/24/70 Soft tissue releases; 5 hr Preoperative pyuria; hematoma 
arthritis capsulectomy 
5/68/F Degenerative 7/9/ 71 . 2 hr, 5 min Recurrent upper . 
joint disease respiratory infection 
6/ 40/ M Aseptic 11/27/71 Moore prosthesis and 3 hr, 10 min 1° contaminated wound; 
necrosis 2 revisions using hematoma 
total hip arthroplasty 
7/59/M Aseptic 3/18/71 Cup arthroplasty 3 hr, 15 min Prolonged protime; 
necrosis hematoma; Foley 
8/64/M Posttraumatic 7/3/71 Multiple pins for initial 3 hr, 20 min Chronic prostatitis; 
arthritis fracture (9/65); Moore preoperative urinary tract 
prosthesis, 5/66 infection, hematoma 
9/46/M Congenital dislocation 11/30/72 Status postoperatively failed hip 4hr, 30 min Infected after additicnal 
of the hip fusion two times, 1968 and 1970 surgery 
10/36/F Systemic lupus 7/5/72 Refined clean 2 hr, 30 min Hematoma 
erythematosus, a cases 9/18 
septic necrosis 
11/66/F Rheumatoid arthritis 3/29/73 Refined clean cases 9/18 3hr Fs 
12/73/M Posttraumatic 6/23/73 Moore prosthesis, 3/73 3hr 1° contaminated wound 
13/53/F Rheumatoid arthritis 6/29/74 Refined clean cases 9/18 2 hr Superficial hematoma 
14/ 50/F Congenital dislocation 2/12/74 Refined clean cases 9/7 8 3 hr, 20 min 
of the hip 
15/ 78/M Degenerative 5/22/75 Refined clean cases 9/78 2 hr, 30 min Preceding upper respirétory 
joint disease infection; febrile illness 
16/ 38/F Posttraumatic . 9/19/75 Multiple procedures, imcluding 5 hr, 30 min Tibial skeletal traction p.n, 
infected total hip postoperative catheter 
arthroplasty, 10/ 72 (Foley type) 
17/33/M Posttraumatic 3/10/76 Refined clean cases 9/718 4 hr, 20 min Preceding febrile illness 
18/ 67/F Rheumatoid arthritis 3/ 2/ 77 Refined clean cases 9/ 18 2 hr, 45 min Hematoma; postoperative 


urinary tract infection 


Wound Infections/UV Light—Mogcio et al 


complications conf=rence had been recorded by an assigned 
individual in a particular file. This was compared with 
independent review as a result of conference with each 
memberof the attending staff, who was asked to recall any 
persenal patients who have had infection since 1969. A 
nurse epidemiologist reviewed all infections from 1969 
through 1977, and a summary of patients involved is given 
in Table 1. Between 1969 and 1977, 1,322 total hip replace- 
ments were performed by several senior surgeons and as 
many more resideat staff members. There were 18 patients 
with infections, a total raw infection rate of 1.35%. This 
included patients with early and late infections for what- 
ever the-cause. Of the total 18, ten were defined as refined 
clean cases, without having had prior operation. The 
definition, however, was not exact, since all of these 
patients did have postoperative Hemovac drainage, which 
temporarily provides an exit to the outside from within the 
wound. The infecsion rate for the refined clean cases was 
0.68%. Of the totel number of patients listed as infected, 
several surgeons were invo ved with a varying number of 
patients from the entire group. Certain surgeons had 
known infeetions, others had none. 

Deseriptions of the 18 identified patients with infected 


ifections in 1,322 Patients, 1989-1977 
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total hip arthroplasties are given in Table 8. Each case was 
reviewed for an underlying disease, a history of prior 
operation on the hip managed by total replacement, the 


time required for the operative procedure, and associated 


clinieal conditions or contributing factors thought to be 
associated with subsequent development of infection. We 
obtained identification of the organism, attempted to 
indicate whether the infection was early or late, deter- 
mined if the patient had been receiving short-term or 
long-term steroid therapy, and listed whether anticoagula- 
tion had been used in conjunction with the operative 
procedure. Other factors, such as the length of the preoper- 
ative hospital stay and the outcome of the patient’s hip 
arthroplasty, were all considered in defining the infec- 
tion. 


CONCLUSIONS 
Clinical Wound Infections 


Our review of these patients and the characteristics that 
appear to affect the development of wound infection 
indicate that the source of the bacteria causing the wound 
infection was usually not airborne. The assumption that 
autoinfection occurred several times is justified. Nosocom- 


Steroid Anticoagulant Length of 
Organism Early/Late Therapy Therapy Preoperative Hospitalization Outcome 
Proteus mirabilis Early 1 day Girdlestone; bleeding 


N diathesis; death 
Corynebacterium acmes Late Local *9 1 day Girdlestone 
injection 


Clostridium pertringes; Early Long-term Warfarin sodium 9 days Girdlestone 
Escherichie coli; Enterobacter (Coumadin) 
Proteus orcanisms i 
Pseudomonas; Early Warfarin 1 mo Retained prosthesis (5/ 18); 
Pr morganii ambulating without pain or 
support 
E coli Late 2 days Girdlestone; ambulating; 
pain free 
Staphylococcus epicermidis Early Warfarin sodium 1 day Girdlestone 
(cultured at surgery) 
Enterobacter- Early Warfarin 3 days Girdlestone 
Pr mirabilis 
S aureus (positive, 6/18]; Early Heparin sodium 4 days Girdlesone; postoperative 
Pseudomonas; Klebsiella pneumonia; 
Pr morganii death 
S aureus (positive, 618) Late Dextran 70 2 days Girdlestone; continued 
sinus tract drainage 
Enterobacter: Pr mirabilis; Early Long-term Warfarin 7 days Retained prosthesis (5/1 8); 
S aureus (positive, 6/* 8) healed and ambulating 
without pain 
S aureus (positive, €/18) Late Long-term e 1 day Girdlestone 
Enterococcus Early xs Warfarin 3 days Girdlestone 
Pseudomonas Early Long-term Dextran 70 1 day Retained prosthesis (5/18); 
healed and ambulating 
without pain 
Pseudomonas Late Aspirin; Dextran 70 1 day Retained prosthesis (5/ 18); 
doing well 
S aureus (negative, 3/18) Late Aspirin; Dextran 70 2 days Girdlestone; 
chronic osteomyelitis 
Enterococcus Early Aspirin; Dextran 70 8 days Chronic drainage; 
girdlestone; continued 
crutch ambulation 
Microaeropr ilic Streptococcus Late Dextran 70 1 day Girdlestone 
E coli, enterococcus, Early Heparin; Warfarin 2 days Wound healed; 
Pseudomonas, S aureus retained prosthesis (5/18) 
(negative, 6; 18) 
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Table 9.—Surgeons' Estimates on Number of Total Hip 
Arthroplasty Done by Different Surgeons and the Number of 
Patients With Infection in Each Surgeon's Series 







No. of Total Hip 
Patients With Arthroplasties Done 
Surgeon Infection 1969-1977 


1 None 200 






8 None 10 


9(othersurgeons 
combined) 9 200 
Table 10.—Infections in Refined Clean Cases 








Prosthesis 
Left In Operating Probable Source 
Patient or Out Room Source? of Infection 


3 Out Yes Methacrylate 
5 Out No Urinary tract 
10 In No Hematoma, external 
contamination 


11 Out No Septicemia, 

three years 
13 In ? Hematoma 
14 -— In ? 


Hematoma 












15 Out No Respiratory infection, 
1% years 

17 Out No 1% years, source? 

18 In No Urinary tract 





ial infection occurred on a few occasions. We believe that 
the highly effective air-conditioning system cools and 
dehumidifies the air in the orthopedic operating rooms at 
Duke and provides adequate air exchange and ecooling.^ 
The supplementary use of UV light during the time when 
the patient and the operating team are functioning will 
diminish airborne bacteria to an acceptable level." ^^ 

The evidence provided by the air-sampling study, both 
with and without the UV lights on, documents this. Addi- 
tional evidence obtained by using settle plates verified the 
effectiveness of UV light in killing bacteria quickly on 
exposed surfaces. 

We have reported 18 infections in 1,322 total hips in 
seven years. These are the proved statistics of several 
surgeons with a wide variation in the number of hip 
operations that each surgeon performed (Table 9). The 
total raw infection rate was 1.36%, combining all hips and 
excluding the separation of refined clean cases from 
patients who had been operated on previously. The infec- 
tion rate for the refined clean cases was 0.68%, or nine of 
1,322 patients (Table 10). 

Of these nine refined clean cases, seven can be logically 
explained on the basis of bacterial source other than the 
operating room. Two of the nine cases of early infected 
hematomas cannot be clearly categorized as to the source 
of the wound bacteria. Hence, the operating room infection 
rate when considering these two cases as possible airborne 
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infections would then be 0.15%. These two patients, as well 
as two others in the total nine considered as refined clean 
cases, did not require removal of the prosthesis ea-ly or late 
(Table 9). 

We believe that Duke orthopedic operating rooms, as 
they are now functioning, provide a clean air environment. 
But other factors need emphasis and attention. 


Other Contributing Factors 


Factors other than airborne bacteria to be considered in 
analyzing the occurrence of wound infection in patients 
receiving total hip arthroplasty include the following: (1) 
drapes, gowns, scrub suits; comparative studies between 
various weaves, liquid repellents, and different kinds of 
wristlets, neck covers, and wraparounds*; (2) preparation 
of the perineum from the operative site with special 
draping techniques and avoidance of soilage during the 
procedure; (3) coverage of the operating room personnel, ie, 
the surgeon, with partieular attention to the exposed or 
unexposed neck area, and head or facial hair. Fallout from 
pant legs, exposed back, and shedding from other sites”; 
(4) skin preparation, reasses immediate bacterial kill vs 
slow kill, and prolonged action of the skin antiseptic; (5) 
where to anesthetize the patient to decrease particle 
activity and bacterial coneentrations—anesthetic room or 
in the main room with all instruments and prostheses 


 eovered?; (6) urinary tract infection—detect by urinalysis 


and, if necessary, preoperative culture; (7) aspiration and 
culture of previously operated hip, aerobic, anaerobic, L 
forms?; (8) catheterization—avoid before, during, end after 
the operation; (9) intravenous lines—eliminate as soon as 
possible; (10) anticoagulation monitored carefully. Avoid 
excess, even in high-risk patients; (11) postoperative 
wound management for Hemovac holes, wound compres- 
sion, and management of persistent drainage or frank 
hematoma. (12) prophylactic antibiotics—initiate preopera- 
tively, use intraoperatively, and minimal period of time 
postoperatively”; (13) sterility of implants including 
methacrylate, high-density polyethylene, and metallic 
components. Avoid exposure while waiting for insertion. 
(14) patient assessment as to high risk, eg, rheumatoid 
arthritis (immune system), patient receiving short-term 
steroid therapy, or patient with chronic pulmonary 
obstructive disease. (15) epidemiologic studies of operating 
room personnel for skin contamination, respiratory infec- 
tion, and hand cleansing during scrubbing; (16) anesthesi- 
ology personnel entering and leaving the room; coverage of 
hair; locus minoris resistance at site of intubation or other 
invasive procedures; and (17) wound management in 
regard to the following: excision of necrotic muscle and fat, 
nonabsorbable sutures deep or nonreactive, minimal reac- 
tive absorbable sutures subcutaneously, dead space closure, 
adequate Hemovac drainage, compression to absorb hema- 
toma, and monitoring of anticoagulation. 


installation, Maintenance, and 
Determination of Intensity of UV Light 


The UV light system is relatively inexpensive to install 
and maintain. Installation does not require use of present 
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occupied space eifher in the operating room or in support 
areas. Various design patterns are available, depending on 
room dimens ons, but the placement. of the lights should 
produce uniferm -adiation throughout the room. 

The intensity o^ lamp output must be monitored at least 
weekly and preferably daily. A portable battery-operated 
monitor prov:des constant control by the operating room 
staff. Calibratior of the monitor by an independent 
resource is recommended. The absolute readings vary 
according to fac.ors such as energy remaining in the 
individual lamp, reom temperature, room humidity, and 
exposure of -he Amp to open surfaces in the room. The 
sidelights sheuld have shields to avoid excess exposure of 
the eyes of personnel in the room from a lamp placed at a 
low level 

Overhead Eights give an intensity of radiation inversely 
proportienal zo the square of the distance of the lamp from 
the operative fielc. The farther away the lamp is from the 
field, the less the intensity. 

The adverse effects of UV irradiation to personnel and 
patient, eg, conjunctivitis, skin erythema, and corneal 
burns, have deer noted. Mandatory use of hoods, gowns 
covering the arms, glasses with side shields, and plastic 
visors or totel eye shield goggles will reduce the effects of 
exposure to & negligible amount. Certain areas of the face 
can be protested by protective creams, so that those skin 
areas not coverec ean be shielded.!-15-38-10 
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Open New Doors for your 
Alcoholic Patients 


To assist you in treating The section on diagncsis and 
persons afflicted with alcoholism, treatment has been greatly expanded 
the American Medical Association has as a result of the integration of the 
updated and revised its Manual on material on medical complica- 
Alcoholism. Incorporating, tions. With the adcition of 





for the first time, the other data compiled from 
Medical Complications of E recent research and clini- 
Alcohol Abuse (out of i Manual on cal experience, this new 
print), this new edition S Alcoholism Manual on Alcoholism is 
provides the current designed to present 
authoritative informa- major considerations 
tion which is essential involved in helping 
for helping you to recog- patients with 
nize, as well as treat, drinking problems. 


alcoholism. Now that alcoholism 
is classified as a 
disease, your role will 

be increasing. Manual 

on Alcoholism should 
prove to be useful in your 
endeavors. Order this 
valuable reference today! $2.50 


Manual on Alcoholism provides a concise overview of this complex illness. Its 
purpose is to give you a better understanding of: 


e your alcoholic patients * diagnosis and treatment 


e important factors in the development » more frequent complications 
of alcoholism : 





Order Dept. OP-185 

American Medical Association 
535 N. Dearborn 

Chicago, IL 60610 


Please send. — . copy(ies) of Manual on Alcoholism, OP-185, at $2.50 each. I enclose $________., payable to 
the AMA. 
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Youre constantly improving 
your surgical technique. 


Pilling has 350 different 
clamps to help. 


Pilling gives vou the greatest available selection 
of vascular clamps — more than any other 
company — precisely matching the anctomical 
consideratiors for almost every surgical 
approach you use. 


Hegardless o: the vessel to be occluded, you get 
complets vessel control efficiently and safely. 
Non-traumatic Atraugrip® jaw serrations — 
patented by Pilling and now widely imitated, 
grasp vessels irmly without crushing. You get 


complete vessel occlusion with intimal protection. 


We've taken the most common point of 5reakage, 


the box lock, and developed a patentec process 
that makes the box lock virtually indestructible. It 


will mot breaz! Our Life-Lok® box lock construction 


protects your patient and assures conficence in 
your clemps. 





We want to send you full specifications on the 
clamps that can enhance your surgical 
technique. Call us direct. We'll send you our 
240 page catalog showing how Pilling clamps 
can do more for you in the operating room 
than any other clamps. 


Call Toll Free Ask for Pilling's latest catalog of 
vascular, thoracic, and cardiac instruments. 


800-523-6507 


215-643-2600 in Pennsylvania or write 
Mr. William Taylor at the address below 


<> NARCO PILLING 
A Division of Narco Scientific 
Delaware Drive 


Fort Washington, PA 19034 
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Operating Room Environment 


Airflow Effects in Surgery 


Perspective of an Era 


Harold Laufman, MD, PhD 


e Accumulated evidence of the last decade has emphasized 
the multifaceted nature of wound infection control. Clean air is 
definitely one of the facets in the complex, but its place in the 
hierarchy of precautions against wound infection has not been 
established, nor has the method of achieving acceptably clean 
air been universally agreed on. The surgical team and the patient 
are the prime sources of contamination during an operation, as 
evidenced by the good matches between bacteria of infected 
wounds and those of the team or the patient and by the poor 
matches between bacteria of infected wounds and airborne 
bacteria. Therefore, special air-handling systems, despite their 
ability to lower ambient bioparticulate counts, cannot be credited 
with being a highly relevant factor in the reduction of wound 
infection rates. 

(Arch Surg 114:826-830, 1979) 


[I o high-speed, airflow systems, if properly 
used, tend to lower the bioparticulate count in the air 
of an operating room. But the question persists as to 
whether the system is necessary to obtain a lower infection 
rate than can be obtained in an operating room with a 
properly installed, properly maintained, unabused, conven- 
tional air-handling system. 

It is now almost ten years since orthopedic surgeons 
learned of the successful procedure for replacement of the 
hip joint as developed by Sir John Charnley in the 1960s. 
Many orthopedic surgeons came away from their trips to 
Wigan, England, with a wealth of information and with a 
shopping list of materials, instruments, and equipment 
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that they would need to implement the procedure at their 
own hospitals. One of these pieces of equipment was a glass 
enclosure with a ceiling plenum and a high-speed air fan 
that would blow ultrafiltered air from the ceiling into the 
chamber. Moreover, Charnley' attributed his recuction in 
infection rate from 9% to 1% mainly to his use of a 
laminar-flow air chamber. 

In the ensuing years, in the United States, there was a 
tendency for surgeons to declare the efficacy of their 
existing air system inadequate, often without testing, 
simply because it did not conform with the Charnley 
system. Articles began to appear that compared bw bacte- 
rial counts in the air of laminar-flow chambers with the 
higher counts of “conventional” operating rooms. Often, 
these tests were conducted in empty rooms. Heavy pres- 
sure was applied to administrators, architects, planners, 
and surgical colleagues by orthopedic surgeons and by 
manufacturers of components and modular ventilating 
systems to install so-called laminar-airflow enclosures in 
both newly planned and existing operating rooms, particu- 
larly those in which hip replacement surgery was to be 
done. The word “laminar” became magic and its true 
meaning, as applied to airflow, was lost. 


LAMINAR VS CLEAN 


Surgeons began to confuse "laminar" with "clean."* By 
definition, the term “laminar” applies to the unidirectional 
flow of air through an unobstructed space. The term is used 
to describe the layers of nonturbulent air around a stream- 
lined object, such as an airplane when it flies or is tested in 
an air tunnel. When applied to operating rooms, unidirec- 
tional flow, be it vertical, horizontal, or oblicue, must 
inevitably strike objects or people and must be broken by 
motions and movements of people. Thus, turbulence always 
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exists in the air of an active operating room regardless of 
the general direeti»mality, speed of flow, or other charac- 
teristics of the air @ming into it. Laminar flow of a'r, then, 
is a preduct of the distributor and is a characteristic of 
flow. 

Cleanliness of air coming into a room is a praduct of 
filtering at the poiat of dissemination. The type of filter- 
ing and its efficacy determine the cleanliness of the air as 
it leaves the fi ter and enters the room. But the fi ter has 
nothing to do with the airborne bioparticles produced by 
the people in the reom, nor with the refloating of particu- 
late matter in the air. A blower determines the speed of air 
as it passes through the filters and enters the rocm. The 
finer the filter, the greater must be the force generated by 
the blower. Thus, h gh-speed airflow requires more power- 
ful blowers if ultrafine filters are used, such as high- 
efficiency part culase air (HEPA) filters. High-eficiency 
particulate air filters, when they operate properly (not 
plugged or damaged), filter out all particles down to 0.3 p, 
or macrovirus size. The air distributor (one or more) and 
the boundaries of space determine the direction of the 
airflow and, sogether with the configuration of the room 
and its contents ard flow rate, contribute to flow charac- 
teristics, such as poekets of exceptional turbulence, stagna- 
tion, and general d rectionality. 

But the term “laminar” has strayed far from its correct 
meaning, anc nowadays it is being used by surgecns as a 
descriptive term fcr any special air-handling or blowing 
device. Use of the term, erroneous though it may be, seems 
to add status to səth the user and his envircnment. 
Laminar flow has beeome a catch term applied to eny and 
all blowing o7 air at high speeds in operating rooms in a 
more or less un direetional manner. The misuse of ik term 
seems to be kere tc stay. 

With the marketing of karizontal, modular blowers, a 
minor controversy soon arose as to whether vertical airflow 
was better than horizontal, or vice versa.’ Some hospitals, 
especially those ia Europe, installed diagonal-airflow 
distributors in their operating rooms. It was precictable 
that a state of utterconfusion arose on the part of surgeons 
and administrators as to the need for expensive air- 
handling installations to carry out joint replacement 
surgery safely.“ The clamor rose to a point at which some 
orthopedic surgeons joined the chant of manufacturers 
that unless a laminer-flow chamber was installed, infection 
rates would 5e high, and lawsuits were sure to follow. 
Salesmen used this threat as a sales point. 

However, a survey of state medical societies made in the 
early 1970s indieated that up to that time, none of the 
authorities knew of any malpractice insurance contract or 
any lawsuit -m the United States in which special air- 
handling equipment was mentioned. Investigation of a 
number of other fzlse rumors, most of them spread by 
surgeons themselves, did not eonfirm a single case in which 
a surgeon or a hespital had been sued, or was beinz sued, 
for not operating i3 a special air enclosure. The ceunter- 
question was raisec as to what the legal consequences to 
the manufacturer or supplier might be in the instance of an 
infection that occurred in a patient operated on in an 
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enclosure.* 

Many US hospitals have operating rooms with well- 
filtered, humidified, temperature-controlled, properly dis- 
persed air, with air-handling plants that are properly 
designed and maintained and kept in good repair. These 
operating rooms are usually ventilated by efficient bag- 
fltered er HEPA-filtered systems. The environment of 
such operating rooms, especially when airflow rates 
provide ever 25 changes per hour, has been shown to be 
virtually as clean as that produced in special chambers. If 
such ventilating systems are in good working order, the 
biopartieulate matter in the air is virtually nil until the 
room is occupied by the surgical team, and then the air can 
be kept clean with proper containment of the team. 
Hospital administrators and funding agencies, who noted 
tne cost of special air-handling installations, wanted to 
know if special air enclosures were necessary even for 
well-ventilated rooms. They wanted to know if, indeed, a 
hospital would be open to litigation if laminar-flow cham- 
bers were not installed. 


Review of Opinions 


It was in this climate that in December 1971, certain 
members of the Committee on Operating Room Environ- 
ment of the American College of Surgeons met to consider 
the subject of special air-handling devices for operating 
rooms. Various other individuals who included industrial 
representatives participated in a review of opinions and 
data in the field. With recognition of the changing charac- 
ter of opinion as new data were being added, the commit- 
tee? developed the following statements with respect to 
special air systems for operating rooms. 


l. There is no conclusive evidence at this time that laminar 
(laminar fiow in surgical operating rooms is defined as air flow 
which is predominantly unidirectional when not obstructed), clean 
(clean air in surgical operating rooms is defined as first air 
emitted from the final bacterial filter) air flow, in itself, has a 
favorable influence on the incidence of surgical wound infec- 
tions. 

2. At the present time, systems of air handling exist which, 
when properly used, may reduce the number of airborne bacteria 
in critical areas of the operating room. 

3. However, carefully controlled studies are required on the 
efficacy of clean air factors upon wound infection rates before the 
proper use of air handling systems for operating rooms can be 
defined. 

4. Therefore, all presently accepted surgical, technical, and 
hygienie methods of achieving surgical asepsis must be rigidly 
maintained regardless of the type of air systems employed. 

5. In new construction, it is advisable to give consideration to 
methods of air handling which may reduce airborne infection, such 
as the use of High Efficiency Particulate Air (HEPA) filters, air 
distribution, and changes per hour. This does not necessarily 
indicate the special equipping of one or more operating rooms for 
a specific type of surgery, but should be considered as standard for 
all operating rooms. Existing guidelines are available from a 
number of hospital planning agencies for this purpose. (Center for 
Disease Control, 1600 Clifton Road, N.E., Atlanta, Georgia 30383; 
Office of Architecture and Engineering, Health Care Facilities 
Service, U.S. Public Health Service, 5600 Fishers Lane, Room 9-45, 
Rockville, Maryland 20852; National Fire Protection Assn., [470 
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Atlantic Ave], Boston, Massachusetts 02110.) 

6. In existing surgical facilities, consideration should be given 
to the routine periodic study of the environmental bacteriology. 
Improvement in the bacteriologic environment does not necessari- 
ly mean the purchase of new air handling equipment. If new air 
handling equipment is deemed necessary, this need not necessarily 
include special enclosures nor laminar air systems of other types in 
operating rooms. Appropriate applieation of fundamental surgi- 
eal, technical, and hygienie measures of achieving surgical asepsis 
may be sufficient. 


Lack of Conclusive Evidence 


At the time of this statement, there were difficulties in 
the accumulation of unbiased evidence on the possible 
clinical value of such installations. The difficulties were 
augmented by emotional or defensive views, both pro and 
con. Neither the enthusiastic testimonial statements by 
some orthopedic surgeons on their low incidence of wound 
infection with such enclosures nor the reaction against 
their use were the result of completely acceptable evidence 
at that time. Moreover, no known conclusive evidence to 
support the superiority of vertical over horizontal flow, or 
vice versa, or the superiority of unidirectional over turbu- 
lent flow, or vice versa, was available either at that time or, 
indeed, up to the present. 

A difference in the need for these devices is apparent in 
operating rooms that contain obviously dirty air as against 
those with cleaner air in terms of bioparticulate content. 
Many operating rooms still in use were built 20 or more 
years ago, before current codes or federal agencies guided 
the mechanical engineering of such installations. The air in 
these rooms is commonly circulated at less than 12 changes 
per hour and is not sterile. More recently built installations 
may function poorly, either because of suboptimal mainte- 
nance or because of a substandard installation. In some 
older American, British, and continental hospitals, the 
operating rooms often contain completely untreated air, 
sometimes with a relatively unfiltered window air condi- 
tioner. Disciplinary precautions are often loosely enforced. 
A comparison of air samples from such so-called conven- 
tional rooms with that of so-called laminar-flow rooms 
would yield obvious results. 


COMPARATIVE ENVIRONMENTAL STUDIES 


Good team containment in a reasonably well-ventilated 
room will keep ambient particulate counts extremely low in 
conventional operating rooms. With more than 25 air 
changes per hour, operating rooms have been shown to 
have ambient particulate counts of less than 5/0.03 cu m. 
Thus, rather than use a loose term such as "conventional" 
with which to compare effects, it.is of some importance to 
describe the system more precisely. In recognition of this 
problem, the Air Quality Subeommittee of the Committee 
on Operating Room Environment of the American College 
of Surgeons’ issued the following statement in 1977. 


In the last several years reports on clinical experiences with 
various air environments in surgery have originated from many 
institutions. Meaningful comparisons between these reports have 
been difficult to make, since bacteriologic, engineering, and 
equipment description data necessary to evaluate the operating 
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cireumstances often have been lacking. In order to provide a basis 
for understanding clinical reports on refined air environments 
[the subcemmittee] recommends the following information be 
included when describing ventilatory characteristics of special, as 
well as conventional, environments. 

1. The type rating in the manufacture of the air filters in the 
system and the frequency of inspection and recertification of the 
filters in use should be reported (specifications may follow the 
format of Federal Standard 209B), and the efficiency of the 
system at a given particle size should be stated. 

2. The performance characteristics of the air delivery system, 
including direction and volume of air flow within the operating 
room, should be described, and the cubic dimensions cf the room 
and the piena should be given. 

3. The mean velocity of air emerging from the final cistribution 
face, and the velocity and direction of air above the surgical site 
and other designated areas under study measured durirg a typical 
surgical procedure, should be reported. The presence and nature of 
obstructions to the air flow between the final distribution face and 
the surgical site or the instrument table should be described. 

4. The microbiologic character of the air directly over the 
operative site, in consonance with the "Definition of Surgical 
Microbiolegie Clean Air" should be documented. 

5. The average temperature and relative humidity im the enclo- 
sure durirg the procedure should be reported. 

Clinical reports should include data on such variables as contain- 
ment of :he patient and the surgical team, type of mask or 
enclosure of the head, suits and gowns, type of preparztion of the 
skin of the surgical site and of the surgical team, traffic in and out 
of the surgical enclosure, management of the wouad, use of 
antibiotics, epidemiologic data of the surgical team, and other 
specific procedural data. To be truly significant, studies which 
report on effect of air environment or wound infection must be 
structured to include another type of environment as the major 
variable. 


As stated in C. L. Nelson's article in the present sympo- 
sium (p 778), prevention of infection in patients operated 
on in special enclosures may be more dependent on extra 
attention to all previously known details of aseptic proce- 
dure than on the enclosure per se. Some crthopedic 
surgeons regularly wear two pairs of gloves and helmets or 
hoods, limit the number of visitors, prohibit talking, and 
take other precautions against contamination frcm various 
sources. One must also be aware of the well-known effect 
of exper:mentation, as such, on results, over and above the 
specific effect of one altered parameter. 


FAULTY AIR SYSTEMS VS 
ABUSED AIR SYSTEMS 


Of course, it is possible for a faulty or malfunctioning 
air-handling system to bring heavily contaminated air into 
the operating room. Reports have appeared of cpen heart 
surgery in which cases of bacterial or fungal endocarditis 
were traced to a defective air-handling system.’ Oddly 
enough, in these same rooms, everyday operations, such as 
cholecystectomy, herniorrhaphy, and so on, were accom- 
panied by acceptably low wound infection rat2s and no 
unusual morbidity despite the contaminated air. This 
information emphasizes the fact that under specal circum- 
stances, such as strong suction at the operativ2 site and 
implantation of a large foreign body, extensive air contam- 
ination may contribute to surgical infection. 
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Abuse of otherw se clean operating room environments 
includes such >raczices as the following: leaving a door 
open during operative procedures; permitting unrestricted 
opening and clesing of the door as people come and go; not 
covering long hair, sideburns, or beards; and allowing 
technical and anesthesia personnel to wear shor--sleeve 
shirts in the operating room, thereby enhancing tke shed- 
ding phenomenon. Other abuses are as follows: excessive 
number of improperly gowned visitors; unnecessary activ- 
ity of people, which includes the flapping of drapes. towels, 
and gowns; ard amy other maneuvers that may ansettle 
previously shed particles from the floor or other horizontal 
surfaces.” 


OTHER FACTORS 


One uncontrollec factor in many of the studies is the 
resistance of the patient. The assumption is often made 
that if the sane operation is performed on patients who 
fall within a giver age group, they can be considered a 
homogeneous samle. Several studies can be quoted to 
show that this is rot necessarily the case.* An otherwise 
healthy patiert who undergoes an operation in which a 
foreign body is implanted may experience uneventful 
wound healing despite the fact that a certain number of 
bacteria are preseat in the wound. Conversely, 2 person 
with suppressed defense mechanisms may suffer 2 wound 
infection, without a foreign body implant or with a foreign 
body implant zs small as a knotted suture, although almost 
no bacteria are present in the wound. Variations in defense 
mechanisms, tne sme of the foreign body, and the number 
of bacteria, iatercependently, will generally dictate the 
chances of wound nfection. Variants on this trusm may 
stem from th» folowing: physicochemical properties of 
implanted foreign substances; offenses in surgical tech- 
nique (poor hemostasis, tight sutures, tissue necrosis, dead 
space); environmental factors (bacterial strike-through of 
barrier mater als, bacterial particles in the air); and the 
influence of various combinations of defense mecaanisms 
in the same patiert. 

Both the presence and the effectiveness of antibodies 
are diminished in -he presence of disease (diabetes, blood 
diseases) and physicochemieal effects on the body (cyto- 
toxie drugs, -adietherapy). Blood, blood clots, necrotie 
tissue, and lymph and cellular debris may be looked on as 
foreign bodies in a wound, in addition to being excellent 
substrates for the growth and propagation of bacteria. 
Thus, when a prosthesis is implanted, the surgeon’s tech- 
nique must be especially meticulous with respect to hemo- 
stasis, asepsis, and tissue handling. If the patient's 
resistance to kaeterial invasion is hampered for any reason, 
these precautions become proportionately more impor- 
tant. 

The added protection afforded by preventive or prophy- 
lactic antibiot. es ir such patients has been under intensive 
investigation and has been the subject of a large body of 
literature. Th» literature has indicated that most patients 
who undergo hip -eplacement surgery receive preventive 
or prophylaet c antibiotic drugs, regardless of the type of 
environment n the operating room. This fact would tend to 
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point to something less than supreme confidence by | 
surgeons in special air-handling devices. Some con. | 
this situation to the use of both “a belt and a paii 
suspenders,” but they are unwilling to do without eith 


ENVIRONMENTAL BACTERIA VS 
INFECTED WOUND BACTERIA 


Evidence set forth in the present symposium basically 
confirms that of many, but by no means all, previous 
investigators and can be summed up in Fitzgerald’s (p 775) 
words, "We have not been able to relate the level of. 
airborne bacterial contamination during an operative 
procedure to the development of deep wound sepsis.” à 

This statement bears out previous conclusions of Irvine : 
et al’? who performed hip replacement surgery in two 
series of patients, with one series performed in a so-called 
laminar-flow chamber, the other in a conventional operat- 
ing room by the same team of surgeons. They found an 
approximately equal number of infections in each group, 
traceable in almost all eases to the patients' own urinary 
tracts. They could not correlate the bacteria of the wounds 
with those of the environment. 

C. L. Nelson's summary (p 778) states, "There is little 
accepted scientific data that prove the effectiveness of 
clean air in reducing infection although Charnley's experi- 
ence appears to offer support for this relationship." 

Bechtol (p 784), concludes, "Detectable microbial contam- 
ination was found to be associated with surgical person- 
nel...the efforts made to eliminate surgical-person- 
nel-originated microbial contamination fell short." The 
outer-gown contamination in Bechtol's study as well as in a 
previous Denver study seemed to reflect more on the 
barrier effectiveness of apparel than on the air system 
used. This conclusion is again borne out by Feagin's (p 790) 
study of helmet-aspiration systems as well as by our” 
studies on moist bacterial strike-through of gown and 
drape materials. It has been suggested by others" that 
laminar air chambers may actually serve a reverse purpose 
than the one intended. They may couple the bacteria of the 
team with the wound if the team is not properly contained 
within barrier coverings. 

In a recent review by J. P. Nelson" (not in the present 
symposium), an effort was made to correlate the operating 
room environment with deep-wound infection after hip 
replacement. The review shows virtually all the diffieulties 
in data gathering that were alluded to previously and that 
have plagued the investigation of the subject: wide varia- 
tions in follow-up time; wound contamination rates 
obtained from articles different from the articles that 
quoted deep infection rates; a selective bibliography; 


varied sample sizes; incomplete descriptions of environ- 


ments; an acknowledged omission of such variables as 
operating time or surgical experience; variants in tech- 
nique such as use of wound irrigants; and attempts to 
strike numerical averages when the quantitative deviation 
among components was wider than the number of samples. 
In that review, an attempt was made to reconcile the 
bacterial flora of the environment with that of infected 
wounds. But the number of infections from Staphylococcus 
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is and Escherichia coli bore no statistical relationship 
nose found in the environment. For example, the 
ence of 5 aureus in environmental air samples of any 
d of operating room was 0.6%, and in wound isolates was 
7o, but the incidence of S aureus in deep-wound infec- 
ions was 27.8%. The incidence of Gram-negative bacteria 
in the environment was 0%, and in wound isolates it was 
2.8%, but the incidence of Gram-negative bacteria in 
deep-wound infections was 20.4%. Moreover, using the 
author’s collected data, Gram-positive organisms such as 
Micrococcus sp, diphtheroids, and Bacillus subtilis did not 
come close to a match between airborne wound isolate, and 
septic wound incidence. For example, Micrococcus organ- 
isms were never found in the environment but accounted 
for 0.9% of wound isolates and 3.3% of wound infections. 
Diphtheroids were found in 14.4% of environmental 
samples and 28.5% of wound isolates but only 0.8% of 
wound infections. Bacillus subtilis was found in 25.5% of 
environmental samples, 0.9% of wound isolates, and in 0% 
of wound infections. The closest thing to a match between 
environmental and infective bacteria was seen in the case 
of S epidermidis, in which the microorganism was found in 
88.2% (active) and 95.1% (settle) of the samples of the 
| environment but was recovered in only 62.8% of the 
| infected wounds. This difference is far outside the range of 
statistical correlation. Rather than admit that these 
figures favored contact contamination over environmental 
causes of wound infections, at least for these microorgan- 
isms, the author elected to account for these differences on 
the grounds of variations in virulence, a deduction unsup- 
ported by the evidence presented. 

The four-center study by Fitzgerald et al (p 803) in this 
symposium suffers from many of the same difficulties that 
have plagued other attempts at comparative studies. 
Perhaps the most important conclusion obtainable from 
this study is that the infection rate in patients undergoing 

| hip arthroplasty with a history of previous hip surgery was 

almost three times higher than it was in patients operated 
on for the first time, regardless of the type of operating 
room environment. This finding brings in yet another 
variable that is not considered in other series and that 
further tends to diminish the critical importance of any 
method of air handling. Thus, the conclusions reached in 
these types of studies must be tempered by their several 
defects in design, mathematics, and logic. 


CONCLUSIONS 


Conclusions that may be valid at this point, when all 
other technical, sampling, and resistance factors are 
constant, include the following: 

l. Airborne contamination plays a more important role 
when a large foreign body is implanted into a surgical 
wound than when no foreign body is implanted. 

2. Airborne bacterial concentrations are directly related 
to the number and activity of people in the operating 
room. 

3. Contact contamination must not be overlooked as a 
cause of deep-wound infection. 

4. The number of airborne bacteria in the operating 
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room environment may be reduced by a number of means, 
including: (1) ultraviolet light, and (2) a properly installed, 
properly maintained, unidirectional air-blowing system 
that produces more than 25 changes per hour in a regular 
operating room, or (3) another type of well-filzered air- 
delivery system with a high rate of airflow, with cr without 
a specia! enclosure. The differences in clinical efficacy 
between these various means of lowering environmental 
bioparticulate counts have not been established. 

5. The incidence of deep wound infections after hip 
replacement operations may be kept at a minimum by a 
combination of measures, including: a meticulous surgical 
technique (good hemostasis; a minimum of tissu2 trauma, 
dead space, and necrosis); containment of the surgical team 
(impermeable gowns and drapes, gloves, and head cover- 
ing); the use of preventive or prophylactic antibiotic drugs; 
a clean operating room environment (elimination of abuses 
such as activity of people in the room and traffic in and out 
of the operating room); a good air interchange of unidirec- 
tional, filtered air with a minimum of 25 changes per hour; 
an appropriate use of ultraviolet light (possible accomplish- 
ment of the same purpose as special air-handling devices 
when combined with the other surgical and aseptic princi- 
ples just listed). 

6. A standardized method of reporting results, compara- 
ble to the one set forth by the American College of 
Surgeons,’ would expedite data collection and would lend 
some precision to what is now an imprecise and confusing 
reportage of the relative merits of various measures to 
decrease wound infection rates in hip replacement opera- 
tions. 
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Mycotic Wound Infections 


A New Caallenge for the Surgeon 


Staphen D. Cedish. MD; Ian D. Sheridan, MD; Anthomy P. Monaco, MD 


® Fungal wound infectioms have become more common 
because of the inereased use of immunosuppressivs and anti- 
neoplastic agents: prosthetic devices and grafts, broad-spec- 
trum antibiotics, and hyperalimentation. Severe burns, renal 
failure, and other debilitating conditions also predispose to 
invasive mycoses. An aggressive diagnostic approach is partic- 
ularly important, end tissue 2iopsy specimens are often neces- 
sary to establish a diagnosis. Meticulous surgical technique and 
minimization of *he predisoosing factors are crucial in the 
prevention cf these infections, and prophylactic antimycotic 
agents may be af value in selected high-risk patients. Some 
mycotic wound imfections can be managed effectively without 
systemic the-apy; but when systemic agents are needed, combi- 
nation antifungal therapy may provide improved results without 
increased drug tcxicity. 

(Arch Sure 114831-835, ~ 979) 


ae a rare complicat on of surgery, wounc infections 
caused by fungi have recently increased in incidence 
and now pose serious prcblems on many surgical wards." 
Contributing factors include the following: (1) immunosup- 
pressive therapy^'"; (2) advanced malignant dis- 
ease'-**'1-: (3) the use of prosthetic devices and grafts"; 
(4) bread-spectrum antibiotics? *7-9-13-14-19-21; (5) parenteral 
hyperalimentation***'**; (6) transcutaneous catheters’; 
and (7) certain wound-dressing materials**’*; as well as (8) 
severe bums, sarcoidosis, renal failure, diabetes mellitus, 
advanced age, and other debilitating conditions." The 
organisms generally reach the wound by henatogenous 
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spread, direct contaet with infected body fluids, or exoge- 
nous contamination. The diagnostic and therapeutic princi- 
ples necessary for the management of wound infections 
caused by fungi can differ greatly from those that apply to 
infections eaused by other organisms. The following cases 
illustrate the varied nature with which mycotic wound 
infections may be seen and the wide spectrum of treat- 
ment modalities required for their management. 


REPORT OF CASES 


Case 1.—A 38-year-old woman was hospitalized with a relapse of 
acute myelogenous leukemia and cellulitis of the labia majora. She 
had received steroids and cytotoxic therapy during the previous 
five months. A low-grade fever was present on admission. The 
hematocrit was 22.4%, and the WBC count was 21,000/cu mm, with 
91% blast forms. Her fever and cellulitis resolved while she was 
receiving erythromycin therapy. The leukemia was treated with 
daunorubicin hydrochloride and cytarabine (cytosine arabino- 
side). 

On the seventh hospital day, a venous cut-down was attempted 
in the left antecubital fossa. Because the veins encountered were 
inadequate, the cut-down wound was closed and covered with an 
elastic adhesive (Elastoplast) dressing; an alternative site was 
found for her intravenous (IV) therapy. The patient had a fever of 
39.6 °C on the following day, and cephalothin sodium (Keflin) plus 
gentamicin sulfate were given empirically. Two days later, she had 
a right lower lobe infiltrate on her chest roentgenogram. Eight 
days after the venous cut-down had been attempted, the left 
antecubital wound was noted to be tense, with a discharge of a 
serosanguinous fluid. It was then opened, and mycelia could be 
seen in the wound as a fluffy, white layer (Fig 1). Rhizopus grew 
in cultures of the necrotic wound tissue. 

Therapy with IV amphotericin B was begun. Deep invasion of 
the wound tissues by Rhizopus necessitated three operative 
procedures. A tangential excision of the wound was initially 
performed; specimens showed fungal hyphae within the skin, fat, 
and small blood vessels. The wound was subsequently treated with 
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sulfadiazine silver for one month, and the eschar was then 
debrided. A month later, the wound was granulating well, and for 
the first time, cultures of tissue biopsy specimens were negative 
for fungi. A split-thickness skin graft was then applied and the 
wound subsequently healed well. The only notable sequelae of this 
wound infection were a slight ulnar and a large median nerve 
deficit. The chest infection had cleared and the patient was in 
remission when discharged. 


Leukemia and the cytotoxic therapy predisposed this 
patient to opportunistic infection. Rhizopus is a genus of 
the order Mucorales that usually affects diabetic patients 
and involves the head or lungs, but it is also seen in other 
patients with compromised immune defenses and may 
infect any organ. Rhizopus wound infections have recently 
been associated with the use of Elastoplast bandages,^^ 
which suggests a possible source in this case. 

Rhizopus tends to invade deeply into tissues. One should 
therefore not consider this fungus eradicated from a 
wound until a culture of the biopsy specimen is negative 
since swabbing the surface may give false-negative 
results. Extensive and repeated wound debridement may 
be necessary in such cases. Rhizopus also has a proclivity to 
grow into blood vessels, which results in vascular thrombo- 
sis and/or hematogenous spread. It was not possible to 
demonstrate a fungal etiology for the pneumonia that 
occurred after the wound infection in this case, but the 
chest roentgenogram cleared during amphotericin therapy. 
Neither surgical debridement nor IV amphotericin B alone 
would be adequate for such wound infections caused by 
fungi that tend to invade deeply into tissues. 


Case 2.—A 23-year-old oil rigger was crushed by the forked 
tongs of a crane. The patient required immediate splenectomy, 
left nephrectomy, and distal pancreatectomy. No perforation of 
the gastrointestinal (GI) tract was found, and the chest cavity was 
spared. The wounds were debrided and closed. The patient 
received maximum doses of gentamicin and lincomycin hydrochlo- 
ride monohydrate preoperatively, intraoperatively, and postopera- 
tively. 
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Mycotic wound infection of venous cut- 
down site in antecubital fossa, caused by 
Rhizopus. Mycelia are seen as fluffy, white 
layer in depth of wound (case 1). 


On the seventh postoperative day, the wound began draining a 
clear, yellow fluid. A gastrocutaneous fistula was demonstrated, 
and during reoperation, a small perforation in the greater curva- 
ture of the stomach was repaired; the wound was left open with a 
drain. A week later, the patient had a low-grade fever. TF e wound 
was inflamed and the drainage was thick with Candida albicans. 
No other source of fever was found. The patient had been 
receiving gentamicin and lincomycin since the initial operation. It 
was decided to discontinue all antibiotic therapy. The fever soon 
resolved and IV hyperalimentation was started. Candida couid no 
longer be cultured after a week, the drainage ceased, and the 


"wound progressively healed. The patient's condition thereafter 


improved and he was discharged two months later. 


When opportunistic infection seems to be consequert to 
broad-spectrum antibiotics, discontinuance of antibiotic 
therapy mzy be sufficient to eliminate the infection. This 
previously healthy patient apparently had adequate immu- 
nological reserves to combat dissemination of the fungus. 
Surgical debridement of the devitalized tissue was also 
important. Subcutaneous irrigations" with ant fungal 
solutions may also be an effective treatment that can avoid 
the toxie ef'eets of systemic antifungal therapy. 

Candida is the most common cause of clinically impor- 
tant mycotic infections? and the incidence is increasing.’ In 
contrast to Rhizopus and Aspergillus, Candida usually 
does not invade as deeply into tissues or grow into blood 
vessels; it is also far more sensitive to standard antifungal 
agents.^'?^" " For these reasons, mycotic wound infections 
caused by Candida are generally easier to manage, and 
many cases may be resolved without IV antifungal thera- 
py. 


Case 3.—A 47-year-old man underwent suprapubic prostatecto- 
my. A suprapubic drainage tube and Foley catheter were placed in 
the bladder at the time of surgery, and both had been removed 
during the following week. Prophylactic cephalosporins were 
given during the first ten days. 

The wounds were healing and the patient was voiding well after 
the first posteperative week. Two weeks after the operation, a 
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vesicecatanecus fist 3a opened through the wound at the previous 
site of the suprap3bic drainage tube, and the patient had a 
low-grade fever. A spreading cellulitis became apparent in this 
area on the following day. The urine drainage through the wound 
hac ceased when the Foley catheter was replaced, but the cellulitis 
increased during the subsequent days. Candida albicans grew 
from wound swabs =nd in the urine. 

Bladder irrigatiocs with amphotericin B through the Foley 
catheter were begum and oral flucytosine therapy was given. The 
fever anc cellulitis ~esolved, and fungal cultures were negative 
after four days of therapy. The bladder irrigations were then 
stopped, but flacytesine therapy was continued for seven days. 
The weund was hezed two weeks after the cellulitis had begun, 
and the patient was discharged in satisfactory condition. 


This imfection was manifest after the broad-spectrum 
antibioties had be2n discontinued. The lower urinary tract 
candicosis eausec secondary contamination of the wound 
and a consequer. fungal cellulitis. The Foley catheter 
servec to decomoress the bladder and also allow for 
localized treatme-t with amphotericin B while avoiding its 
potentially toxic ade effects. Oral flucytosine is particular- 
ly valaable for Candida infections of the urinary tract, 
since nigh eoncer-rations of the active drug are excreted 
through the kidneys. 7:?'** Because it also penetrates well 
into tissues anc is usually effective against Candida 
species, ^ it was particularly valuable for this cellulitis. 


COMMENT 


These pazients were all at high risk because of at least 
one cf the facors known to predispose to invasive 
mycoses.'^ In aadition to the eight high-risk categories 
listed earlier, reeent reports suggest that preoperative 
bowel preparatica with oral antibiotics can increase the 
preva ence »f furgi within the small intestine? and colon," 
and thereby insrease the potential for postoperative 
mycotic wound mfection. Stone et al have further 
emphasized the a1azard of increasing enteric fungi by 
showing that this may facilitate hematogenous dissemina- 
tion resulting frem transmucosal migration of fungi into 
the GI capillary beds. Recognition of the predisposing 
factors and a h&gh index of suspicion are particularly 
important in the management of invasive fungal infec- 
ticns simee the early institution of treatment is often 
essen-ia! for suceessful therapy. 

In the first cass the source of fungi was clearly from the 
hospital ward, amd it may actually have come from the 
dressmg appliec since other workers?" have cultured 
Rhizowus from u-opened Elastoplast adhesive. Cancer and 
transplant wards may increase the environmental risk of 
fungal eontamiration^'^^ although fungi can often be 


cultured from otmer wards?*^ as well as from the alimen- 


tary -raet and sometimes the skin of healthy individu- 
als.^-^ In ease 3, antibiotic-induced urinary candidosis 
resulted in conte mination of the wound. Other sources of 
fungi include the following: the GI tract?*^»*5 indwelling 
cathe-ers or neec es’; solutions or drugs that are adminis- 
tered’ * ; and comaminated prosthetic devices, extracorpo- 
real c reulation equipment, and mechanical ventilators”; as 
well £s hernatog-nous spread from another focus of infec- 
tion.™ 
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Colonization of the GI tract by fungi deserves special 
attention. Besides the potential for hematogenous spread 
via transmucosal migration," enteric fungi may directly 
contaminate the wounds during surgery of the alimentary 
tract or via fistulous drainage. Furthermore, in patients 
with an increased risk of mycotic infections, GI ulcer 
biopsies should be performed and cultures of the biopsy 
specimens should be taken at the time of surgery since it is 
not uncommon for both candidiasis and aspergillosis to 
initially be manifest as massive GI hemorrhage or perfora- 
tion of an abdominal viscus.'**° 

The diagnosis of mycotic wound infections may be 
especially difficult. Wound swabs may be false-positive 
from contamination, or false-negative. Mucorales and 
Aspergillus are notorious for their tendency to invade 
deeply into tissues, and cultures from surface swabs may 
be negative for fungi.” Biopsy of the wound tissue is the 
only reliable method to make the diagnosis.’ In one series” 
with 11 recipients of renal transplants who had aspergillo- - 
sis, the infection was diagnosed before death in only two. 
Special mycologic culture techniques are important,” and 
serologie tests may be helpful in making the diagnosis and 
in monitoring the response to therapy.*'* 

Localized treatment with topical antimycotics,'** or 
subcutaneous irrigations with antifungal agents,” can be 
effective wound therapy that circumvents systemic toxici- 
ty. Debridement of necrotic tissue is essential, and mycotic 
abscesses must be drained. Since specific predisposing 
factors can usually be determined, they are of primary 
concern in the construction of an effective plan of manage- 


ment. When possible, immunosuppressive therapy may 


have to be discontinued, predisposing disease conditions 
must be maximally controlled, antibiotic or cytotoxic drug 
regimens may need alterations, and infected catheters or 
prostheses may require removal. 

Whenever progressive or systemic disease is present, or 
if the infection may threaten a nearby structure or organ, 
systemic antifungal therapy must be given. Intravenous 
amphotericin B has been the mainstay of antifungal 
therapy for nearly 20 years. Most fungi are sensitive to this 
agent, but the main drawback to its use is potential 
nephrotoxicity.’***"'? Gastrointestinal disturbances, he- 
patic and marrow toxicities, metabolic abnormalities, and 
constitutional side effects may also occur, as well as 
phlebitis at the site of administration.**?'** Oral flucyto- 
sine has generally been used as a second-line drug for 
deep-seated mycoses when amphotericin therapy had 
failed or been discontinued because of toxic effects. 
Although fewer fungi are sensitive to it, flueytosine pene- 
trates into tissues and body fluids better than amphoteri- 
cin B." Its side effects are also less severe," but GI, 
marrow, and hepatic toxicities may occur.'?*"**7 Several 
comprehensive reviews of the standard uses of antifungal 
agents are available.^ 55:23:12? 


RECENT ADVANCES 
A number of provocative developments in the treatment 


of invasive mycoses are especially relevant to surgical 


patients. Perhaps the most notable advance has been in the 
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use of combined antifungal therapy. Since amphotericin B 
acts by impairing the selective permeability of the fungal 
cell membrane, whereas flucytosine enters the cell via 
permease enzymes located on the surface and then exerts 
its effect by deamination to the antimetabolite 5-fluorou- 
racil, the use of both drugs simultaneously can produce a 
synergistic antifungal effect.:?:9:*51.5257 This effect seems 
to depend on an increased uptake of flucytosine into the 
cell that results from the greater membrane permeability 
induced by concurrent administration of amphotericin 
B.'*** Such greater-than-additive effects have been demon- 
strated in vitro with this combination of drugs.” Several 
recent clinical trials in both surgical” and nonsurgical??5*-: 
patients have shown that concurrent therapy with ampho- 
tericin B and flucytosine for cryptococcal infections was 
safe and improved the results as compared with standard 
single-drug therapy. Synergistic antifungal activity can 
also allow for adequate clinical responses to be achieved 


. With lower doses of both drugs, thereby minimizing their 


toxic side effects. There are no clinical series that evaluate 


the effectiveness of this drug regimen for noncryptococcal 


mycoses. However, numerous case reports have shown that 
such combination therapy can improve results in a variety 
of deep-seated mycoses, especially infections of vascular 
grafts or prosthetic cardiac valves caused by fungi that are 
resistant to flucytosine alone.'*' Augmented antifungal 
activity from concurrent exposure to amphotericin B and 
flucytosine may have been responsible for the rapid reso- 
lution of the Candida infection described earlier in case 3. 
Synergistic antifungal effects have also been demon- 
strated by combining amphotericin B with rifampin 
(rifampicin), tetracycline analogues, or several other 
agents that lack antifungal activity when given alone, but 
the clinical value of these combinations has not as yet been 
evaluated in any controlled clinical series. 

An important consideration during combination anti- 
fungal therapy is the possibility of synergistic toxicity. 
Since flucytosine is primarily cleared through the kidneys 
and the potential for nephrotoxicity from amphotericin B 
exists, dose-related toxic effects from flucytosine must be 
avoided by adjusting the dose via frequent determinations 
of creatinine clearance and drug levels in the serum.'2"°-* 
Possible synergistic marrow toxicity, via the same mecha- 
nism that allows for the synergistic antifungal effects with 
this drug combination, is a special consideration in patients 
with hematologic malignant neoplasms who may already 
have reduced marrow reserves.” 

The prevention of mycotic wound infections begins with 
meticulous surgical techniques and careful removal of 


devitalized tissues. However, because certain conditions 


and therapeutic regimens are known to predispose to 
invasive mycotic infections, prophylactic antifungal thera- 
py may have a role in the management of selected patients 
at high risk. Miconazole, a newer broad-spectrum antimy- 
cotic, may be especially useful for such patients because 
drug-induced resistance to it is extremely rare and it is 
remarkably free from toxic effects." Prophylactic oral 
miconazole was studied in a series* of 20 recipients of renal 
transplants, with increased risk of having fungal infec- 


834 Arch Surg—Vol 114, July 1979 


tions develop; fungal superinfection occurred in four of 12 
control patients receiving no antimycotie prophylaxis, 
whereas no such complication developed in the eight 
subjects given it. 

Prophylactic oral miconazole may also be useful in the 
prevention of the increase in enteric fungi that results 
from preoperative bowel preparations with oral antibiot- 
ies.^^ Alternatively, Stone and colleagues? showed that 
oral nystatin was effective in delaying the GI overgrowth 
by Candida associated with oral sulfonamides, systemic 
antibioties, or prolonged hospitalization of patients in burn 
or trauma units. Furthermore, they found that only one of 
85 such patients treated prophylactically with nystatin 
subsequently had Candida sepsis develop, in contrast to six 
of 78 controls who had documented candidemias develop, 
two of whom died of generalized candidiasis. 

Similarly, the incidence of pathogenic yeasts in open 
heart surgery patients has been shown to be reduced by 
preoperative and postoperative prophylactic treatment 
with nystatin tablets and amphotericin B lozerges.^ In 
this regard, an abbreviated course of IV amphotericin B 
has recently been advocated to prevent dissemination 
when a transient fungemia is likely to oceur in high-risk 
patients, such as when an infected IV catheter is removed.‘ 
Although isolation units may have prophylactic value for 
certain immunologically compromised patients and during 
some forms of intensive antineoplastic therapy, most 
groups with transplant patients have found no advantage 
in sterile rooms for their graft recipients.** 

Several experimental approaches have been evaluated in 
patients with life-threatening invasive mycoses. Trensfer 
factor has been reported to be a valuable adjunct im the 
treatment of certain deep-seated Cryptococcus and Candi- 
da infections.” Granulocyte transfusions have also been 
found beneficial in selected patients with invasive Candi- 
da and Aspergillus infections.'*^ However, the efficacy of 
transfer factor and granulocyte transfusion therapy is 
controversial, and many workers have been unable to show 
any clinical value of either treatment.'^ Levamisole, inter- 
feron-stimulating agents, and other biological reagents 
have not been found useful, and may even be counterther- 
apeutic' in the treatment of invasive mycotic infec- 
tions.'*^ 


CONCLUSION 


Wound infections caused by fungi are increasing in 
incidence and may pose serious diagnostic and therapeutic 
problems. The cases reported provide a basis for dealing 
with such problems. Particularly important are the follow- 
ing approaches: (1) recognition of the clinical settings that 
predispose to mycotic wound infections; (2) use o? certain 
more aggressive diagnostic approaches; and (3) the early 
institution of individualized surgical and medical thera- 
peutic programs. These principles, together with a number 
of recent advances in the prevention and treatment of 
invasive mycoses, may justify increased optimism in the 
management of fungal wound infections. 
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Nenproprietany Names and Trademarks of Drugs 


Amphetericin B—Fwngizone. 

Cephalethin sodium—Keflin. 

Daunenibicin hydroehloride—Cerubidine. 
Flucy:csine— A 2coboa. 

Gentamicin sul^ate—Garamycia. 

Lincomscin hycroch oride monehydrate—Lincocin. 
Sulfaciazine silver— 7F-100, Silvadene. 
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PAIN MANAGEMENT SYSTEM CONTROLS PAIN 
WITHOUT CLOUDING THE MIND. 
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ASA surgeon, yOu du that pain- EOS Cmm 
can often impede a patient's recovery from 
surgery...by reducing the responsiveness of the mind 
and body 
Many surgeons Fave solved this problem by using. 
. the Stimtech Pain Management System as a 
. Supplement to drugs in treating post-op pain. 

_ By using the proven technique of relieving pain 
through Postoperative Stimulation, you can reduce the 
drug intake of patients.’ So they'll be more alert and 
responsive to post-op treatment. That can often lead 
to an earlier release from the hospital. And Hymes, et 

al., demonstrated that incidences of postoperative 

2 complications (ileus, atelectasis) were reduced when 
using Postoperative Stimulation.^ 

.. The Stimtech Pain Management System is simple to 

administer. The system consists of a Stimtech stimulator, 

- lead wires and Stimflex™ sterile post-op electrodes. 


—... Hundreds of hospitals, clinics and medical profes- 
-sionals all over the country have proven the effective- 
- ness of Stimtech Pain Management Systems In 
-freating pain, 
— Now prove it to yourself. Call or write Stimtech today. 
. -We!ll arrange a 21-day trial of a Stimtech Pain Man- 
agement System at no expense or obligation to you. 


'im*ech, Inc, 9440 Science Center Drive. dec Minnesota 55428, (612) 535-0255 Telex: 290347 


"N ieummenod. lion for *he Contro of Postoperative Pain ande tuscie Spasm” Bo uios, ML et al, Current Concepts me vnoqernerr EAE Pain, Leroy P L.. Ed; Symposia Spe- 

2 "Escca Surface Stirnuiation for Treatment and Preveation of lleus and Ateiectasis, " Hymes. et ol., Surg Forum, Voi XXV 4 Caution: Federai Law (U S.A. ) restricts this 

Dy, cx ow the cler ct. a physician Wamings: For external use oniy. =NS devices c an affect the operation ofcardiac pacemakers no ot rec ommended for use by patients with known 

2ase comam wit mas. without paysicion evatuation Do not stimulot» the eye area. Do nct stimulate over the carotid sinus nerves. laryngeot or pharyngeal muscles. Do not allow chil- 

ep rcie e TE 5 cevicewihout adequate adult supervision. Avoid abrupt Manges of stimulator controls while operating dangerous machinery Contraindications: Absolute contraindica- 

tions ave been extabilieed. Precautions: Safety of stimulation has not beer established during pregnancy or delivery. Exercise caution when stimulating facial areas Do not stimulate eye 
area. St ECH + Shienaiote 5 exculd only be usec with electrodes and 1 OC COSC aries s provided by Stirmtech, inc, Use t the STIMTEC HAS Stir iictor only forthat pain problem for which it is prescribed, Tum 
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Maintenance of Home Hyperalimentation in 
Patients With High-Output Jejunostomies 


David Grischkan, MD; Ezra Steiger, MD; Victor Fazio, MD 


* We studied four patients with high-output end jejunostomies 
(>3,000 mL/day) who were receiving home hyperalimentation. 
With knowledge of urine and stoma output, standard total 
parenteral nutrition fluid was infused and titrated according to 
individual needs, first during the hospital stay and then on 
follow-up office visits. Mean daily stoma output for the group was 
3,556 mL/day. With oral fluid intake restricted to 1,500 mL/day, 
average daily stoma output dropped to 2,892 mL. The mean daily 
volume of nutrient fluid required to achieve stable biochemistries 
and weight was 3,550 mL. Daily caloric requirements ranged 
from 23 kcal/kg to 44 kcal/kg, with a mean of 32.5 kcal/kg. 
Amino acid requirements averaged 1.6 g/kg. With 65 patient 
months of continuous overnight catheter infusion, there have 
been no serious metabolic derangements or deaths. The 
program of home hyperalimentation can maintain a satisfactory 
metabolic state in patients with high-output jejunostomies. 

(Arch Surg 114:838-841, 1979) 


Ts hyperalimentation was first shown by 
Dudrick et al' to maintain positive nitrogen balance 
and support weight gain and growth in hospitalized 
patients. Using modifications of their techniques, Seribner 
et al; and Broviac et al, developed the concept of home 
hyperalimentation, or the artificial gut program. This 
system of total parenteral nutrition (TPN) allows patients 
at home to receive all their nutrients intravenously 
through a permanent central venous silicone rubber cathe- 
ter. : 

There are two broad categories of patients who have 
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benefited from the application of techniques of home 
hyperalimentation. These include patients who have 
normal mucosal absorption but inadequate bowel length 
and patients who have abnormal mucosal absorptive func- 
tion. Specific clinical conditions that have required the use 
of home hyperalimentation for maintenance of normal 
nutrition have included massive small-bowel resection for 
mesenteric thrombosis, volvulus of the small bowel, or 
multiple small-bowel resections; and severe inflammatory 
and infi trative bowel disease, including radiat on enteri- 
tis, regional enteritis, and collagen vascular dis2ase. 

The availability of home TPN has had a significant 
impact on surgical decisions relating to acute abdominal 
catastrophies necessitating massive small-bowe! resection. 
In the past, there was no value to massive resec-ion due to 
the inability to effectively deal with the subsecuent diar- 
rhea and malnutrition that would eventually lead to death. 
At present, home TPN not only provides an alte>native for 
these patients, but also allows for the resumption of 
relatively normal daytime activities. Of 24 patients receiv- 
ing home hyperalimentation, we describe our 2xperience 
with four who have had massive small-bowel resections 
with resultant high-output end jejunostomies (>3,000 mL/ 
day), thus posing more complex problems for successful 
fluid, electrolyte, and nutritional management. These 
patients demonstrate the principles of mznagement 
involvec in earing for patients with high-output stomas 
who require home TPN. 


TECHNIQUE 


Patients are entered into the home hyperalimentation program 
if they show progressive malnutrition and dehydratioa in spite of 
all attempts at supplemental nutritional support. After obtaining 
a preoperative subclavian venogram, the Broviac catheter is 
inserted in the operating room, with the end of the internal 
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Fig 1.—=ffect of restricting oral fluid intake to 1,500 mL/day on 
urine output. 


segmen- placed in the superior vena cava or right atrium, and the 
externa segment exiting through a subcutaneous tunnel medial to 
the nipple. Parenteral fluid volume requirements are estimated by 
adding :ejunostemy eutput plus 1,500 mL for urine output, plus 500 
mL fcr insensible water loss. This deterimines the total fluid 
volume required pe- day. From this amount is subtracted the 
average daily aral mtake so that the net result should be the 
volum» of paremterad fluid required per day to maintain normal 
fluid balance. If jejunostomy output is excessive, that is, greater 
than 31 /day, a reduetion in output can be successfully acaieved by 
limiting the patient’soral intake to 1,500 mL/day. In mos of these 
patients, imcreasing eral intake leads to an even further increase 
in jejurostomy output. While the 1,500-mL fluid limit s usually 
well tolerated ky mast patients, any more severe restrctions of 
fluid in-ake are usuzlly not well adhered to. 

Requ rements for 2lectrolytes are estimated by sending aliquots 
of urine and stoma output to the laboratory for electrolyte and 
minera determinations. With knowledge of daily voume and 
electrolyte losses, standard hyperalimentation fluid infusions of 3 
L/day ere started or a 24-hour basis through the Broviac catheter, 
and aporepriate adjustments in fluid composition are made to 
mainta n normal biechemistry levels. This is enough to maintain 
positive nitrogen belance and support weight gain in almost all 
patients. Parentera fluid requirements in excess of 3 L/day are 
usually given in tbe form of crystalloid solutions. Caloric and 
amine acid composi-ion of the infused fluid are those present in 
standard 25% dextrese and 4.25% amino acid solutions. 

When the patient’ clinical status and laboratory daca remain 
stable, the infusion time is decreased two hours each day until all 
fluids are given overnight in as short a period of time as possible. 
Blood slueose and -ractional urine determinations indicate how 
rapidly the fuxls can be infused. In most patients, 1 L of 25% 
dextrose solutien ezn be infused during a period of four hours if 
the gradual stepwise reduction in infusion time is follewed. This 
allows the patients to infuse all their fluids overnight and to be 
free te resume normal daytime activity. Assessing parenteral 
fluid requirements nvolves the following: 

1. Replacing daily measured urine and stool volume and elec- 

trolyte :osses. 
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Fig 2.—Self-perpetuating cycle of high-output jejunostomy. Cycle 
can be broken at two indicated sites. 











Table 1.—Typical Homegoing Daily Total Parenteral 
Nutrition Fluid Regimen 


Bottle No. 
—— 
1 2 3 4 
Dextrose 5096, mL 500 500 500 FRE 


Sterile H,O, mL 170 170 170.— E 


Crystalline Amino Acid Solu- 3 3 
tion, 8.5%, mL 
8 












i j 30 30 ee 
NaCl, mEq 50 50 | t AER 
KCI, mEq 30 30 ee 
KHPO,, mEq 10 10 1 |: epee 
Heparin, units 1,000 1,000 1,000 ras 
Trace elements, mL1 1 Yt aad £s 
MgSO,, mEq M 8.1 8.1 ei. 
Gluconate calcium, mEq 4.6 4.6 Mee 

5 M. es 


Multiple vitamin infusion, mL TR 
0.996 saline, mL 1,000 
500 mL of a parenteral fat emulsion one night per week 








=.. “ae 
H 


*Each milliliter of ZnSO, solution contains 3. mg of zinc. 
TEach milliliter of trace element solution contains: manganese, 2 mEq; 
copper, 1.6 mg; chromium, 2 mEq; selenium, 120 mEq. 


2. Restricting oral intake to 1,500 mL. | 

3. Maintaining urine output between 1,000 and 2,000 mL/2 

hr. 

4. Making adjustments to maintain normal biochemical 

results. 

5. Switehing to continuous overnight infusion when laboratory 

data are stable. 
A 500-mL lipid emulsion is routinely added to the weekly infusion 
schedule to prevent the essential fatty acid deficiency 
syndrome. 

Weight gain, serum albumin level, and clinical examination for 
hepatomegaly and clinical response are monitored to assess the 
adequacy of infused calories. Delayed hypersensitivity skin test- 
ing and serum albumin levels are used to determine the adequacy 
of amino acid infusions. A rising BUN value with a normal 
creatinine and urine output usually signifies that an excess of 
amino acids are being administered. More precise assessment of 
amino acid requirements can be determined by nitrogen balance 
studies; however, this was only done on occasion. The BUN, serum 
creatinine, urine output, weight changes, and serum electrolyte 
values are similarly used to monitor proper fluid balance. 

If excessive weight is gained or hepatomegaly develops from 
excess carbohydrate calories, either in the hospital or at monthly 
follow-up visits, the dextrose concentration in the hyperalimenta- 
tion fluid is reduced by substituting sterile water for part of the 
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Table 2.—Effects of Home Hyperalimentation Program 
on Fluid, Electrolyte, and Mineral Balance 









Volume of nutrient fluid required 3,550 mL 







Range 3,000-4,500 mL 
Daily Na requirements 182 mEq 
Daily K requirements 84 mEq 









Stoma output Na, 100 mEq/L; 
K, 9 mEq/L; 
Cl, 107 mEq/L 
Serum magnesium 2 mg/dL 
Normal range 1.6-2.3 mg/dL 


Serum zinc 73 ug/dL 
Normal range 55-150 ug/dL 











dextrose infused. A typical homegoing fluid regimen is given in 
Table 1. 

Patients are taught to heparinize their catheter, maintain the 
sterility of the catheter exit site, and to prepare their own fluids in 
the home. This is done through a team approach consisting of a 
physician, pharmacist, and hyperalimentation nurse. A volumetric 
infusion pump is used to insure accurate continuous overnight 
infusion rates at home. 

Once at home, patients carefully monitor and record daily 
weight, oral intake, and output. They report monthly to a clinic, at 
first, and then every six months if stable. Biochemical profiles are 
obtained weekly at the start and then monthly if stable. Adjust- 
ments in intravenous (IV) fluid composition and volume are made 
on these follow-up office visits independent of both stoma output 
and oral fluid intake, in order to maintain all the aforementioned 
parameters within normal limits. 


RESULTS 


The average daily stoma output for the four patients was 
9,906 mL prior to starting the home hyperalimentation 
program. The electrolyte content of the stoma discharge 
after start of home TPN is given in Table 3. These figures 
did not differ significantly from prehome TPN stoma 
output concentrations. 

The average daily requirement for sodium and potas- 
sium was 182 mEq and 84 mEq, respectively. The mean 
serum magnesium value was 2.0 mg/dL (normal, 1.6 to 2.3 
mg/dL), and the serum zinc level was 73 ug /dL (normal, 55 
to 150 ug/dL) measured 30 days or more after start of the 
home hyperalimentation program (Table 2). 

The mean volume of nutrient fluid required to achieve 
stable levels of BUN, creatinine, serum electrolytes, and 
body weight in the hospital was 3,550 mL, with a range of 
9.0 to 4.5 L. At this point, the mean BUN value was 36 
mg/dL, and the creatinine level was 1.1 mg/dL, which did 
not differ significantly from prehome TPN values (Table 
3). 

Figure 1 shows the effect of restricted oral intake on 
stoma and urine output for each patient. With oral fluid 
intake limited to 1,500 mL, the mean stoma output was 
2,892 mL compared with 3,734 mL with intake greater than 
1,500 mL. Urine output in both cases showed no significant 
change at about 1,600 mL/day. Thus, restricted oral intake 
decreased stoma runoff without compromising urine 
output. | 

The average value for serum total protein was 7.2 g/dL 
(normal, 6 to 8 g/dL), while the albumin level was 3.9 g/dL 
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Table 3.—Stable Renal Function in the Home Total 
Parenteral Nutrition Program 





Table 4.—Intravenous (IV) Fluid Requirements 


Patient 


Total volume 4,500 
Daily IV calories, kcal 1,500 2,400 1,300 3,260 

Daily IV amino acids, g 60.0 127.5 127.5 85.0 
Weight kg 65.0 54.5 54.0 82.0 


3,000 4,500 4,300 


Amino acid, g/kg 0.92 2.3 2.3 1.0 


table 5.—Duration of Home Hyperalimentation 


Broviac Catheter 
Pasent Insertion Duration, mo 


1 Feb 1976 22.0 


3 June 1977 6.5 
Jan 1976 23.0 
Oct 1976 14.0 


(normal, 3.5 to 5.0 g/dL) and the calcium level was 10.1 
mg/dL (1ormal, 9 to 11 mg/dL). These figures did not 
differ significantly from stable values prior to the start of 
the home hyperalimentation program. Similarly, serum 
cholesterel, total bilirubin, alkaline phosphatase, SGOT, 
and LDH values showed no significant change. 

Nonprctein calorie needs ranged from 1,300 to 3,260 
calories p2r day, with a mean of 2,115 calories. Expressed in 
terms of body weight, daily caloric requirements ranged 
from 23 k-al/kg to 44 kcal/kg, with a mean of 32.5 keal/kg. 
Daily am no acid requirements averaged 1.6 g/kg, with a 
range of ).92 g/kg to 2.3 g/kg (Table 4). 

There were no deaths directly related to catheter inser- 
tion or lor g-term infusion. Follow-up time has rangec from 
five to 22 months, a total of 64 patient months of home 
TPN. During this time, only two hospitalizations for a total 
of one mcnth were required for catheter-related problems 
(Table 5). In one patient, sepsis due to faulty technique in 
fluid preparation occurred, necessitating a change of the 
Broviac catheter. Skin exit site catheter infection occurred 
in the other patient and promptly responded to antibioties 
for systenic effect. 

All patents gained weight, an average of 8 kg, and 
furthermere, reduction of infused carbohydrate calories 
was required in three of the four patients after four to six 
months of therapy. All four patients were socially rehabil- 
itated anc were able to carry on normal activities at home. 
The three housewives resumed their usual routine house- 
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work and were able to care for their families without 
outside assistance. The other patient was even able to 
return $9 work on a part-time basis. 


COMMENT 


The concept of an “artificial gut system" was first 
introduced by Scrikmer et al in 1970.* Borrowing from their 
experiemce with a-teriovenous (AV) shunts for mainte- 
nance hemodialysis, they used an external silicone rubber 
(Silastic) AV shunt to achieve circulatory access for hyper- 
tonic nutrient infusion. While this proved promising at 
first, patients with chronic intestinal disorders had a 
tendency to experience clots in their shunts. In 17 attempts 
to create AV fistules, only two were successful.’ This led to 
the development o: a Dacron cuffed silicone rubber cathe- 
ter designed to be i aserted into the right atrium and to exit 
through a long subcutaneous tunnel down the anterior 
chest well. The external portion is fitted with a cap, and the 
line is heparinized when not in use. 

In 1973, Broviac et al’ initially reported a suecessful 
experiemce with 22 silicone rubber catheter insertions in 18 
patients in the horre TPN program.? There were no deaths 
directly related tc catheter insertion or infusion.‘ The 
infection rate for tais group was one episode for every 2.5 
patient years of exposure. 

In a subsequent report, they reviewed experience with 78 
catheter insertions in 43 patients.’ Infectious complications 
were further reduced to one episode for every 5.5 patient 
years. Again, no patient died as a direct result of this 
treatment modality. Similar successful experienee with 
home TPN has been reported by Bordos and Cameron, 
Solassol et al* Langer et al;* and Jeejeebhoy et al.” 

Patients with high-output stoma present special prob- 
lems in fluid mamagement. Oral fluid intake im these 
patiente is limited to 1,500 mL/day to prevent the vicious 
cycle of increasing stoma output causing thirst, which in 
turn leeds to increased oral fluid intake and subsequent 


increased stoma runoff. The cycle is broken by increasing - 


IV fiuics to juencn thirst and restricting oral intake to 
decrease stoma output (Fig 2). 

With such ‘uid restrictions, stoma output im these 
patients was decreased by 239. The mechanism of 
increased stoma ovtput resulting from increased oral fluid 
intake 5 probably related in part to an osmotic cathartic 
effect of the cral sodium intake. Kramer," in his studies on 
patients with ileostomies, noted a limited ability of the 


small bowel tc comserve sodium. Furthermore, he found 


levels as smal as 9 mEq to have an osmotic cathartic effect 
in this group, so that reduction in oral fluid intake is 
essentiel] to decrease stoma runoff. Renal function as 
measured by levels of serum BUN and creatinine and urine 
output showed no significant reduction with restricted 
fluid in-ake. 

An average of £25 kcal/kg/day and 1.6 g of protein/ 
kg/day was required to maintain good nutritional status as 
measured by normal serum albumin levels, maintenance of 
weight gained, amd good subjective feeling. This agrees 
closely with she firdings of Jeejeebhoy et al.'^ Based on a 
series of 12 patien s receiving home TPN for four months 
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to four years, their data suggested that 32 keal/kg and 1.1 


g of protein/kg were required to maintain ideal body 
weight. Furthermore, their use of a lipid solution permit- 
ted a reduction in glucose concentration, reversed the fatty 
changes in the liver involving centrilobular and midzonal 
hepatocytes, and prevented the clinical signs of the fatty 
acid deficiency syndrome. '®-!? 

Our patients receive only one 500-mL bottle of a lipid 
emulsion per week and have shown no manifestations of 
the essential fatty acid deficiency syndrome. Reports by 
Richardson and Sgoutas,'* Fleming et al, and O'Neill et 
al'^ have indicated that this entity can be prevented with 
lipid solutions supplying 2% to 4% of intravenous calories as 
linoleic acid. While we have not studied the lipid profiles of 
our patients, we suspect that the limited dietary absorption 
of fat, along with the weekly intralipid infusion, is suffi- 
cient to prevent this syndrome, thus negating the need for 
more frequent lipid infusion. 

Our data further document that prolonged and useful 
life without an effective gastrointestinal tract, even in the 
presence of a high-output jejunostomy, is possible through 
a program of home TPN. Patients can maintain a satisfac- 
tory fluid balance and nutritional state on an eight- to 
12-hour overnight infusion schedule with restriction of oral 
intake to 1,500 mL/day. Without home TPN, the only 
alternative for these patients is permanent placement in a 
hospital environment with virtually little hope for rehabil- 
itation to a useful and purposeful life. 
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urinary retention, — 


the advantages of the 
catheter must be 
weighed against its 
potential dangers. 





Catheterization to correct acute 
urinary retention is often manda- 
tory. However, in other situations - 
its benefits should be weighed 
against the trauma and discomfort 
it'can cause and the fact that 
infection following a single 
catheterization is a possibility. 
Moreover, the incidence rises 


nj . 


dramatically after an indwelling 
catheter has been in place for 96 
hours, even with a closed sterile 
system. - 

Incidence of Infection 
Following Catheterization 
Single Catheterization 

1% to 2% © 
Indwelling Catheterization 
approaching 30% to 50% 
at 96 hours 
Injection URECHOLINE (Bethane- 
chol Chloride, MSD) is for 
subcutaneous use only. If it is given 
intramuscularly or intravenously, 
violent symptoms of cholinergic 
overstimulation, such as circula- 
tory collapse, fall in blood pressure, 
abdominal cramps, bloody diar- 
rhea, shock, or sudden cardiac 
arrest are likely to occur. 


Although rare, these symptoms 
have occurred after subcutaneous 
injection and may occur in cases 
of hypersensitivity or overdosage. 


Atropine is a specific antidote. 

A syringe containing a dose, for 
adults, of 0.6 mg (1/100 grain) 
atropine sulfate should always be 
available to treat symptoms of 
toxicity. Use proportionately 
smaller amounts for children. 
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Diagnostic Errors With Peritoneal Lavage 


in Patients With Pelvic Fractures 


Steve G. Hubbard, MD; Brack A. Bivins, MD; Charles R. Sachatello, MD; Ward O. Griffen, Jr, MD, PhD 


e Diagnostic peritoneal lavage, considered to be a highly 
accurate technique for detecting intraperitoneal blood in the 
trauma patient, may be less reliable in the presence of a pelvic 
fracture. In a retrospective review of 222 patients with pelvic 
fractures, 61 patients were found who had had a diagnostic 
peritoneal lavage performed as part of the initial evaluation of 
their condition. Twenty-six of these patients had had a negative 
lavage result. There had been no false-negative results in this 
group, although six patients required operations for extraperito- 
neal injuries. Of the 35 patients with a positive lavage result, 10 
(2996) were found to have false-positive lavage results with no 
intraperitoneal source of bleeding. The only deaths in this series 
occurred in the group requiring operations, eight of 41 (2096). 
Four of the eight deaths were due to uncontrollable bleeding that 
resulted from exploration of the retroperitoneal hematoma. 
These data suggest that a negative lavage result is highly reliable 
in the patient with a pelvic fracture and should allow manage- 
ment with confidence that there is no severe intraperitoneal 
injury. Positive lavage results, however, must be interpreted with 
caution. 

(Arch Surg 114:844-846, 1979) 


yen peritoneal lavage is a safe, accurate, and 

rapid means of establishing the presence of intraper- 
itoneal blood in the patient who has sustained an abdomi- 
nal trauma. The reported accuracy of this diagnostic 
technique ranges from 90% to 98.8%.'-° In previous prospec- 
tive studies from our institution (University of Kentucky 
Medical Center, Lexington) that compared the accuracy of 
diagnostie peritoneal lavage with that of the initial clinieal 
examination, diagnostie peritoneal lavage was found to 
have an accuracy of 90%, with one false-negative, ten 
false-positive, and three indeterminate lavage results.'* Of 
particular interest was the finding that 60% of the false- 
positive lavage results occurred in patients with pelvie 
fractures.” This observation led to a retrospective review of 
patients with pelvic fractures to determine the accuracy of 
diagnostic peritoneal lavage in these patients. 


MATERIALS AND METHODS 


Between July 1, 1972 and June 30, 1977, 222 patients with pelvic 
fractures were admitted to our institution. Injuries in 161 patients 
were thought to be clearly defined and those patients were treated 
without lavage (Fig 1). The remaining 61 patients had multiple 


injuries or were unconscious and had a diagnostic peritoneal 


lavage performed as part of their initial evaluation. This latter 
group forms the basis for this report. 
These 61 patients varied in age from 2to 74 years. There were 43 
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men and 18 women. Sixty patients (98%) had serious injuries of 
two or more organ systems and 50 (82%) had multip e fractures. 
Twenty-six patients (48%) had severe head injuries manifested by 
a depressed level of consciousness. 

Motor-vehicle accidents constituted the mechanism of imjury in 
46 patients (75%) and vehicle-pedestrian accidents in another 
seven. Two patients were injured in tractor accidents, two in 
tornados. four in falls from cliffs or bridges, and one in a mining 
accident. 

Diagnostic peritoneal lavage was carried out by p2rcctaneous 
puneture. a modifieation of the method of Root previously 
reported from our institution.** A lavage was considered adequate 
for diagnosis when either 20% of the fluid had returned or when 
unequivocally gross blood was recovered. The lavage result was 
considered positive when the fluid was grossly bloody or had a 
hematocrit level greater than 1%. The lavage result was eoasidered 
negative when the fluid return was either crystal clear er had a 
hematocrit level of less than 1%. 

The results of diagnostic peritoneal lavage in this group of 
patients were classified as follows: (1) true-positive where there 
was a positive lavage result that was associated with an intraper- 
itoneal cause of bleeding found during operation; (2) false-positive 
where there was a positive lavage result with no intraperitoneal 
cause of bleeding found during operation; (3) true-negative where 
there was a negative lavage result with patient recovery without 
evidence of intraperitoneal injury; and (4) false-negative where 
there was a negative lavage result with severe intraperitoneal 
injury found during operation or at autopsy. 


RESULTS 


There were 26 patients (48%) in whom the diagnostic 
peritoneal lavage result was negative (Fig 1). S.x cf these 
patients with severe extraperitoneal injuries anderwent 
operative procedures, such as drainage of an extraperito- 
neal rupture of the bladder or diversion of the fecal stream 
in the presence of severe perineal lacerations. There were 
two deaths in this group due to bleeding from Fematomas 
entered during operation, which in one case vas for 
bladder drainage and in the other was for colonic diver- 
sion. 

There were 25 patients (41.9%) in whom the diagnostic 
peritoneal lavage result was positive; they anderwent 
abdominal exploratory operations with positive results, 
that is, discovery of ruptured spleen or liver er torn 
mesenteric vessels (Fig 1). None of the three dezths in this 
group were attributed to bleeding at the time of operation. 
Includec in this group are two patients who were noted to 
have very small eapsular tears of the liver and who 
probably represent unnecessary operations in spite of an 
identifiable source of intraperitoneal bleeding. 

An additional ten patients had positive diagnostic peri- 
toneal lzvage results and abdominal exploratory operations 
that hac totally negative results with the exception of the 
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222 Patients 
With Pelvic 
Fractures 


161 Patients 
Managed Without 
Diagnostic Peritoneal Lavage 


35 Patients With 
Positive Lavage Result 


25 Patients Operated on and 10 Patients Operated on and 


No intra-abdominal Injury Found 


Intra-abdominal Injury Found 


(True-Positive) (False-Positive) 





Fig 1.—Results of diagnostic peritoneal lavage in 61 out of 222 patients with pelvic fractures seen 
over five-year period. Six of 26 pa'ients with negative lavage result were operated on for 
exrraperitoneal injuries and two died from uncontrollable bleeding from hematomas opened during 
operation. Of 35 patients with positive lavage result, intra-abdominal injury was discovered during 
operation in 25, of whom three died, none from bleeding; of remaining ten, three died, two from 
urcontrollable bleeding from pelvic hematoma opened during operation. 


expected retroperitoneal hematoma (Fig 1). In each case, 
the false-positive diagnostic peritoneal lavage result was 
attributed to placement of the dialysis trocar through an 
extraperitoneal herzatoma that had dissected anteriorly to 
the midline. One ef these ten patients had a negative 
diagnostic peritoneal lavage result on admission but subse- 
quently underwent exploratory operation with negative 
results on the bass of a positive diagnostic peritoneal 
lavage result obtamed 24 hours later. Two of the three 
deaths in this groug were due to bleeding from hematomas 
entered during operation. 

In this group cf 61 patients with pelvic frectures, 
diagnostic peritone al lavage results correctly distinguished 
the presence or absence of intraperitoneal bleedinz in 51 
patients (88.6%). There were no false-negative lavage 
results in this group. The ten patients with false-positive 
lavage results made up 16.4% of the total study groap who 
underwent lavage and 28.4% of those patients with a 
positive lavage resalt. These results are summarized in 
Fig 1. 


COMMENT 


The major impetas for the use of diagnostic peritoneal 
lavage has been th* proved accuracy of this techn que in 
detecting intraperi-oneal bleeding. Total reliance oa diag- 
nostic peritoneal la-age should be discouraged since false- 
negative and false-positive results do occur. This study of 
patients with pelvic fractures identifies one group of 
trauma patients in whom a positive diagnostic peritoneal 
lavage result may be less reliable than previous reports 
would indicate Urfortunately, the patient with a pelvic 
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fracture is likely to have a major intra-abdominal injury, as 
was seen in 39% of the cases in this series. The incidence of 
multiple-system trauma associated with pelvic fracture 
(98% in this series) makes the clinical examination of the 
abdomen in these patients notoriously unreliable. Under 
these circumstances, diagnostic peritoneal lavage with an 
overall accuracy in this series of 83.6% may be very 
helpful. 

Both in trauma patients in general and in fracture 
patients in particular, false-negative lavage results are 
quite rare. The reliability of a negative lavage result should 
reduce the necessity for diagnostic exploratory surgery. In 
our patients with pelvic fracture who underwent diagnos- 
tic peritoneal lavage, there were no false-negative results. 
The reported incidence of false-negative lavage results 
when all patients with abdominal trauma are considered is 
approximately 1575." So it seems that a negative lavage 
result in a patient with a pelvie fracture is strong evidence 
against the possibility of a major intraperitoneal injury. 

The incidence of false-positive lavage results in trauma 
patients in general is slightly higher than that of false- 
negative lavage results.'* In our experience, the incidence 
of false-positive lavage results is 7% when all patients with 
abdominal trauma are considered.'* In our patients with 
pelvie fraeture, the incidence of false-positive results is 
16.4%, which makes up 28.4% of the total number of 
positive lavage results in the series. 

The results of this study suggest that a false-positive 
lavage result leads to unnecessary exploratory surgery in 
the patient with a pelvic fracture. Unfortunately, this error 
may be compounded when inexperienced surgeons explore 


Peritoneal Lavage—Hubbard et al 845 








Type | Pelvic 


. Fig 2.—Anterior and posterior dissection of extraperitoneal hema- 
toma expected with type | pelvic fracture. 


stable pelvic hematomas. Opening a pelvic hematoma in 
the absence of specific indications led to two deaths in this 
series. The overall mortality among our patients was 13%, 
which compares favorably with the 9% to 25% mortality 
reported.^ However, when only the patients who under- 
went abdominal operation are considered, the mortality 
rises to 20% and in the ten patients with unnecessary 
exploratory surgery, the mortality was 30%. Four of the 
deaths in this series were due to uncontrolled bleeding, 
clearly indicating the risk of exploring the extraperitoneal 
hematoma in these patients. 

The causes of false-positive lavage results in patients 
with pelvic fractures seem to be related to three factors: (1) 
time, (2) technique, and (8) interpretation. The period of 
time from injury to the performance of diagnostic perito- 
neal lavage is important because the retroperitoneal hema- 
toma associated with a pelvic fracture may dissect anteri- 
orly (Fig 2). In addition, over time sufficient RBCs may 
pass into the peritoneal cavity by diapedesis from the 
retroperitoneal hematoma and thus cause a false-positive 
result. Technique is important, since both the cutdown 
technique described by Root et al’ and our percutaneous 
technique“ are routinely carried out through the infraum- 
bilical midline and may result in bloody dialysate from the 
anterior hematoma rather than from the peritoneal cavity. 
Interpretation of positive results using the criteria devel- 
oped from study of trauma patients in general may not be 
appropriate for the patient with a pelvic fracture, since 
there seems to be an appreciable risk of false-positive 
results. 

Some modification in the technique of diagnostic peri- 
toneal lavage may be useful in increasing the utility of this 
procedure in patients with pelvic fractures. Diagnostic 
peritoneal lavage, when indicated, should be carried out as 
soon after injury as is practical because the hematoma 
rarely dissects far enough anteriorly and superiorly within 
the first few hours to cause a false-positive result. Patients 
with unstable conditions seen more than a few hours after 
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injury should have lavage performed by the cutdown 
technique, with entry into the peritoneum performed 
under direct vision through the supraumbilical midline, 
since superior dissection of the pelvic hematoma is normal- 
ly limited by the umbilieus."'' This techniqu» requires 
incision of the linea alba performed under direct vision; 
then, the eut edges are grasped with hemostats so that the 
fascia and peritoneum are elevated. This permi:s viewing 
of the peritoneum at the time of catheter insert on so that 
unrecognized entry into a retroperitoneal hematoma may 
be avoided.*'' Should the lavage result be negative, care of 
the patient ean proceed with a high degree of confidence 
that there is no severe intraperitoneal injury. 

If the result of the lavage is positive and th» patient's 
condition ean be stabilized, other diagnostic maneuvers, 
such as liver-spleen scans or arteriography, mzy be indi- 
cated. Arteriography is an attractive alternative in the 
management of pelvic fractures since, as outlined by Maull 
and Sachatello, it may be both diagnostic and therapeutic. 
Major irtra-abdominal bleeding sites such as liver, spleen, 
and vascular injuries can be identified so that prompt 
operative intervention can be used. Pelvie bleeding from 
branches of the hypogastric artery can be managed by clot 
embolization or selective infusion of vasopressin injection 
(Pitressm) under angiographic control. Venous bleeding 
seen in this circumstance will usually respond to tampon- 
ade by the intact retroperitoneum. 

There is little doubt that the use of diagnostic peritoneal 
lavage represents a major advance in the management of 
patients with abdominal trauma. The extraordiaary relia- 
bility of a negative lavage result facilitates triage by 
reducing both the number of unnecessary operations and 
the delay in needed procedures for other injuries due to 
diagnostic dilemmas. True-positive lavage results aid early 
performance of appropriate exploratory ope-ations in 
patients with important intraperitoneal injuries. Careful 
studies of specific injuries such as pelvic fractures may 
allow modifications in the timing of lavage, the technique 
used, and the interpretation of the results obtained so that 
further improvements in management can be achieved. 
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Cardiopulmonary Bypass in 


Anesthetic Management of Resection 


Its Use for Severe Tracheal Stenosis 


Donalé L. Bricker, MD; Thomas M. Parker, MD; Martim L. Dalton, Jr, MD 


e On initia! evaluation, two patients were found to be in severe 
respiratory distress from tracheal obstruction. One patient had 
late obstruction after a crushing injury to the chest, whereas the 
other had subtotal tracheal obstruction from a carcinoid adeno- 
ma. in each case, the state of the patient seemed tc preclude 
safe anesthetic incuction with an endotracheal tube es the sole 
means ef cxygerating the patient. Partial cardiopulmonary 
bypass provided am adjunct to ensure adequate oxygenation for 
tracheal resection. Consideration for the use of this technique is 
recommended in similar circumstances. 

(Arch Surg 114:247-849, 1979) 


qr resection is ordinarily performed as am elective 
cperative procedure. Seldom is the patient's condition 
allowed to progress to severe respiratory distress before 
surgical intervertion. In the cases to be presented, the use 
of cardiopulmonary bypass is illustrated in the manage- 
mert of tracheal stenosis with extreme respiratory embar- 
rassment. In these two patients in extremis, 2mergent 
tracheal resection was necessary and anesthetic manage- 
mert br usual m2ans was not thought feasible. The results 
obtained sagges that this approach provides a possible 
solution to the problem. 


REPORT OF CASES 


Case 1.—A 54-year-old man was referred to Methodist Hospital, 
Lubbock, Tex. Hie condition was diagnosed as tracheal stenosis 
and respiratory insufficiency. He had been involved in an automo- 
bile aseiden= four months previously in which he sustained blunt 
trauma to the ehes- that was complicated by flail chest, pulmonary 
contusion, and myocardial contusion. Numerous pelvic fractures 





Accepted fer publmation Oct 25, 1978. 

From the Me*hodist Hospital, and the Division of Cardiovascalar Surgery, 
Texas Tech Un:vers-y School of Medicine, Lubbock, Tex. 

Reprint requests t 3420 22nd Pl, Lubbock, TX 79410 (Dr Bricker). 


Arch Surg—Vol 1° 4, July 1979 


were present as well. Treatment of the pulmonary contusion and 
flail chest at another hospital required the use of a volume 
ventilator for a total of 29 days, during which time the patient was 
managed with an endotracheal tube, not receiving a tracheostomy. 
The cardiae and pulmonary contusions resolved, but hospitaliza- 
tion was required for almost three months. Almost ready for 
discharge, the patient noted stridor and progressive dyspnea. He 
was transferred to Methodist Hospital with respiratory distress. It 
was thought that emergency measures were indicated. 

On physieal examination, he had obvious respiratory distress, 
with loud inspiratory stridor and noticeable anxiety. The blood 
pressure was 160/90 mm Hg. The pulse rate was 72 beats per 
minute. Head and neck examination was normal but for an 
exaggerated use of the accessory muscles of respiration. Expirato- 
ry and inspiratory wheezes were easily auscultated over the 
cervical area. The lungs were clear. The heart sounds were normal. 
There was no cardiac enlargement. The abdomen was soft and 
nontender, without palpable organs or masses. There was external 
rotation of the right lower extremity with shortening. A chest 
roentgenogram showed no active pulmonary disease. Tomograms 
indicated a severe stricture of the trachea, 3 em below the thoracic 
outlet with an orificial diameter of 2 to 3 mm (Fig 1). An ECG 
showed diffuse nonspecifie ST-T-wave changes. Arterial blood 
gases on oxygen mask were as follows: pH, 7.45; Pco., 38 mm Hg; 
and Po., 62 mm Hg. 

The patient's condition was evaluated expeditiously. Oxygen by 
mask did not relieve his respiratory difficulty. He was taken to the 
operating room with increasing stridor and clinical deterioration. 
At operation, the patient was first heparinized. The femoral 
artery and vein were cannulated for partial cardiopulmonary 
bypass, using only local anesthesia. Satisfactory bypass flow rates 
were established and the patient's anxiety diminished. Initial 
arterial gases were as follows: pH, 7.43; Pco,, 48 mm Hg; Po., 97 
mm Hg. With persistence of these relative values, induction of 
anesthesia was carried out with intravenous thiopental sodium, 
morphine, and muscle relaxants. Bypass flows were in excess of 35 
mL/kg/min and no attempt was made to intubate the stenosed 
trachea. A median sternotomy incision was made and extended 
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Fig 1.—Tomogram showing nearly complete obliteration of 
tracheal lumen. 


into the neck. Dissection of the trachea was begun at the thyroid 
cartilage and the trachea was mobilized to the level of the eighth 
and ninth tracheal rings, where severe distortion was encountered. 
It was obvious at this time that the patient had fractured the 
tracheal cartilages in this area, rather than having an internal 
stricture secondary to chronic endotracheal intubation. The area of 
distortion was isolated and mobilized. Dissection was carried to 
the carina 2 em distal to the obstruction. The main-stem bronchus 
on each side was mobilized without entering either pleural cavity. 
With good exposure and the trachea adequately mobilized, the 
area of stenosis was excised, encompassing four tracheal rings. A 
sterile endotracheal tube was then brought into the operative field 
and introduced into the distal trachea, and the lungs were 
ventilated for the first time since induction of anesthesia. The 
resected tracheal segment is shown in Fig 2. Arterial gases had 
remained adequate. The two ends of the normal trachea were 
anastomosed using 3-0 polypropylene interrupted sutures. Cardio- 
pulmonary bypass was discontinued after the anastomosis was 
complete and a nasal endotracheal tube had been inserted. 

Postoperatively, the patient recovered uneventfully and was 
extubated with adequate arterial blood gases six hours after 
completion of the operative procedure. A total of 1,000 mL of blood 
was used during the procedure and the postoperative period. 
Immediately after extubation, he noted improvement in his ability 
to breathe and was surprised at his improved ability to speak. The 
administration of digitoxin controlled an episode of supraventric- 
ular tachycardia on the first night after surgery. There were no 
other cardiac difficulties. The remainder of the postoperative 
course was uneventful. The patient was observed in the intensive 
care unit for three days and then returned to a surgical ward. He 
was discharged on the tenth postoperative day. He has remained 
well without further respiratory difficulties. 

CasE 2.—A 68-year-old woman was admitted to the Methodist 
Hospital because of chronic cough. One month prior to admission, a 
dry, unremitting cough developed that became associated with 
progressive shortness of breath and low-grade fever. She had been 
in good health, except for mild essential hypertension. Results of 
physical examination showed normal vital signs and no abnormal- 
ities, but for rhonchi over the left anterior chest. On laboratory 
evaluation, hemogram and urinalysis were normal. A chest roent- 
genogram showed no active pulmonary disease. Tracheal lamina- 
grams disclosed a polypoid tumor mass within the tracheal lumen 
at the thoracic inlet, producing virtually complete obstruction of 
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Fig 2.—Resected tracheal 
segment showing subtotal 
occlusion within distorted 
tracheal =gment. 


Fig 3.—Resected specimen 
showing carcinoid adenoma 
subtotally obstructing  tra- 
cheal lumen. 


the trachea. An ECG was normal. The patient was initially treated 
with gene-al supportive measures and then underwent bronchos- 
copy by aaother physician with biopsy of the obstructing mass. 
The initia impression on histologic examination was that of a 
small cell carcinoma of the trachea. Cobalt irradiation therapy 
was, there“ore, initiated without relief over a two-week interval. 
The patiert suffered increasing stridor, choking spells, and at the 
time of consultation with the authors was only semiconscious and 
in extrems. It was obvious that tracheostomy was not possible 
because of the location of the neoplasm. No blood gases were 
obtained. She was taken immediately to the operating room. The 
patient was not in a condition to tolerate an unsuccessful attempt 
at intubatson through the obstruction. Therefore, partial eardio- 
pulmonary bypass from the femoral vein to the femoral artery was 
initiated uader local anesthesia. With noticeable improvement in 
oxygenaticn (ie, Po, 118 mm Hg), the induction of general 
anesthesia was accomplished with only intravenous medications. 
Tracheal reseetion and reconstruction were accomplished through 
a median sternotomy incision. After resection of the tumor and 
anastomoss of the trachea, endotracheal intubation, and ventila- 
tion allowed discontinuation of cardiopulmonary bypass. The 
histologic review of the complete specimen showed the tumor to be 
carcinoid adenoma. The resected tracheal segment is shown in Fig 
3. Postoperatively, the patient was extubated the following morn- 
ing and maintained normal arterial blood gas levels with sponta- 
neous vent#ation. No blood was used during or after the eperation. 
Her recove-y was slow but uncomplicated, and she was discharged 
on her 15th postoperative day. Unfortunately, one month after 
discharge, n a setting of continued improvement, she had the 
sudden onset of extreme shortness of breath, was readmitted to 
the hospital and died. A postmortem examination disclosed a 
massive pu monary embolus. 


COMMENT 


The management of tracheal stenosis has been well 
outlined ia the comprehensive works of Grillo,'-* Naef,>’ 
Mathes et al,’ and Attar et al.* These authors with exten- 
sive exper ence did not require the use of cardiopulmonary 
bypass for tracheal resection. Grillo, in his precise outline 
of technique, describes dilation of the stenosis with less 
than 5 mn in diameter and passage of rigid endoscopic 
instrumen-s or small endotracheal tubes to maintain an 
airway during anesthetic induction. In the two patients 
under consideration, it was feared that any manipulation 
in these enxious, hypoxic individuals would precipitate 
increased oxygen consumption leading to further hypoxia 
and proba »le cardiac arrest. 
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The first use of extracorporeal circulation for tracheo- 
bronchial resection was performed by Woods et al.* Adkins 
and Izawa” descr bed a case very similar to our case 2, in 
which eardiopalmsnary bypass was used, while Neville et 
al- have made more extensive use of the techniqze. In all 
of the previous case reports, however, it was possible to 
induce general aresthesia by endotracheal techniques. In 
this report, we are not concerned with the use of cerdiopul- 
monary bypass t» allow extensive resection beeause of 
widespread involvement, for the obstructing segment of 
trachea involved n each of these cases would ordinarily 
have been readily accessible to ordinary management. 
Instead, we were concerned about adequate oxygenation of 
the patient tc allow the safe induction of anesthesia. We 
did not believe that dilation or instrumentation would be 
successful. Tracheostomy was anatomically not feasible 
and general anesthesia with mask ventilation wes incon- 
ceivable. In consilering the cases individually, it is of 
interest that an error in histologic diagnosis delayed 
surgical treatmen: in case 2, since it was assumed that the 
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patient had a neoplasm not subject to surgical cure and 
would respond to irradiation. Only when the patient was 
moribund, did the family request additional consultation. 
In case 1, we presumed that the lesion would be an ` 
endotracheal proliferation of scar and granulation tissue. 
We believe these strictures are virtually always amenable 
to dilation. To our surprise, a fracture of the trachea was 
encountered with rigid distortion of the tracheal lumen. It 
is our opinion that the stricture could not have been dilated 
successfully and that efforts in this direction would have 
failed. | 

At the current state of the art, the use of cardiopulmo- 
nary bypass should no longer be considered as increasing 
the possibility of morbidity in a patient. Heparinization 
did not cause a problem in either patient. This was 
considered a potential hazard. However, the simplicity, 
ease of application, and increased safety of this technique 
should recommend its consideration when circumstances 
similar to those presented are encountered. 
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The frequent use of extracorporeal circulation for cardiac and 
coronary artery reconstruction has resulted in equipment and 
techniques that are quite safe. One cannot minimize, however, 
even with an extremely low incidence of complicat.ons, the 
hazards of heparinization, vascular entry, and the mixing of air 
with blood. When the advantages of using extracorporeal circula- 


tion clearly outweigh these risks, it is reasonable to use the 


technique and there will be an increasing number of preblems in 
which respiratory or circulatory substitution, total or partial, can 
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4 Invited Editorial Comment 


be benefited by extracorporeal circulation. The treatment of 


difficult tracheal problems is an example. One has to beware, 
however, of designing a problem just because a solution is 


available. It would be unwise to use extracorporeal circulation in 
circumstances where more simple mechanical measures would 


serve just as well. 
| VALLEE L. WiLLMAN, MD 
St Louis 
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Should the Ruptured Renal 


Allograft Be Removed? 


Peter Dryburgh, MD; Kendrick A. Porter, MD; Ruud A. F. Krom, MD; Kazuharu Uchida, MD; 
John C. West, MD; Richard Weil III, MD; Thomas E. Starzl, MD, PhD 


e During a 16-month period when 93 renal transplants were 
performed, eight kidney graft ruptures were detected within 18 
days of transplantation, without evidence of venous obstruction. 
Six grafts were removed at the time of an exploratory operation 
for rupture and only one showed signs of probable irreversible 
rejection when examined by microscopy. Two graft ruptures 
were repaired and one of these grafts has had good long-term 
function 22 months later. These observations suggest that if 
bleeding at the site of graft rupture can be securely controlled 
and if the conditions of the patient and of the graft are favorable 
except for the rupture, it may be possible to save more than one 
of eight grafts. 

(Arch Surg 114:850-852, 1979) 


Eje a 16-month period (January 1976 to April 1977) 
when 93 renal transplants were performed at the 
University of Colorado Medical Center, Denver, and the 
Denver Veterans Administration Hospital, there were nine 
acute graft ruptures (9.6%). One of these ruptures was 
caused by renal vein thrombosis that was not discovered 
until after the graft was removed on the seventh day after 
transplantation. In the other eight cases, there was 
evidence of varying degrees of rejection when examined 
by microscopy. These eight cases were analyzed with 
respect to the question of whether the acutely ruptured 
graft should be removed or whether it should be left in the 
patient if bleeding can be controlled at the time of 
exploratory operation. 


MATERIALS AND METHODS 


All eight cases of graft rupture associated with rejection 
occurred in recipients of kidneys from cadavers. The patients' ages 
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Operation 
Graft nephrectomy 
1 Graft nephrectomy 
4 Graft nephrectomy 
1 Rupture repaired 
4 Rupture repaired 
1 
1 
2 


Transplant No. 
1 1 


Graft nephrectomy 
Graft nephrectomy 
Graft nephrectomy 
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Clinical Courses of Eight Patients With Ruptured Renal Allografts 





were 17 tc 58 years. In five cases, the ruptured graft was the first 
transplant; in one case, it was the second; in two cases, the graft 
was the feurth transplant. None of the 25 patients wao received 
grafts from relatives during this period of time are kncwn to have 
had a graft rupture, although this could have happened in oceult 
form. 

The number of mismatched human leukocyte antigens were 
three in seven cases and two in the eighth case. None cf the eight 
patients had had detectable levels of preformed antibodies against 
a panel of lymphocyte donors before transplantation. 

Preservation times were six to 25 hours. Renal preservation by 
pulsatile perfusion with cryoprecipitated plasma was performed in 
four cases and by cold storage after perfusion with Collins' 
solution vsing an intracellular electrolyte solution without the 
addition cf procaine hydrochloride in the other four cases. 

The techniques of transplantation into the iliac fossa that were 
used have been previously described,' except for those ised in one 
patient in whom the graft was placed in the right upper quadrant 
with anastomoses to aorta and portal vein. Graft capsu otomy was 
not performed at the time of transplantation. 

All patients received azathioprine and prednisone for immuno- 
suppressien, as previously described.” All of the five recipients of 
primary transplants received antilymphocyte globulin /antithymo- 
cyte globulin for periods of up to four weeks postoperatively; none 
of the patients who underwent retransplantation received this 
agent. 

Five of these eight grafts made more than 50 mL/hr of urine 
after transplantation, before reexploratory surgery was per- 
formed fcr rupture; the other three grafts (cases 5, 6, and 7, Table) 
produced little or no urine between the times of transplantation 
and of rupture. During the six to 12 hours prior to exploratory 
operation for rupture, the renal function was poor n all cases 
except case 4. Four patients were dialyzed before »xploratory 
operation was performed. The diagnosis of ruptured allograft was 
strongly suspected in all cases because of the explosive onset of 
pain, tenderness, and swelling. All patients were teken to the 
operating room as quickly as possible. 

The ruptures occurred one to 18 days after transplantation; in 
seven cases, it was within seven days after transplentation. In 
three cases, the ruptures were along the convex bo-der of the 
kidney; in the other five cases, the sites of rupture varied. 












Course Outcome 
Retransplant Functioning retransplant 
Dialysis Awaiting retransplant 
Dialysis Awaiting retransplant 
Urinary leak Functioning transplant 


Graft nephrectomy; death 
Functioning ret-ansplant 
Sepsis; death 
Awaiting retransplant 


Wound infection 
Retransplant 
Retransplant 
Dialysis 
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RESULTS 
Clinical 


In six of the eight cases, the transplanted kidnzys were 
removed at the tme of reexploratory surgery for graft 


rupture; in two cases (4 and 5), the ruptures were repaired | 


with electrocautery and interrupted sutures (Table). One of 
the six patients whose graft was removed had a kidney 
retransplanted seven days later and died ten weeks after 
retransplantation because af sepsis (case 7); the cther five 
patients have survived and two of the five kave had 
successful retransplantations. 

One of the two repairs of rupture was complicated by 
urinary leakage caused by distal ureteral necresis, and 
ureteroureterostomy was necessary; this graft has had 
normal function 1*4 years after transplantation (case 4). In 
this case, the graf- rupture was on the posterior surface of 
the kidney; at the time of the exploratory operation, there 
did not seem to b» enough pressure in the renal pelvis to 
ascribe the graft rupture to hydronephrosis associated 
with distal ureteral necrosis. The other graft that was 
repaired functioned for approximately six morths, but 
required large amounts of prednisone for recurrent rejec- 
tions; a persistent wcund infection necessitated prolonged 
hospitalization (case 5). This graft was removed six months 
after transplantation and the patient was returned to 


dialysis; he died 12 months after transplantation because. 


of uncertain causes, but he had previously expressed 
suicidal thoughts and his death was probably a veiled 
suicide. 

Isotope renegra»hy was performed in six patients prior 
to suspecting graf- rupture because of poor graft function; 
in these six cases, “he interval between performanze of the 
isotope renogram and exploratory surgery for rupzure was 
one half to three cays. These renograms were interpreted 
as showing aeute tubular necrosis or rejection; no reno- 
gram was considered suggestive of graft rupture 

At the time of exploratory surgery for graft rupture, the 
kidneys were usualy pink, with small patchy areas of blue 
parenchyma im some cases. These grafts did not aopear to 
be totally infarctec and they did not manifest the speckled 
appearanee characteristic of end-stage rejection -hat has 
been allowed to develop fully. In some cases, there was 
active hemorrhage from the site of rupture. 


Pathology 


All of the eight ruptured grafts were tensely ed2matous 
at the time of expleratory surgery for rupture. Theamount 
of hemorrhage associated with the rupture vari»d from 
approximately 200 to 1,000 mL. 

Light microscopy and immunohistology were performed 
in all eases. A biopsy of one of the two kidneys not removed 
at the time of rupture was dcne at the time of rupture (case 
4), and the other k:dney was not examined microseopically 
until it was removed six months after rupture (case 5). The 
findings of microscopic examination in the eight cases are 
as follows: interst tial edema, 3 cases; focal mononuclear 
cell infiltration, 5 cases; slight glomerular hypercellularity, 
5 cases; arterial narrowing dy intimal thickening, 1 case; 
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infarction/cortical necrosis, 3 cases; immunoglobulin with 
or without complement (Ig + C) in capillary walls, 2 cases; 
Ig + C in mesangium, 3 cases; Ig + C in arteriolar walls, 3 
cases. 

Only one of the eight cases had histologic signs of 
advanced rejection (case 3); in six other cases, histologic 
signs were of mild to moderate rejection. The rejection was 
predominantly cellular in four cases, humoral in two, and 
mixed in one. The eighth kidney, which was examined six 
months after repair of the rupture (case 5), showed no 
evidence of rejection. 


COMMENT 


The first reported case of graft rupture was after the 
second cadaveric transplantation performed at the Univer- 
sity of Colorado.' The patient had fallen out of bed several 
days earlier and an etiologic role of this minor trauma was 
suspected. The removed kidney had histopathologic 
evidence of cellular rejection similar to those of some of the 
specimens in the present report. 

In 1968, Murray et al* reported four ruptures in 110 
kidney transplants performed between 1962 and 1968; 
three of the four occurred in grafts from relatives. The 
incidence of graft rupture has varied from 0.49: to 8.4% in 
other series, and rupture generally has been found to 
happen less frequently in grafts from relatives than in 
grafts from cadavers, as illustrated by our own experience. 
Graft rupture may in fact be undetected in some patients 
and the frequency of rupture is probably higher than is 
generally recognized. One of the ruptures described by 
Salaman et al^ was found incidentally at the time the 
operation was performed because of continuing anuria on 
the 22nd day after transplantation. 

All ruptures in this series occurred within 18 days of 
transplantation. This has been the experience of several 
other authors,'*-"' although delayed rupture has been docu- 
mented by Haberal et al,? Lord et al? and Homan et 
al." 

The mechanism of graft rupture is not well understood. 
Although rupture has been associated with renal vein 
thrombosis," in our eight patients renal vein thrombosis 
was not observed. The histopathology observed in our eight 
cases does differ from the findings in the majority of cases 
whose unruptured kidneys were removed because of rejec- 
tion, in that the obliterative vascular changes usually found 
in the unruptured rejected kidneys are present in only one 
of our eight cases. The pathology found in our eight cases 
was not importantly different from the findings of Matas 
et al in five ruptured kidneys. Focal areas of necrosis, 
which might be expected to predispose a kidney to rupture, 
were found in only three of our eight cases. Histologic 
signs of acute tubular necrosis or ischemic cortical damage 
were not prominent. The reason for the ruptures of some 
kidneys is not apparent; the only common factor seems to 
be a swollen graft. 

Four patients had undergone hemodialysis after trans- 
plantation but before reexploration was performed for 
graft rupture. In one of these four patients, severe pain at 
the graft site and hypotension during hemodialysis devel- 
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oped; in this patient (case 7), the heparin needed for 
hemodialysis may have contributed to the volume of the 
hemorrhage associated with the graft rupture and perhaps 
to the actual rupture itself. Rupture of the nontrans- 
planted kidney has been described as a complication of 
anticoagulation.''* 

The finding of graft ruptures exclusively in grafts from 
cadavers in our series and predominantly in grafts from 
cadavers in other series, except the one of Murray et al,’ 
suggests that immunological factors are important in the 
pathogenesis of rupture. However, none of our patients 
had detectable preformed antibodies against a panel of 
lymphoeyte donors who represented a broad range of 
histocompatibility antigens, and the results of microscopic 
pathologie examination did not suggest violent humoral or 
cellular rejection. 

The site of rupture was the convex border of the kidney 
in three of eight cases in our experience, but in 18 of 19 
cases in the report by Lord et al.' They offered a mathe- 
matical explanation for this site predilection, having to do 
with the greatest amount of tension being at the site of 
greatest curvature; however, this explanation does not fit 
well with the varied sites of rupture observed in our eight 
cases. 

The method of cadaver kidney preservation did not seem 
to influence rupture, in that half of all the ruptured 
kidneys had been preserved by pulsatile perfusion with 
eryoprecipitated plasma and half had been stored in cold 
intracellular electrolyte solution. However, the fact that all 
of the ruptures occurred in kidneys that had been 
preserved (as compared with grafts from relatives, which 
were transferred directly from the living donor to the 
recipient) could indicate that cold preservation, with or 
without perfusion, predisposes to rupture, although this 
does not seem likely. 

The relatively mild degree of rejection observed at the 
time of exploratory surgery for rupture, and later through 
microscopy, suggests that many of these grafts might be 
capable of functional recovery if not removed at the time 
of rupture. However, the mild degree of visible rejection 
may simply reflect a lack of time for the more recognizable 
hallmarks of severe rejection to develop. The poor chronic 
performance of ruptured grafts that were not removed in 
the series of Matas et al? and Homan et al" suggests that 
graft rupture does in fact imply an unfavorable prognosis 
for long-term graft function. The fact that 75% of all the 
ruptured kidneys in our series were removed reflected, in 
part at least, a conviction that this was the preferred 
treatment. 

The treatment of the ruptured kidney hinges on whether 
or not to remove the kidney. Kootstra et al’ recommended 
that if renal function has shown signs of improvement 
prior to rupture, if the appearance of the kidney is 
otherwise satisfactory, and if hemostasis can be achieved, 
it may be possible to save the kidney. However, indifferent 


renal function may ultimately be achieved'*'* and deaths. 


from eontinued hemorrhage and infection caused by an 
attempt to save the kidney have been documented.**" 
Minale et al'" described six cases that were repaired with 
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recovery of funetion but in whom there were two subse- 
quent deaths due to hepatic coma and Pseudomonas septi- 
cemia. 

If acute kidney rupture is suspected clinically in the 
early pos-transplantation period, we believe that the graft 
should be explored as soon as possible for control of 
hemorrhege. Although there has been long-term graft 
function in only one of the two patients in our series in 
whom the graft was left in place after rupture, this 50% 
graft survival rate is not greatly different from the 
long-term graft survival rate in transplants from cadavers 
that have not ruptured. This uncontrolled observation, 
combined with the finding of rather little ev dence of 
rejection from microscopy in the six grafts removed imme- 
diately after rupture, suggests that the ruptured graft 
should nct be removed if bleeding from the site of rupture 
can be securely controlled, if the gross appearance of the 
graft is mot characteristic of end-stage irreversible rejec- 
tion, if the patient’s general condition warrants eontinued 
immunosuppression, and particularly if the graft has made 
urine until the time of rupture. 


This investigation was supported in part by a grant from the Kidney 
Foundation of the Rocky Mountain Region. 
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Ureteral Obstruction Secondary to 
Bifurcated Aortic Grafts 


Joseph G. Antkowiak, MD, Ronald A. D'Altorio, MD 


* We report three cases of ureteral obstruction producing 
hydronephrosis following aoriofemoral bypass graft. In each 
case, tme obstructien occurred in the area where the ureter 
crossec over the limo of a Dacron graft. Ureterolysis relieved the 
obstruction. Mast of the previously reported cases of this compli- 
cation cf bypass surgery occurred when the ureter was situated 
between the limb of a graft and the patient's own iliac artery. 
Various methods of surgical approach are listed. In some cases, 
ureterolysis is & suitable alternative to division and reanastomo- 
sis of the-ureter to relieve obstruction. 

(Arch Surg 114:853-856, 1979) 


reteral obstruetion producing hydronephrosis second- 
U ary to acrtofemoral or aortoiliac prosthetic grafts is 
an infrequent complication of reconstructive vascular 
surgery."* | | 
Most reports of ureteral obstruction from bifurcation 
grafts aave been associated with placement of the ureters 
beneath the limb cf the graft. We report three additional 
cases o* hydronephrosis secondary to aortofemora! grafts. 
In each case, the ureter was placed over the graft. It 
appears that obstraction occurs due to localized fibrosis in 
the area where the ureter crosses the graft and is not 
related te the posi-ion of the ureter and graft. 


REPORT OF CASES 


Case 1.—A 5l-year-old woman had an aorto-bilatera!-femoral 
Dacron bypass graft on Dec 8, 1971, because of severe aortoiliac 
arterieselerosis. Her symptoms were relieved until February 1973, 
when celdmess and claudication of the left leg recurred. An 
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arteriogram demonstrated occlusion of the left limb of her graft. 
An intravenous pyelogram (IVP) demonstrated bilateral hydrone- 
phrosis originating at the level of the graft (Fig 1). At surgery, the 
left ureter was proximally dilated and fixed by dense fibrous 
adhesions as it crossed the left limb of her graft. Contrary to the 
angiographic changes, the right ureter was normal. A ureterolysis 
freed the left ureter and a thrombectomy of the left limb of her 
graft restored blood flow to the leg. Parietal peritoneum was 
sutured over the graft, allowing the ureter to pass intraperitoneal- 
ly across the graft. Postoperatively, she had normal pulses in her 
legs. An IVP 4%% years after the ureterolysis showed no hydrone- 
phrosis (Fig 1). (It should be noted that both sides improved 
although no surgery was performed on the right.) 

Case 2.—A 54-year-old man had a suprapubic segmental resec- 
tion and fulguration of a urinary bladder carcinoma on June 9, 
1966; posteperatively, he received 6,000 rads of cobalt 60 radiation 
therapy. On Sept 15, 1969, because of progressive ischemic changes 
in his legs, an aorto-bilateral-femoral Dacron graft was inserted, 
and relieved his symptoms. On May 3, 1970, a urinary tract 
infection developed. An IVP revealed a right hydronephrosis. 
Cystoscopy revealed no recurrence of the bladder neoplasm, but 
the right ureter was stenotic. A retrograde pyelogram demon- 
strated “extensive dilatation of the right renal collecting system 
and proximal two-thirds of the ureter.” (No x-ray films were 
available.) On May 15, 1970, a ureterolysis was performed. The 
ureteral obstruction was due to dense fibrous adhesions at the 
point where the ureter crossed over the right limb of the graft. 
Fatty tissue was interposed between the graft and the ureter. A 
follow-up IVP four months later showed no hydronephrosis. (The 
grade and staging of the bladder tumor and x-ray studies are not 
available.) 

Case 3.—A 70-year-old man had an abdominal aortic aneurysm 
resection on Oct 6, 1976. The aneurysm was replaced with a 
bifurcated Dacron graft. The ureters passed over the graft. 
Postoperatively, he experienced pneumonia and urinary tract and 
wound infections that responded to antibiotic therapy. In Febru- 
ary 1978, a large pseudoaneurysm developed in the left groin. An 
IVP with two-hour delayed films showed nonvisualization of the 
left kidney. A retrograde pyelogram showed left hydronephrosis 
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Fig 1.—Left, Intravenous pyelog-am shows 
bilateral hydronephrotic changes with ob- 
structed changes beginning at level of 
graft. Right, Postoperative intravenous 
pyelogram shows normal collecting sys- 
tems and ureters. 


Fig 2.—Retrograde pyelogram. There was 
dilated ureter beginning at level of graft. 
There is also curve in ureter due to pres- 
sure from graft. 


Fig 3.—Postoperative intravenous pyelo- 
gram shows hydronephrosis on left side, 
but excretion of contrast has increased 
slightly since preoperative pyelogram. 
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and hydroureter (Fig 2). Renal scan showed marked impairment of 
perfusion and function of the left kidney. He experienced a left 
pyelonephritis, which responded to antibiotic therapy. A left 
ureterolysis was performed to correct the ureteral obstruction due 
to dense fibrous adhesions where the ureter crossed over the left 
limb of the graft. The pseudoaneurysm was repaired. An IVP on 
March 20, 1978 showed delayed excretion from the left kidney and 
only slightly less dilation of the left ureter (Fig 3). A follow-up 
renal scan eight months later showed only slight improvement of 
renal perfusion and poor function of the left kidney. 


COMMENT 


When vascular grafts produce hydronephrosis, it is 
either due to direct compression of the ureter or a fibrotic 
reaction produced by the grafts and surgery. Early descrip- 
tions of the technique of aortofemoral bypass surgery do 
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not emphasize the importance of positioning the graft 
either over or under the ureter. Jacobsen et al' reported a 
case of ureteral obstruction caused by an aortciliac graft 
where the ureter crossed over the limb of the graft. The 
obstruction was relieved by resecting and reanzstomosing 
the ureter. Since that time, most reported cases of hydro- 
nephrosis secondary to graft occurred when the ureter was 
positioned between the limb of the graft and the patient's 
iliac artery (Table). Lytton? and Ehrlich et al? treated this 
complication by dividing the ureter and transposirg them 
anteriorly to the graft. Dorfman and Thomford' used 
uretero'ysis and division and transposition of the graft 
under the ureter as their treatment. Petrone et al* reported 
four cases of hydronephrosis secondary to acrtofemoral 
grafts. One case was managed by division and transposi- 
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Review of Literature 














Discovery Position 
of of 
Hydro- Ureter Ureter 
nephrosis Involved Graft* 













Treatment 





Follow-up 

















Jacobsen et Man, 69 yr Pain in right 30 mo Right Al nylon Over Ureteral resection, 6 mo, IVP,7 no hy- 
al upper | uretero-ureterosto- dronephrosis 
quadrant my 







Lytton’ Men, 61 yr None Immediate postop- Left AFF Dacron Under Ureter resected and 3 mo, IVP, hy- 
eratively placed over graft dronephrosis 
decreased 
Man, 49 yr Back pain, 28 mo Right > Al Dacron Under Ureters resected and 6 mo, IVP, de- 
hematuria Left i transposed over creased hydro- 
graft nephrosis 








Dorfman and Man, 48 yr Abdominal Al Dacron Ureterolysis, graft di- 1 mo, normal IVP 
Thomford* pain 


vided, reanas- 
tamosed under 
ureter 


Ehrlich et al’ Man, 78 yr Chyluria Early postoperative Al Dacron Ureterolysis, ureter Chyluria and hy- 


divided, reanas- dronephrosis 7 
tamosed over graft resolved | 











Petrone et al’ Man, 63 yr Prostatic 4 mo Right AF Dacron Under Ureterolysis, ureter 6 mo, IVP, hy- 2 
symptoms divided, reanas- dronephrosis 1 
tamosed over graft decreased ^ 
Mam, 56 yr Prostatic 6 mo Left AFF-? Under Left nephrectomy og 
symptoms 5 
Mar, 63 yr Dysuria 2 mo Right AFF-? Over None IVP, 2 mo, un- | 
changed 1 
I 
Mar, 62 yr Chest pain 22 mo Right AFF Teflon Unknown None IVP, marked ob- 
structive 
changes 24 mo 4 
later 1 
i 
Wallijn et al’ Mam, 51 yr Nephrotic 9mo Right + AFF Dacron Probably Steroids, cytotoxic 3 mo, IVP, no left 1 
syndrome Left under drugs hydronephrosis, + 
right slightly im- 
proved 
Man 57 yr Hypertension 6 mo Right Al Dacron Probably Nonfunctioning kid- 
under ney removed 
Man 58 yr Abdominal 18 mo Right > AFF Over Steroids initially, ure- 6 mo, IVP, slight 
discomfort Left terolysis, grafts di- improvement 
] vided and placed 
over omental- cov- 
ered ureters 
Antkowiak Woman, Claudication 14 mo Left > AFF Dacron Over Ureterolysis, perito- IVP, 54 mo, no 
and 51 yr Right neum interposed hydronephrosis 
D'Attorio under ureter 
Man. 54 yr Fever, flank 8 mo Right AFF Dacron Over Ureterolysis, fatty tis- IVP, 4 mo, no hy- 
pain sue put under ure- dronephrosis 
ter 
Man, 70 yr Pulsating 16 mo Left AFF Dacron Over Ureterolysis, graft 3 mo, renal scan, 
groin mass limb resected minimal im- 
provement, no 
UTIÍ 





*Al signifies aoroiliac AFE, aorto-bilateral-femoral: AF, aortoiemoral. 
TIVP signifies intraver-ricular pyelogram. 


{UTI signifies urmary *ract infection. 
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tion of the obstructed ureter anterior to the graft. Two 
patients were treated conservatively, with no progression 
of the hydronephrosis in one and an increase in the 
hydronephrosis in the other. Wallijn et al reported a 
limited clinieal experience of steroid therapy with no 
conclusive results. They treated one patient by division of 
the graft and repositioning omental wrapped ureters 
behind the graft. 

Division and reanastomosis of the ureter, division and 
reanastomosis of the vascular graft, or ureterolysis are 
methods being used for the surgical treatment of hydrone- 
phrosis secondary to reconstructive vaseular grafts. These 
procedures may also be combined with interposition of 
omental fat or peritoneum between the graft and ureter. 
Steroids alone or combined with ureterolysis have been 
used in the treatment of retroperitoneal fibrosis, and since 
the hydronephrosis secondary to grafts is produced by a 
localized fibrosis, there may be a role for steroid therapy in 
the aged and debilitated.’ 

Postoperative ureteral ischemia does not appear to bea 
factor in producing hydronephrosis since the arterial 
plexus supplying the ureter lies in the adventitial layer and 
is a very abundant blood supply. This makes it possible to 
free the ureter almost completely without danger of necro- 
sis. However, the abnormal ureter tolerates less ischemia, 
particularly if the adventitia has been disected or 
damaged.* 

Although most cases of hydronephrosis after bypass 


surgery occur when the ureter is placed between the limb 
of the bypass graft and the patients own iliac artery, 
several previous cases and the present report indicate that 
ureteral obstruction may occur even when the ureter is 
placed over the limb of the graft. In our first case, the left 
hydronephrosis was relieved simply by ureterolysis. We 
cannot explain the radiographic changes on the opposite 
side since that ureter appeared normal at surgery. Similar- 
ly, in case 2, ureterolysis was beneficial. The third patient 
did not have significant return of renal function with the 
relief of che ureteral obstruction. His repeated bouts of 
urinary tract infections may have contributed to his lack of 
improvement. 

There are probably two mechanisms responsible for 
hydronephrosis secondary to vascular grafts. A ureter 
placed between the limb of a graft and the iliac artery is 
probably obstructed due to direct compression. However, it 
has been shown that ureters situated over a graft have 
become cbstructed.? Ureteral obstruction occurring at a 
point where the ureter crosses the graft is due to a localized 
form of retroperitoneal fibrosis. Factors that may 
influence the development of this fibrosis are the graft 
material, the patients response to a foreign body, and the 
amount of dissection or hematoma at the operative site. In 
this form of ureteral obstruction, ureterolysis may be the 
preferrec treatment. ` 


Robert Challinor, MD, allowed use of case 2. 
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Cytomegalovirus Infection of the Colon 
Associated With Ulcerative Colitis 


Sylvain Sidi, MD; James H. Graham, MD; Syed A. Razvi, MD; Peter A. Banks, MD 


e We report a 12th case in which infection of the colon with 
cytomegalovirus was demonstrated in association with ulcera- 
tive colitis. Rectal biopsy has proven to be reliable in identifying 
cells with cytomegaloviral inclusion bodies if careful histologic 
evaluation is performed. Thus far, prognosis has been serious 
when cytomecalovrus of the colon has been documented in 
ulcerative colitis. N ne of 12 patients have required a colectomy, 
and only seven of 72 have survived. 

(Arch Surg 7114:857-859, 1979) 


nfection of the eolon with cytomegalovirus has rarely 
been verified histologically: When it has oceurred in 
association with ulcerative colitis,- five of 11 patients 
have died. Wher associated with a variety of serious 
systemic illnesses*** all patients have died. 
We report a 12th case of infection of the colon with 
cytomegalovirus m association with ulcerative celitis and 
summarize the clinical features of this association. 


REPORT OF A CASE 


Six months prior to admission to St Elizabeth's Hospital, Boston, 
a 63-year-old woman was evaluated elsewhere for symptoms of 
chronie bioody diarrhea of several years' duration. Sigmoidoscopy 
revealed diffuse granularity and friability to 25 cm. A rectal 
biopsy specimen revealed the presence of crypt abscesses. The 
lamina proprie con-ained inflammatory cells, including lympho- 
cytes and plasma cells. No granulomas were seen. Cytomegalovi- 
rus was not identified either at that time or retrospectively. 
Barium enema (Fig 1) showed changes consistent with chronic 
ulcerative colitis. She responded at first to treatment with sali- 
cylazosul*apyridine, but was hospitalized elsewhere two weeks 
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prior to admission because of increasing lower abdominal discom- 
fort, nonbloody diarrhea, and weight loss. These symptoms 
persisted despite treatment with salicylazosulfapyridine (3 g/day 
in divided doses), intravenous corticotropin (40 units daily), and 
intravenous ampicillin sodium (4 g/day), and she was transferred 
to St Elizabeth's Hospital. 

Vital signs on admission included a blood pressure of 132/78 mm 
Hg, a pulse rate of 88 beats per minute, and a rectal temperature 
of 37.7 °C. Important physical findings were confined to the 
abdomen. There was mild diffuse abdominal tenderness without 
guarding. The liver was not palpable. The spleen was palpable at 
the left costal margin. There were no abdominal masses. Bowel 
sounds were hypoactive. Sigmoidoscopy disclosed the presence of 
patchy inflammatory exudate adherent to the mucosa. The mucosa 
beneath the exudate was diffusely erythematous, granular, and 
very friable. Histologic examination of the inflammatory exudate 
showed inflammatory cells and fibrin. Retrospectively, after the 
results of surgery became known, one definite cell with a cytomeg- 
aloviral inclusion body was visualized. 

The clinical impression on admission was an exacerbation of 
chronic ulcerative colitis possibly complicated by an antibiotic- 
induced pseudomembranous colitis. Therapy with ampicillin was 
discontinued. She was treated with intravenous hydrocortisone, 
200 mg/day, and received rectal steroids on a daily basis. Repeat 
sigmoidoscopy on the 18th hospital day revealed substantial 
healing of the rectal mucosa. There was no exudate or pseudomem- 
brane. There was mild erythema and friability. A rectal biopsy 
specimen obtained from a valve was interpreted as showing acute 
and chronic inflammation with crypt abscesses. Granulomas were 
not present. Cytomegalic cells with characteristic inclusions were 
not identified histologically at that time but were visualized 
retrospectively after the results of surgery became known. 

During hospitalization, the patient was noted to become increas- 
ingly thrombocytopenic and leukopenic. The WBC count decreased 
from 3,200/cu mm with 22% lymphocytes to 1,300/cu mm with 13% 
lymphocytes. Hypogammaglobulinemia was documented with 
absence of IgA and virtual absence of IgM and IgG. Studies of T 
lymphocytes demonstrated normal rosette formation (T rosette, 
84.4%). Studies of B lymphocytes showed findings consistent with 
a profound immunoglobulin deficiency (IgG, 2%, IgM, 2.9%; x, 1%; 
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and A, 2%). These findings were particularly noteworthy in view of 
a history of an episode of severe pneumonia several years 
previously that ultimately required tracheostomy and ventilatory 
support before full clinical recovery. 

A barium enema performed on the 17th hospital day revealed 
diffuse ulcerations of the transverse and descending colon, asso- 
ciated with considerable spasm. A subtotal colectomy and ileosto- 
my were performed on the 28th hospital day. Her postoperative 
course was uneventful Her immunologic status has remained 
unchanged postoperatively. 


PATHOLOGIC FINDINGS 


Examination of the surgical specimen showed marked 
thickening of the bowel wall. The mucosa of the terminal 
ileum and colon was diffusely abnormal. There was a 
generalized granular appearance, with multiple mucosal 





Fig 1.—Barium enema examination obtained six months prior to 
colectomy. There is loss of haustral pattern throughout colon. 
Intense spasm is present in distal transverse colon. Contour of 
rectum is slightly serrated, suggesting presence of small ulcera- 
tions. Terminal ileum is refluxed and appears normal. 


Fig 2.—Histologic section of colon. Inflammatory exudate in 
granulation tissue of colonic ulcer contains many inclusion 
bodies within macrophages and fibroblasts (hematoxylin-eosin, 
original magnification x 250). 
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ulcerations scattered throughout the large intestine and 
terminal ileum. The largest ulceration measured 2.5 x 2.0 
em. Microscopic examination revealed marked thickening 
of the bewel wall with hypertrophy of the muscularis 
mucosa. Macrophages and fibroblasts located in granula- 
tion tissue at the base of deep ulcerations in both the colon 
and terminal ileum contained inclusion bodies with acido- 
philic staining on Giemsa stain (Fig 2). Cytomezalovirus 
inclusion bodies were also demonstrated within endothelial 
cells of capillaries (Fig 3). No inclusion bodies were seen in 
ileal or colonic epithelial cells. Multiple histologic sections 
of both the colon and terminal ileum failed to show 
granulomas. 

The final diagnosis was chronic ulcerative co itis in a 
patient with an immunodeficiency syndrome of uncertain 
duration. There was a superimposed systemic infection 
with cytomegalovirus manifested by the development of 
thrombocytopenia and by the presence of cells with charac- 
teristic cytomegaloviral inclusion bodies in ileum and 
colon. 


COMMENT 


Infection of the colon with cytomegalovirus has 
previously been reported in association with vlcerative 
colitis in 11 patients.'? Two patients from one report’ were 
discussed in greater detail in subsequent publications.’** 
Thus far, three patients have been female (ages 48 to 63); 
nine have been male (ages 18 to 67). The interval between 
the onset of ulcerative colitis and the subsequent develop- 
ment of cytomegaloviral infection has been as brief as four 
to ten weeks among four patients, and as long as 34 years 
in one patient.? 

Clinical features that have been associated with cyto- 
megalovirus infection are intractability of colitis among 
seven patients, including our own,'? the development of 
toxic dilation among five patients, and general debilita- 
tion. Factors that may influence susceptibility ar2 the use 
of adrenocortical steroid agents in our patient and many of 
the others, general debilitation, and immunologic deñcien- 


Fig 3.—Histologic section of colon. Cytomegaloviral inclusion 
bodies are present within endothelial cells of capillary (Giemsa, 
original magnification Xx 250). 
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Cy as evidenced ia our patient and in one previous patient.” 
Patients with ucerative colitis may in general be more 
susceptible to infection with cytomegalovirus than 
patients with regional enteritis or control subjects, as 
evideneed oy a Higher frequency of antibody and higher 
rate of recevery of cytomegalovirus from cultures of 
colon.* Blcoi transfusions are considered to be a likely 
source of trensmission of the virus,^ but only two of 12 
patients thus far are known to have received blood trans- 
fusions 

The presence of cytomegalic cells with characteristic 
inclusions ean be verified by careful histologic evaluation 
of biopsy meterial. The use of multiple serial seetions has 
been emphasizec as a prerequisite in this effort.'?'* Thus 
far, rectal 5iopsy specimens have shown evidence of cyto- 
megalovirus in ell four prior cases in which a biopsy was 
performed*^?* and in the present case. Histologic identifi- 
cation of cytemegalic cells has also been obtained by biopsy 
of stomach'*** amd small intestine." Precise distinction of 
cytomegalcv rus from other herpes-type viruses would 
require ultrastruetural techniques. When these were used 
in one case," the presence of cytomegalovirus was 
confirmed. 

A basic qusstien is whether the virus participates in the 
inflammatery process or simply serves as a nonspecific 
marker of either debilitation or severe ulcerative colitis. 
While a firm answer cannot be rendered, the localization of 
the virus wizhin granulation tissue at the base of deep 
ulcerations in a »erivascular distribution, and particularly 
within vascular endothelium in the present case and in one 
previous case' weuld imply that the virus may be contrib- 
uting te the inflemmation. 

Thus far, tae p*ognosis has been serious when cytomega- 


lovirus of the colon has been seen in association with 


ulcerative colitis. Only seven of 12 patients have survived. 
Nine of 12 (including the patient in the present report) 
have required a colectomy. Only two patients survived 
without a colectomy. Furthermore, a retrospective discov- 
ery of cytomegalovirus infection of the colon among five of 
seven patients with toxic dilation has led to the suggestion 
that the virus may be a factor in the development of this 
complication.’ | 

While a prospective study would be required to learn the 
natural history of ulcerative colitis once there has been 
infection of the colon with cytomegalovirus, the following 
recommendations can be made on the basis of information 
derived from the 12 cases that have been reported thus far. 
À rectal biopsy specimen should be obtained and scruti- 
nized carefully for cytomegalovirus in severe ulcerative 
colitis especially if there is marked debilitation of the 
patient's condition. If a superimposed infection with 
cytomegalovirus is discovered, therapy with immunosup- 
pressive agents should be discontinued and adrenocortical 
steroid therapy tapered and then withdrawn completely if 
possible. Nutritional support should be given to patients 
with marked debilitation, including the use of total paren- 
teral nutrition if there is no other way to improve nutri- 
tional status. If the condition of the patient continues to 
deteriorate despite these efforts, the coexistence of cyto- 
megalovirus should be interpreted as additional evidence 
in favor of a colectomy. 


Nonproprietary Names and Trademarks of Drugs 


Ampicillin sodium—Penbritin-S, Polycillin-N. 
Corticotropin—Acthar, Actrope. 
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Abdominal Aortie Aneurysm and 


Horseshoe Kidney 


A Different Perspective 


O. William Brown, MD; Steven M. Dosick, MD; William S. Blakemore: MD 


e We report a case of abdominal aortic aneurysm with horse- 
shoe kidney. The anatomic distribution of the renal vessels, the 
position of the thin portion of the isthmus of the kidney, and 
concern for the preservation of the sexual potency of the patient 
made standard aneurysm repair untenable. We describe a meth- 
od of repair by exclusion of the aneurysm. 

(Arch Surg 114:860-861, 1979) 


he presence of abdominal aortic aneurysm and horse- 
shoe kidney continues to be a challenge to vascular 
surgeons. There have been 30 to 40 cases of abdominal 
aortic aneurysm and horseshoe kidney previously reported 
in the literature.'? In an extensive review of the literature 
in 1975, Bietz and Merendino' presented preoperative and 
= postoperative drawings illustrating the various techniques 
used to repair the abdominal aortic aneurysm in the 
presence of this variable anatomic anomaly. We report a 
case of horseshoe kidney associated with an abdominal 
aortic aneurysm and present a technique for repair. 


REPORT OF A CASE 


A 45-year-old otherwise healthy, sexually active, man had a 
pulsatile abdominal mass. Ultrasonography of his abdomen 
revealed a 4- to 5-em abdominal aortic aneurysm. In view of the 
work of Szilagyi et al regarding the growth of abdominal aortic 
aneurysms, it was decided that the patient should undergo elective 
abdominal aortic aneurysm resection. Results of routine screening 
studies including carotid phonoangiography, oculoplethysmogra- 
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phy, ECG, chest x-ray film, and laboratory examination of blood 
and urine were all within normal limits. Preoperative cortogram 
revealed the unsuspected presence of a horseshoe kidney and 
bilateral common iliac aneurysms. Intravenous py2lography 
showed mild hydonephrosis on the left side. 

At operation, the left renal vein was superior to the aneurysm 
site. The is:hmus of the horseshoe kidney was located directly over 
the aneurysm. The thin portion of the isthmus was located to the 
left of the aneurysm. Aneurysms of the common iliac arteries with 
associated diffuse atherosclerotic disease were also present. The 
presence of these anatomical abnormalities and the concern that 
any extensive dissection along the aortic bifurcation might render 
this sexually active man impotent’? prompted our decision to 
perform ar aorto-right common iliac, left common femoral bypass 
graft with exclusion of the aneurysmal segment. Exclusion of the 
aneurysmal segment was accomplished by oversewing the proxi- 
mal end (aerta) and ligating the distal end (right common iliac and 
left internal and external iliac arteries) (Figure, left). The graft 
was placec beneath the horseshoe kidney, and the anastomoses 
were performed in the usual way (Figure, right). Postoperatively, 
the patient did well. There were no postoperative complications 
and the patient was discharged ten days postoperatively. Two 
weeks following discharge, the patient reported no difficulty with 
erection or ejaculation. 


COMMENT 


Various surgical techniques have been used zo obtain 
adequate exposure for resection of an abdomiral aortic 
aneurysm in the presence of a horseshoe kidney. These 
techniques have included aneurysmectomy with retraction 
of the kidney cephalad,** aneurysmectomy with division of 
the isthmus of the kidney,’ and wrapping of the aneurysm 
in polyester fiber suture.’ The primary consideration in the 
majority of reported cases has been the location of the 
renal bleod supply. Bietz and Merendino, Cox and 
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Left, Diagram of initial anatomic presentation and procedure performed. Right, Aortic graft in place. 


Machaco,* and Julian’ all reported cases in which the origin 
of the enal vasculature made resection of the aneurysm 
untenable. Im our patient, although the renal vasculature 
originated above the aneurysm, its distribution precluded 
cephalad mobilization of tke kidney. 

Division of the isthmus of the kidney was not possible 
because the thin fibrous portion was located to the left of 
the aneurysm. Exposure would have been possible by 
cutting throagh the kidney parenchyma. Though some 
authors suggest that the horseshoe kidney may be “divided 
with impunity,” Glenn" states that there is a high 
incidence of urinary tract infections associated with horse- 


shoe kidney. Consequently, damage to the renal pelvis as a 
result of surgical manipulation of symphysectomy may 
produce spillage of infected urine. This spillage may 
expose the patient to all the serious sequellae of an infected 
vascular prosthesis. Thus, Glenn" suggests that symphy- 
sectomy be avoided if at all possible. 

Wrapping of the aneurysm in polyester fiber suture is 
generally considered to an inadequate approach to the 
problem. Consequently, the anatomical presentation 
together with concern for preserving the sexual potency of 
the patient" led us to perform the operative procedure 
described. 
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Nonoperative Internal Drainage of 


Obstructive Common Bile Ducts 


Magne Osnes, MD; Odd Geiran, MD; Knut Grónoeth, MD; Øyvind Havig, MD 


@ Anew nonoperative method for internal drainage of common 
bile duct obstructions by endoscopic retrograde cannulation of 
the papilla of Vater is described. After introduction of a tube in 
the common bile duct, a substantial decrease in serum activity of 
bilirubin, alkaline phosphatase, and y-glutamyl transferase was 
found. In addition, a rapid improvement of the clinical condition 
could be observed. No serious complications occurred. It is 
concluded that internal drainage of common bile duct obstruc- 
tions might be of great value in the preoperative treatment of 
patients with common bile duct obstructions. 

(Arch Surg 114:862-865, 1979) 


he technique of endoscopic retrograde cannulation of 

the papilla of Vater has during the last ten years been 
improved and has gained a widespread clinical use as 
recently reviewed by Cotton. During recent years, this 
technique has allowed therapeutic procedures, such as 
sphincterotomy and removal of stones from the common 
bile duct. 

The purpose of this article is to describe a new method 
that allows preoperative internal drainage of obstructed 
common bile ducts using the technique of endoscopic 
retrograde cannulation. 


MATERIAL AND METHODS 


In seven patients with jaundice (three women and four men) 
aged 63 to 78 years (mean, 72 years), the diagnosis of common bile 
duct obstruction was confirmed by endoscopic retrograde cholan- 
giography. (In two of the seven patients, the final diagnosis was 
periampullary carcinoma; in two it was primary biliary tract 
carcinoma; in two it was pancreatic carcinoma; and in one it was 
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common bile duct caleuli. After localization of the obstructions, a 
polyvinyl tube (external diameter, 1.9 mm; internal diameter, 1.7 
mm; and ler gth 170 em) was pushed through the obstructed area of 
the duct (Fi; 1). The tube was coiled up as shown in Fig 2 through 
4. After this procedure, the duodenoscope was removed from the 
patient. In ‘ive subjects, the tubes were removed on the same day 
from the mouth and passed through a nostril using a smooth 
urethral catheter as the channel. External drainage was then 
performed using siphonage. On the following day, a Levin tube 
was introduced through the other nostril and under fluoroscopical 
control inserted with its tip into the midpart of the duodenum (Fig 
3 to 5). The common bile duct tube was then introducec into the 
Levin tube and, thus, an enteral drainage of bile circulation was 
obtained. 

Prior to «he endoscopic procedure and on the follow ng days, 
levels of serum bilirubin, alkaline phosphatase, and y-glutamyl 
transferase (y-gt) were determined as indicated (Fiz 6). All 
patients stayed in the hospital for clinical observation after the 
endoscopic procedure. 


RESULTS 


The common bile duct tubes remained within the bile 
ducts in all patients in whom the tubes were passed 
through a nostril. Both peroral tubes passed spontaneously 
out of the common bile duct during the first 24 hours. The 
transnasal tubes remained within the duct until trey were 
removed ‘ive to seven days later prior to finel treat- 
ment. [ 

In all patients, the clinical condition improved rapidly 
within the first days after the start of biliary drainage. 
Peroral acministration of food and fluid was performed 
without difficulties, and no patients complained o^ serious 
discomfort due to the tubes. A rapid and substantial 
decrease in levels of serum bilirubin, alkaline phosphatase, 
and y-gt was found (Fig 6). 

No sericus complieations occurred. After removal of the 
tubes on tae seventh day after the start of drainage, one 
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Fig 1.—Roentgenogram showing passage of tube through common bile duct obstruction due to 
pancreatic carcinoma. Guide wire is introduced into tube making passage of obstruction 


easier. 


patient had z slizhtly elevated temperature anc positive 
blood cultures were found. Antibiotics were given, and a 
pancreatectomy for carcinoma was performed suecessfully 
on the fellowing day. 


COMMENT 


The presert stidy may, to our knowledge, for the first 
time present a nenoperative method for internal drainage 
of commor bile duct obstructions. Previously, external 
drainage hac suecess-ully been performed after percuta- 
neous transhepatic cholangiography." However, the 
advantage of the present method is that an internal 
circulation o^ bile is maintained. This is not possible by 
means of the trasshepatic external drainage without pero- 
ral administ-aticn of the bile. 

After suecessf il introduction of the tube in the common 
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bile duct, the liver may start secreting bile, and jaundice as 
well as pruritus will disappear within several days. The 
patient's general condition will improve and coagulation 
factors will normalize. Thus, time will be given for the 
administration of drugs, intravenous fluid therapy, and, if 
necessary, further diagnostic procedures. 

The present method may give the surgeon opportunity to 
operate in a field without extrahepatic stasis and with a 
lowered risk of serious bleeding. Previously, it has been 
shown that the operative mortality was considerably 
lowered in patients with a preoperative external drain- 
age.” 

Serious complications due to septic cholangitis may oceur 
after endoscopic retrograde cholangiography in patients 
with an obstructed common bile duct.” This complication is 
the "killer" after endoscopic retrograde ductography,' and 
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Fig 2.—Common bile duct tube is coiled up into dilated duct. Fig 3.—Roentgenogram showing Levin tube introduced into 


Examination performed one day after introduction of tube. midpart of duodenum to allow internal drainage of bile 
Fig 4.—Drawing illustrates final results of internal drainage of Fig 5.—Final result of common bile duct tube through one nostril 
common bile duct obstructions. and Levin tube through other. 
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Fig 6.—Serum activity of bilirubin, alkaline phosphatase, and 
y-glutamy! transferas(y-gt) prior to and on days after endoscop- 
ic procedure. Vertical bars indicate SEM, N = 5; closed circles, 
bilirubin; open circles, alkaline phosphatase; and closed trian- 
gles, y-gt. | 5. 


must be handied with an immediate surgical exp oration. 
By using the preseat technique, however, this complication 
might be aveidec, since a sufficient drainage of the 
obstructed cormor bile is maintained. 

From a technical point of view, we may probably 
conclude tha: the lecalization of the tubes by leading them 
through the nostris is of importance in obtaining a safe 
and comfortable position. The importance of the experi- 
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ence of the examiner should also be stressed since the 


procedure described is more difficult than ordinary endo- 
. scopic retrograde ductography. We believe that perfora- 
. tion of the duct must be kept in mind as a possible 


complication. 

Firm conclusions concerning technique, results, and 
complications cannot yet be drawn since the number of 
patients treated by the present method is small We 
believe, however, from our preliminary experience that the 
described technique might be a promising alternative to 
external biliary drainage in the preoperative handling of 
patients with extrahepatic biliary stasis. 

This study was supported by N. A. Stangs Legat. Signy Haglund Bjerke 
illustrated Fig 4. 
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The Thyroid, ed 4, edited by Sidney C. Werner 
and Sidney H. Ingbar, 1,047 pp, 253 illus, $52.50, 
Hagerstown, Md, Harper & Row Publishers Inc, 
1978. 

This is the fourth edition of this 
volume, the editors of which have 
devoted a lifetime to clinical and 
experimental thyroidology. With the 
invention of an ever-increasing num- 
ber of scientific tools uniquely applic- 
able to the study of the thyroid, the 
understanding of the normal and 
pathological physiology of the thyroid 
has grown rapidly since the third 
edition was published in 1971. The 
advances made since publication of 
the third edition have demanded an 
extensively revised edition. 

The book has been essentially 
rewritten. It has more than 1,000 
pages. It is a cohesive presentation of 
all that is known of thyroid physiol- 
ogy. The editors have assembled 73 
contributing authors, each of whom is 
a recognized authority on a particular 
facet of the field. There are more than 
40 new contributors, who give a some- 
what different perspective or a pre- 
sentation of facts unknown at the 
time of the publication of the third 
edition. The editors are known for 
their clear, incisive writings and have 
with few exceptions put their mark of 
excellence on almost all of the presen- 
tations. 

The amount of information on 
suprathyroidal regulatory mecha- 
nisms has been greatly expanded to 
include both new information and a 
clarification of the anterior pituitary 
and hypothalamic regulation. The dis- 
cussion of the crude protein-bound 
iodine determination, which was the 
measure of thyroid hormone at the 
time of the publication of the third 
edition, has been replaced by descrip- 
tions of radioimmunoassays of the 
metabolically active iodinated com- 
pounds thyroxine, triiodothyronine 
(T3), reverse T3 and others. Assays of 
thyroid-stimulating hormone and thy- 
rotropin-releasing hormone of the 
hypothalamus have provided not only 
specific identification, but accurate 
measurement. These more precise 
methods of assay make it possible to 
understand better the particular 
mechanisms that disturb the homeo- 
static regulation of the thyroid and to 
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shed light on the environmental 
factors that influence thyroid hor- 
mone economy. The voluminous litera- 
ture has been culled, so that the bibli- 
ography of each section is highly 
selective and contains only the most 
important contributions. 

The book is well organized. The 
table of contents is unique in enun- 
ciating important headings and sub- 
headings by size and boldness of type, 
as is done in the text. As of this 
writing, the book can serve, as have 
past editions, as a bible for thyroido- 
logists, for endocrinologists, and for 
the surgeon who is particularly de- 
voted to treatment of the thyroid. The 
embryologic and developmental as- 
pects of the thyroid will be of interest 
to the thyroid surgeon who encounters 
a variety of strange and interesting 
anomalies that may mislead the inex- 
perienced. The pathology of the thy- 
roid is presented in a single chapter by 
William Meissner. This is an admira- 
bly concise discussion of what 
amounts to an outline of the surgical 
pathology of the thyroid by an 
outstanding authority. 

Much of the book is written for the 
nonsurgical reader and may have rela- 
tively little appeal to the general 
surgeon who performs an occasional 
thyroid operation, but it should be 
readily available to him because it will 
serve as an excellent, easily usable 
reference. It should be in the library 
of the surgeon who is heavily commit- 
ted to thyroid surgery and who needs 
to know more of the experimental 
baekground and the fine peints of 
pathologie physiology of unusual clini- 
cal situations. 

Relatively little space is given to the 
basis on which a surgical judgment is 
to be made and to the technique to be 
used. Dr Chiu-an Wang's discussion of 
the surgery of neoplasms is good but 
limited, considering the space given to 
some other subjects. Dr Carl Feind's 
description of the surgical approach in 
thyroidectomy reflects the modern, 
meticulous approach that reduces the 
number of complications to a mini- 
mum. 

One might take issue with some 
aspects of the philosophy expressed by 
the editors (pp 576-8), such as their 





M. ren ` 
approach to the problem of what 
should be done about nodules in the 
thyroid. They discuss medical vs 
surgieal therapy for nodules and list 
six alternatives (three that use sup- 
pressive therapy and one merely for 
observation) that may be followed, but 
do not put the emphasis waere it is 
needed most: on the need for individu- 
alization, for making the critical 
observations about a mass, for giving 
weight to the factors of most concern, 
and for avoiding a trial of medical 
management or procréstination . 
where a discrete mass may carry a 
higher risk of being malignant. The 
surgeon must make up his mind 
whether or not to explore a mass. He 
repeatedly has an opportunity during 
an operation to check the accuracy of 
his preoperative judgment, based on 
his interpretation of the physical 
features and related laboratory data. 
The nonsurgical physician is not in a 
position to see and check on his inter- 
pretation. He may therefore be 
inclined to delay his decision for want 
of a clear idea of which nodules should 
be feared. 

There are some statements with 
regard to thyroid nodules that might 
be misleading. The statement is made 
that “undifferentiated carcers are 
uniformly lethal." This is true in the 
case of a rapidly growing lesion that 
has reached great size, but o2casional- 
ly undifferentiated lesions, when 
small and very carefully removed, can 
be cured. The argument that "nonin- 
vasive well-differentiated cancers are 
nonlethal” is not always true. Al- 
though some lesions may ke consid- 
ered to be well differentiated, some of 
these contain small undifferentiated 
areas that are missed or considered 
insignificant. It is those areas that 
determine the potential of the tumor 
and may result in death. The final 
diagnosis is classified as an undiffer- 
entiated lesion, on the basis of the 
subsequent observation, whereas the 
earlier diagnosis of wel -differen- 
tiated cancer, on which clinical man- 
agement was based, is ignozed in the 
final analysis. The authors do admit 
that “about half of the papillary and 
follicular lesions treated medically 
with thyroid ‘escape’ from suppres- 
sion after four or five years.” The 
recognized slow growth, rather than 
escape, of such lesions may well 
explain the delayed reappearance or 
further growth. I believe that too 
much confidence is implied Fere in the 
use of suppressive therapy, which 
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sometimes results n the loss of valu- 
able time. | 

Also, it is stated -hat “it has become 
clear that a microscopic or impalpable 
(< 1 em) occult papillary or follicular 
thyroid eancer does not constitute a 
threat." The fact that such a lesion 
was feund imples that it was 
removed. Af-er removal, the ultimate 
behavior carnot b» known unless it 
has already spread and represents one 
of those numeross examples of a 
demonstrable metestatic deposit from 
such a minute prir-ary. Furthermore, 
it cannot be -mplied that such a lesion 
was dormant, for i. is not known just 
how long that smzll lesion had been 
present. Althougb the answers to 
these problems are not available, the 
rationale for the erguments—how to 
treat nedules—depends on the oppor- 
tunity tc observe -ach actual clinical 
situation anc then follow the outcome 
over many y2ers. 

For any paysicien or surgeon with 
special interest ir the thyroid, the 
book will serve as an up-to-date, easily 
usable reference hat should be at 
hand. It is a pleasare to find a large 
volume se well organized that a reader 
may find his way -o the information 
he seeks with such-ease. 

Brown M. DoBrNs, MD, PHD 
Cleveland 


Neonatal Surgery. ed 2, 9y P. P. Rickham, James 
Lister, and Irene M. rving, 621 pp, $99.95, 
Woburn, Mass, Butterwerth & Co, 1978. 

This second editeon updates a text 
originally published in 1969, which 
described th» proBlems seen at the 
pioneering Liverpcol (England) Neo- 
natal Surgical Centre and the methods 
of management used in that unit. The 
present volume alsc includes the expe- 
rience øf the Unwersity Children’s 
Hospital, Zurich, Switzerland, to 
which Professor Fickham moved in 
1971. The formats ef the two editions 
are quite similar. 

The stated purpcse of the volume is 
"to provide an up-to-date text and 
referenee book for all those concerned 
in the managemen- of the newborn." 
The senior authors surely have the 
credentials to prov.de this, based on 
experience that daces back to before 
the establishment of their first 
regionalized neonazal surgical unit at 
Liverpool in 1953 They have also 
included 20 other contributors from 
the staffs cf the Royal Liverpool, 
Alder Hey, amd he University of 
Zurich children’s hespitals. 
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The book is organized into eight 
major sections. The first is a general 
background, which covers such sub- 
jeets as the incidence and causes of 
congenital defects, neonatal physiol- 
ogy, and the ethics of surgery in the 
newborn. After this come discussions 
of neonatal trauma, of tumors, and of 
conjoined twins. The other six sections 
cover the problems that involve ana- 
tomieal areas of the body, from the 
head and neck to the urogenital 
system. Discussions of cardiac and 
CNS diseases are included, whereas 
discussions of orthopedic anomalies 
are not. 

Much of the book is good and its 
information solid. The coverage of 
congenital diaphragmatic hernia re- 
flects long experience with this often 
calamitous problem. The discussion of 
preoperative and intraoperative man- 
agement is complete. The authors 
note that the worsening survival rate 
is thought to be related to better 
transportation of critically ill infants 
to the surgery units. They do not, 
however, give much space to the diffi- 
cult problems of postoperative man- 
agement of these infants, which today 
are the main therapeutic challenges. 

The repair of esophageal atresia 
with a tracheoesophageal fistula may 
be the favorite task of most pediatric 
surgeons. All aspects of the treatment 
of this anomaly are clearly covered, 
including the increasing emphasis on 
retention of the infant’s own esopha- 
gus, to avoid colonic or gastric interpo- 
sition whenever possible. The isolated 
tracheoesophageal fistula is given a 
single paragraph, with no mention of 
diagnostic criteria for identification 
of it in the neonate. 

The section of neonatal lobar em- 
physema carries the usual caveat 
against bronchoscopy. However, with 
the excellent optical systems available 
today, many might believe that the 
possibility of clearance of endobron- 
chial obstructing lesions through the 
bronchoscope could warrant a trial in 
the operating room before thoracoto- 
my is performed. No consideration is 
given to the nonoperative treatment 
of the infant with this abnormality 
who is not so seriously symptomatic. 

There is a long discussion of heart 
disease in the neonate that contains, 
however, only the briefest mention of 
the role the patent ductus arteriosus 
plays in the complicated respiratory 
distress syndrome of the premature 
infant. No coverage of the criteria 
used in the management decisions 


necessary in these situations is found 
here. In many institutions, this is the 
only congenital heart disease treated 
by the pediatric surgeon. 

The sixth part, which deals with the 
abdominal wall and the alimentary 
and biliary systems, is excellent. All of 
the different thoughts related to the 
embryogenesis and treatment of ab- 
dominal wall defects are well pre- 
sented. The various forms of neonatal 
intestinal obstruction (enteric duplica- 
tions, peritonitis, and enterocolitis) 
are presented in well-organized and 
complete chapters. The discussion of 
management of anorectal abnormali- 
ties is strictly limited to those proce- 
dures actually carried out during the 
newborn period with no real discus- 
sion of the definitive care of the high 
anomaly. 

Hydrocephalus, open myelomenin- 
gocele, and encephalocele are covered 
in moderate detail in a 35-page section 
of the book. Abnormalities of the 
neonatal urogenital system are out- 
lined in a series of short chapters that 
discuss renal function and failure, 
urinary tract infection, indications for 
investigations of the urinary tract in 
the newborn, as well as the specific 
anatomical and funetional problems 
seen during this period of life. This 
section is well written and concise. 

Flashes of old-fashioned English 
medical literary style appear occasion- 
ally throughout the book, but, unfortu- 
nately, most of it reads like a contem- 
porary American textbook. Technical- 
ly, the book is nicely produced with 
readable type, good black and white 
photographs, an appropriate number 
of clearly drawn diagrams, and bet- 
ter-than-usual reproductions of perti- 
nent roentgenograms. There are more 
than 85 pages of references that are 
quite up-to-date. Though a moderate 
number of these are in German- and 
French-language journals, enough re- 
cent English-language publications 
are cited to allow a reader to clarify a 
point adequately. 

This book, despite its good qualities, 
will face considerable competition in 
the US market. Two excellent smaller 
volumes aimed at surgeons who treat 
the neonate have been published 
recently and the long-delayed revi- 
sions of the two major pediatric 
surgery textbooks are about to be- 
come available. This is not a book that 
is likely to appeal to the surgeon who 
only occasionally sees neonatal prob- 
lems. On the other hand, it does not 
contain quite enough information 
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with regard to the difficult complica- 
tions of neonatal surgery to be of 
much help to the full-time pediatric 
surgeon. The final blow may have 
been the devaluation of the dollar, 
which has made this new edition very 
expensive in this country. I suspect 
that all good-sized medical libraries 
will acquire the volume, but that few 
individual surgeons will purchase it. 
C. PETER CROWE, JR, MD 
Tueson, Ariz 


Corscaden's Gynecologic Cancer, ed 5, edited by 
S. B. Gusberg and H. C. Frick, II, 494 pp, $45, 
Baltimore, Williams & Wilkins Co, 1978. 

This fifth edition of Corscaden's 
Gynecologic Cancer is in every sense a 
worthy successor to the four previous 
volumes. Scholarship of the highest 
order has gone into its preparation. 
One of the outstanding features is the 
comprehensive bibliography at the 
end of each chapter or section, and 
another is the thorough discussion of 
the etiology and epidemiology of each 
of the various gynecologie cancers. 
The index is perhaps a bit abbre- 
viated, but this can be forgiven and 
should not prove a major drawback in 
a book as specialized as this one. 

The two principal authors and 
coeditors, both of whom pursued their 
graduate training under the guidance 
of Dr Corscaden, are experienced 
gynecologic oncologists, well known 
for their investigative as well as ther- 
apeutic efforts in a number of areas in 
the field. Furthermore, they have 
selected a group of 16 contributing 
authors with special interests and 
expertise in certain tumors or modali- 
ties of investigation and therapy to 
discuss in detail their favorite sub- 
jects. Thus, the already-established 
reputation of this classic text is furth- 
er enhanced by the high quality of the 
additional chapters contributed by 
this group of experts. 

Opening chapters introduce the 
reader to the nature and scope of the 
problem of gynecologic malignancy as 
well as to the diagnostic techniques 
currently available for its early recog- 
- nition and proper management. In 
addition to chapters covering each of 
the important groups of malignant 
gynecologic tumors, there are sepa- 
rate chapters on the endocrinologic 
and immunologic aspects of gyneco- 
logic cancer. Therapy is discussed in 
relation to each tumor, and there are 
also chapters on the principles of both 


868 Arch Surg—Vol 114, July 1979 


radiotherapy and chemotherapy. Fi- 
nally, an excellent concluding chapter 
on biostatistics concisely provides the 
basic understanding of this subject 
needed when one sets out to design 
and evaluate a controlled therapeutic 
experiment or clinical trial or when 
one attempts to evaluate the reported 
results of others. Thus, the coverage 
of the various topics is in every sense 
complete, up to date, and authorita- 
tive. 

This new edition certaink should 
prove to be a useful addition to the 
library of physicians involved in the 
care of women with gynecologic 
cancer, be they gynecologic surgeons, 
radiotherapists, or medical oncolo- 
gists, as well as a helpful reference 
work for students and residents in 
training in this field. 

THOMAS H. GREEN, JR, MD 
Boston 


Color Atlas of Gynecological Surgery. vol 1 and 2, 
by David H. Lees and Albert Singer, vol 1-224 
pp, vol 2—288 pp, Chicago, Year Book Medical 
Publishers Ine, 1978. 

The written text concerned with 
each procedure to be illustrated 
graphically is excellent. Whether one 
agrees with the need for a given oper- 
ation is not germane. The authors’ 
discussion of rationale for various 
operations is usually properly docu- 
mented, in that this is a description of 
a technical procedure and not neces- 
sarily the author’s choice of procedure 
for the given condition. 

An excellent range of nonmalignant 


= gynecologic disease is presented; how- 


ever, too much space seems to be 
allotted to most of the procedures. It is 
not necessary to spend 19 excellent 
photographs to describe a dilation and 
curettage. It is not necessary to treat 
the management of each broad liga- 
ment pedicle separately when the 
technical procedure is merely a dupli- 
cation. In the United States, at least, 
the Manchester (Fothergill) operation 
has not been given the degree of 
exposure allotted to it in this text. 
With very few exceptions, th:s opera- 
tion is neither taught nor practiced. 

Vaginal surgery is presented beau- 
tifully. Advantages, dangers, and 
technical points are well described. 
Comments and descriptions are perti- 
nent and authoritative. Their own 
modification of the Aldridge sling 
operation for stress incontinence is a 
contribution to the literature. 

These two volumes successfully 


"eu 


present excellent photographic paral- 
lels to the written text. It seems that 
there is no need to attempt cinemato- 
graphie descriptions in still photo- 
graphs. Also, although the photogra- 
phy is superb, there is little need for 
an extensive portrayal of a procedure 
that has been replaced by another 
treatment. Line drawings where used 
albeit infrequently, are extremely 
informative, as in their description of 
vesicovaginal fistula repair. Except 
for the excellence of graphic por- 
trayal, there should be little need to 
devote 42 pages and 63 photographs to 
the description of opening and closing 
the abdomen. 

The authors may have succeeded in 
their efforts to aid a house officer to 
understand technique and to prepare 
himself to assist or undertake gyneco- 
logie procedures. However, the task 
could be made equally effective by 
reducing the number of elaborate 
photographs. Mere mention or even 
elimination of procedures that have 
become obsolete or are performed in 
rare instances would make the atlas 
more attractive. This is a current-use 
atlas, not a histological text. 

The atlas treatment of basic gyne- 
cological surgical procedures such as 
developing exposure, care of adhe- 
sions to adjacent structures, respect 
for and handling of the ureter, and 
mindful technique is viewed very 
favorably. The inclusion of current 
additions to the gynecologic arma- 
mentarium such as cyrosurgery and 
laparoscopy and some of their uses are 
valuable. In general, the atlas pre- 
sents a conservative approach to 
gynecological surgery in a much more 
elaborate fashion than is necessary to 
be an aid; in fact, this may detract 
from its overall value. 

SAMUEL D. SOULE, MD 
St Louis 


Cardiovascular System Dynamics, edited by Jan 
Baan, Abraham Moordergraaf, and Jeff Raines, 
618 pp, $70, Littleton, Mass, The MIT Press, 
1978. 


This book is a compilation of 62 
manuscripts presented at an Interna- 
tional Cardiovascular System Dynam- 
ies Conference in April 1975. Acknowl- 
edged authorities in cardiovascular 
investigation have presented a status 
report in areas from "Molecular Mech- 
anisms of Muscle Contraction” and 
"Myocardial Sarcomere Mechanics” to 
"Clinieal Coronary Perfusion" and 
"Coronary Artery Bypass Surgery." 


Books 


In each ef 12 sections, including 
cardiac muscle. coronary circulation, 
ventricular cynamres, microcircula- 
tion, pulmonary vassulature, systemic 
veins, vaseular cortrol mechanisms, 
and cardievascular system control, the 
reader is thcughtfally led from the 
very basie to the very clinical. 
Threughout, an emphasis is placed 
on a practieal srmbbsis between engi- 
neering and mediciae. Most presenta- 
tions are quite readable and even 
comprehensible to the interested car- 
diovascular clinician. One of the 
strong points of tais volume is the 
inclusion of a discussion following 
each paper. Moderators such as Drs 
Sonnenblick, Austea, Covell, Noorder- 
graaf, Fishman, Permut, and Raines 
have emphasized the import, identi- 
fied the uncertain ies, and outlined 
the sigmificance of 2ach presentation. 
Thoughtful discussion by all of the 
participants subs.antially comple- 
ments each report. . 
Competition in this physiologie 
arena is eurrently tiff, for volumes 1 
and 2 of the Hanabook of Physiology 
(Circulation) has jast been published 
this spring (1979) Indeed, there is 
substantial »verla» in participants. 
The interested careiovascular investi- 
gator and/or dinican with a bioengi- 
neering bent is en ouraged to pursue 
this worthwhile vosume of Cardiovas- 
cular System Dyncmics, however. 
ALDEN H. HARKEN, MD 
Philedelphia 


Venous Prebiems, edited by John J. Bergan and 
James S. T. Yeo, 613 ep, Chicago, Year Book 
Medical Publishers Inc, 1978. 


It weuld be dificult to render an 
adverse review of a book dedicated to 
one of the zreat mames in vascular 
surgery, Geza de Takats. But this 
reviewer intended to do that after he 
began this book, Venous Problems, 
edited by Jchn J. Bergan and James 
S. T. Yao, some months ago. At that 
time, I found it cumbersome, extreme- 
ly diffieult tc fobow, and therefore 
most uninspiring. However, the book 
is a composite vollection of brief 
papers given at a symposium in Chica- 
go to honor Dr de Takats, and for this 
reason, representssmultiple fragments 
of topie and style. In this is the great 
weakness of the beok and the mistake 
this reviewer mace with it by trying 
to read it in several consecutive 
sessions. 

Discouraged, the book was put aside 
since a truly negetive review did not 
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have much appeal However, the 
strength of the book appeared when I 
readdressed it over the course of 
several months more leisurely. This is 
because the book actually is an excel- 
lent one if it is approached as a refer- 
ence source and not as a textbook. The 
book is a superb and updated collec- 
tive review of all the facets of venous 
problems, mainly of the legs. It is well 
organized into subsections involving 
various aspects of venous problems. 
Discussions of the symposium presen- 
tations follow each group of three or 
four "mini-chapters" and each of the 
mini-chapters is very well referenced. 
Of particular interest is the final 
subsection on prophylaxis of deep 
venous thrombosis, bringing this dif- 
fieult subject into the sharp focus of 
faet vs fiction. 

This is a very good, if not excellent, 
book for one interested in becoming 
up to date in the problems of venous 
disease. It also will be useful as a 
starting point for one wishing to 
explore more deeply one particular 
aspect of venous problems by provid- 
ing an overview and source material 
for further study. It also is a fitting 
tribute to a very great man. 

WILLIAM M. ABBOTT, MD 
Boston 


Books Received But Not Reviewed 


Circulatory Diseases of the Limbs: A Primer, by 
David Abramson, New York, Grune & Stratton 
Inc, 1978. 


Pathology of Tropical and Extraordinary Dis- 
eases. vol 1 and 2, edited by Chapman Binford and 


Daniel Connor, Washington, DC, Armed Forces . 


Institute of Pathologv, 1976. 


Manuel de Chirurgie Buccale, by Christian Biou, 
Paris, Masson, 1978. 


Radiculosaccography with Water-Soluble Con- 
trast Media, by P. Capesius and E. Babin, New 
York, Springer-Verlag, 1978. 


Reagents for Organic Synthesis, by Louis Fieser 
and Mary Fieser, New York, John Wiley & Sons 
Inc, 1967. 


Seasonal Variations in Body Fluids and Electro- 
lytes, by Saroj Gupta, Banaras, India, Banaras 
Hindu University, 1977. 


The Radiology of Acute Cervical Spine Trauma, 
by John Harris, Baltimore, The Williams & 
Wilkins Co, 1978. 


Progress in Orthopaedic Surgery, vol 3, The Knee: 
Ligament and Articular Cartilage Injuries, edited by 
D. E. Hastings, New York, Springer-Verlag, 
1978. 


Actualitiés Chirurgicales, vol 1-4, edited by J.-Cl. 
Patel, Paris, Masson, 1978. 


The Veins of the Posterior Fossa, by A. 
Wackenheim and J. Braun, New York, Springer- 
Verlag, 1978. 


Surgical Pathology Case Studies, vol 1 and 2, by 
Majid Ali, A. Olusegun Fayemi, and Evalynne V. 
Braun, Garden City, NY, Medical Examination 
Publishing Co Ine, 1978. 


The Biology of the Pig, by Wilson G. Pond and 
Katherine A. Houpt, Ithaca, NY, Comstock 
Publishing Associates, 1978. - 


Les Voies d'Acces Vasculaires en Vue d'Hemodia- 
lyse, by V. di Marino, Paris, Masson, 1978. 


Notebook of Medical Physiology: Endocrinology. 
by Ross W. Hawker, New York, Churchill- Liv- 
ingstone, 1978. 


Cervical Pathology and Colposcopy, edited by 
E. Burghardt, E. Holzer, and J. A. Jordan, PSG 
Publishing Co, Littleton, Mass, 1978. 


Craniotomography: An Atlas and Guide, by Klaus 
Reisner and Jochen Gosepath, Stuttgart, Georg 
Thieme Publishers, 1977. 


Chronic Hemodialysis as a Way of Life, by J. W. 
Czaczkes and A. Kaplan De-Nour, New York, 
Brunner/ Mazel Publishers, 1978. 


Textbook of Surgery, ed 4, edited by David A. 
MacFarlane and Lewis P. Thomas, New York, 
Churchill-Livingstone, 1977. 


Clinical Anatomy of the Heart, by Robert 
Walmsley and Hamish Watson, New York, 
Churchill-Livingstone, 1978. 


Manuel de Chirurgie Orthopedique et de Reeduca- 
tion de Pied, by H. Voutey, Paris, Masson, 1978. 


Techniques de Chirurgie Pediatrique, by 
D. Pellerin, Paris, Masson, 1978. 


The Blood Supply of the Vertebral Column and 
Spinal Cord in Man, by H. V. Crock and H. 
Yoshizawa, New York, Springer-Verlag, 1977. 


Local Anesthetics, ed 2, by Rudolph H. de Jong, 
Springfield, Ill, Charles C Thomas Publisher, 
1977. 


The First European Seminar on Computerized 
Axial Tomography in Clinical Practice, by G. H. du 
Boulay and I. F. Mosely, New York, Springer- 
Verlag, 1977. 


The Psychological Rehabilitation of the Amputee, 
by Lawrence W. Friedman, Springfield, Ill, 
Charles C Thomas Publisher, 1978. 


Physiology for the Anesthesiologist, by Nishan G. 
Goudsouzian and Agop Karamanian, New York, 
Appleton-Century-Crofts, 1977. 


Malignant Hyperthermia: Current Concepts, by 
Ernest O. Henschel, New York, Appleton- 
Century-Crofts, 1977. 


Pheochromocytoma, by William M. Manger and 
Ray Gifford, Jr, New York, Springer-Verlag, 
1977. 


Surgical Oncology Case Studies, by H. Mason 
Morfit and Erick R. Ratzer, New York, Medieal 
Examination Publishing Co Inc, 1978. 


Operative Surgery, by Charles Rob and Rodney 
Smith, London, Butterworths & Co, 1977. 


Atlas of Vaginal Surgery, by Guelfo Sani and 
Leon Kos, New York, John Wiley & Sons Ine, 
1977. 


Immunology for the Practicing Physician, by Jon 
R. Schmidtke and Ronald M. Ferguson, New 
York, Plenum Press Inc, 1977. 


Surgical Diagnosis, ed 3, by Philip Thorek, 
Philadelphia, JB Lippincott Co, 1977. 


Human Joints and Their Artificial Replacements, 
by Peter S. Walker, Springfield, Ill, Charles C 
Thomas Publisher, 1977. 
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Calendar of Events 


1979 


July 


Gastrointestinal Surgical Update, Albuquerque, 
NM, July 26-28, Albuquerque Hilton Inn. 
Contact: Continuing Medical Education, North 
Campus, Bldg M-2, Albuquerque, NM 87131. 


September 


American Association of Obstetricians & Gyne- 
cologists, Sept 5-8, The Homestead, Hot 
Springs, Va. For information contact Secreta- 
ry, Dr E. L. Makowski, 4200 E Ninth Ave, 
Denver, CO 80220. 

Second Biennial Leadbetter Symposium, “‘Sex- 
ual Dysfunction and Reproductive Biology,” 
Sept 6-8, University of Minnesota. For informa- 
tion contact U of Minnesota Continuing Medi- 
cal Education, Box 293 Mayo Memorial Bldg, 
Minneapolis, MN 55455. 

American Association for the Surgery of Trau- 

ma, Sept 13-15, Drake Hotel, Chicago. 

Symposium on Vascular Surgery, Sept 24-26, 
1979, The Fairmont Hotel, Denver. Contact 
office of Postgraduate Medical Education, 
University of Colorado School of Medicine, 
4200 E Ninth Ave, Denver, CO 80262. 


October 


Association of Military Surgeons of the US, Oct 
2-6, San Diego. For information contact Exec 
Dir W. Welham, MC USN Ret, PO Box 104, 
10605 Concord St, Kensington, MD 20795. 

American Academy of Otolaryngology, Oct 7-11, 
Convention Center, Dallas. Exec VP: C. M. 


Kos, MD, 15 Second St SW, Rochester, MN 
55901. 

American Society for Plastic and Reconstruc- 
tive Surgery, Oct 7-12, Toronto. Contact 
ASPRS Executive Office, 29 E Macison, Suite 
800, Chicago, IL 60602. 

Topics in. Gastroenterology and Liver Disease: 
Medical and Surgical Aspects, Oct 11-13, 
1979, The Johns Hopkins Medical Institutions, 
Baltimore, MD. Contact Office of Continuing 
Education, Rm 22, 720 Rutland Ave, Balti- 
more, MD 21205. 

American Society of Anesthesiologists, San 
Francisco, Oct 20-24. Contact the executive 
secretary, J. W. Andes, 515 Busse Hwy, Park 
Ridge, IL 60068. 

American College of Surgeons, Oct 22-26, 
Chicago. Contact Edwin Gerrish, MD, ACS, 55 
E Erie St, Chicago, IL 60611. 


November 


American College of Chest Physicians, Nov 4-8, 
Houston. Contact ACCP, 911 Busse Hwy, Park 
Ridge, IL 60068 

Symposium: The Biology and Management of 
Surgical Wounds, Nov 8-9, 1979, New York 
Hospital-Cornell Medical Center, Mew York. 
Contact Peter Dineen, MD, Department of 
Surgery, New York Hospital-Corne!! Medical 
Center, 1300 York Ave, New York, NY 10021. 

Western Surgical Association, Nov 11-14, The 

Broadmoor, Colorado Springs, Colo. Contact 
Secretary Paul Hodgson, MD, University of 
Nebraska, Omaha, NE 68105. 

Association for Academic Surgery, Nov 13-15, 
Bond Court Hotel, Cleveland. For information 
contact Secretary, E. Sugarbaker, MD, Univer- 
sity of Miami School of Medicine PO Box 
016310, Miami, FL 33101. 





News and 
Announcements 


News and Announcements: The Edi- 
tor will be pleased to receive for publi- 
cation brief notices of meetings, semi- 
nars, or symposia which are of inter- 
est to the readers of the Archives. News 
items of appointments, promotions 
and developments in the field of 
surgery and related disciplines are 
invited. 


Dr Frank N. Cochems Competition.— 
The University of Colorado School of 
Medicine announces the 15th annual 
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Cochems Competition. A prize of 
$2,500 will be awarded to the author of 
the best paper concerning “throm- 
bophlebitis and basic vascular prob- 
lems.” It should be concerned with the 
mechanisms or processes of vascular 
disease, particularly thrombosis, but 
not restricted to it. Eligibility is 
limited to physicians subject to US 
income tax regulations. Entries must 
be received in triplicate on or before 
Nov 30, 1979. Inquiries regarding the 
competition and all manuscripts 
should be submitted to the Dean, 
School of Medicine, University of 
Colorado Medical Center, 4200 East 
Ninth Ave #C-290, Denver, CO 
80262. 


Calendar/News 


INDEX TO ADVERTISERS 


Endo Laboratories 776-777, 809-814 


G 


Gore, W.L., & Associates 793-797 


M 


Narco Pilling 


Roche Laboratories .......... 2nd Cover-762 
Ross «Baberatories ............ eem eres 168 


Stimtech, Inc. 
Div. of Johnson & Johnson ... 836-837 


While every precaution is taken to insure accuracy, 
we cannot guarantee against the possivility of an 
occasional atn ge or omission in the preparation of 
this index. 





Stay informed 


of the advances in 
sports medicine 


AMA Fitness and 
Sports Publications 


Medical health eare for athletes can be only as beneficial 
as it is current. With the more sophisticated perform- 
ances which are evident in all fields of sport, it is vital 
that you remain abreast of recent developments in 





sports medicine. 


The AMA Fitness and Sports Publications will enable you 
to provide the sound health care and supervision necessary 
to keep pace wEh medical problems unique to sports. 

You will find them to be extremely helpful for treating 

your sports-mirded patients, whether they are week-end 
warriers, professionals, or young superstar hopefuls. 
Compiled by medical sports authorities, these references 
will help you to further optimum health care practices in 


the medical sports arena. 


PUBLICATIONS 


t. 


Sports and Physical Fitness: JAMA Questions and 
Answers (OP-274) $1.50 

Readily accessible guide on physical fitness and 
sports medicine. Significant questions concerning 
athletics and exercise programs in relation to spe- 
cific ailments and injuries are fully explored and 
answerec. 


. Standard Nomenclature of Athletic Injuries 


(OP-043) $2.0C 

From "Abrasicn" to "Zygomatic Arch Fracture", 
medical terms commonly used to describe athletic 
injuries and il nesses are precisely defined. Defini- 
tions explain: additional terms, etiology, symptoms, 
Signs, complications, laboratory data, x-rays, path- 
ology. 


. Medical Evaluetion of the Athlete--A Guide 


(OP-209) $.80 

Pamphlet sets forth medical guidelines intended to 
provide optimal health protection for athletes, in- 
cluding disqueifying physical conditions for sports 
participation. Sample forms furnished. 


. Comments in Sports Medicine 


(OP-062) $5.00 

Concise ilustsmted review of current sports medi- 
cine ‘ssues which depicts sound health and safety 
practices as well as unproven or harmful health 
habits. Vo.ume covers such topics as: rehabilitation, 
female  sthleics, androgenic-anabolic steroids, 
sports safety quackery, injuries, communicable 
disease. 


9. The Medical Aspects of Sports: 16 
(OP-452) $2.00 
Compilation of articles by sports medicine authori- 
ties features: athletic diet programs, sports medi- 
cine programs, effects of steroid drugs on cartilage 
and tendons, sports injury reports, female sports 
medicine. 


6. The Humanistic and Mental Health Aspects of Sports, 
Exercise and Recreation (OP-459) $7.50 
In-depth discussion of controversial issues sur- 
rounding organized sports and recreational physical 
activity programs. Presents: competitive preadoles- 
cent sports emotional pressure, human aggression, 
leisure life patterns, programs for the handicapped, 
exercise for adults. 


7. Fundamentals of Athletic Training, Second Edition 
(OP-366) $3.00 
Basic illustrated reference covers the athletic train- 
ers role in the health supervision of athletes. Con- 
tents include: physical fitness, nutrition, mental 
readiness, drug use and abuse, protective equip- 
ment, first aid. 


TO ORDER: 

Write Order Department, American Medical Associ- 
ation, 535 N. Dearborn, Chicago, IL. 60610. Please 
specify title, OP number, and include payment with 
your order. Thank you. 
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“Colace means escape —from laxative 
"from laxative habit.-Colace gently 
helps soften stools:for:easy, painless, 
unstrained elimination. It's the great: 
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normal reactions to the challenges faced in the 

A in all illnesses. " In this setting the patient's pre- 
| | é tl ! E programs. 
mental challenge are influenced Ba b-ain centers 
bala 

The overwhelming fear reaction i 
“no-go” system rrepares the 
Sustained tension revea. 


g a i 
New insi hts on New respect for mind-body interaction 
For the post-op patient, stress and anxiety are 
e 
mind-bod new environment. In the critical care unit, phys} 
cians and nurses who routinely evaluate cardiov 
- cular, renal and pulmonary function are develop 
re ations IDS ing a new respect for the mind-body relationshi] 
vicus life experiences and coping style serve as | 
basis for planning and implementing treatment 
a 
DOS(-O erative The physiological basis of fear and tensio! 
at i en According to one theory, reactions to environ- , 
D organized through reciprocally nced systems 
called trophotropic and ergotropic. 
a good example of t-ophotropic 
ominance, wherein this 

patient for withdrawal and 

conservation cf energy. 

dominance by the 
A ergotropic system, 
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the “go” systema integrating functions that prepare 
the individual for positive action. 


, The effects of high levels of CNS stimulation 


At high degrees of CNS arousal, patients experi- 
ence either maladaotive and sustained anxiety or 
anxious and ag tated depression. These crises re- 
flect simultaneous 2rgotropic (approach) and 
trophotropic (avoicance) discharge." 


How post-op patients can benefit from 
Valium (diazepam) 
Major surgery is almost always severely stressful, 
-from both psycaological and physiological points 
of view. The us? of psychoactive drugs is often an 
important means by which physicians can make 
the situation more tolerable for the patient. 
. Vakum is en excellent choice. It works effec- 
tively tc calm the tense, overanxious patient and 
to reduce his amxie*y to more manageable levels. 


Rehabilitation can Start sooner 

If the post-op patient feels anxious and 
fearful it might be difficult -o 
initate rehabilitation. The 
psychotherapeutic 










Ve lazepam) 


effect of Valium (diazepam) can help because it's 
so prompt: quite often the patient experiences sig- 
nificant relief of emotional distress during the first 
few days of therapy and is, therefore, ready that 
much sooner to take a more active part in his own 
recovery. 


A dosage regimen for every need 


Available in three tablet strengths and-injectable 
form, Valium allows you to set, adjust and 
readjust dosage to gain optimum response. The 
2-mg strength one or two a day is appropriate for 
milder symptoms and for geriatric patients; 5 mg 
b.i.d. or t.i.d. for moderate symptoms; and 10 mg 
b.i.d. or t.i.d. for the more severe. And because 
it's supplied in scored tablets, dosages of Valium 
are easily increased depending on the patient's 
individual and changing needs. 

It's often helpful to add an h.s. dose to a b.i.d. 
or t.i.d. regimen if the patient's anxiety worsens at 
bedtime. Valium can reduce these symptoms and 
encourage sleep. Of course, therapy with Valium 
should be discontinued when symptoms have 
been reduced to tolerable levels. 

In recommended doses, Valium is relatively 
safe and well tolerated. Adverse reactions more seri- 
ous than drowsiness, fatigue and ataxia are rare. 

When the post-surgical patient returns home, 
oral Valium can continue to reduce any excessive 
anxiety which may be interfering with recovery, 
rehabilitation and return to normal activities. 


*For more details on the mind-body relationship, refer to Kiely WF: 
JAMA 235(25):2759-2761, June 21, 1976. 

*As reported in animal studies by Hess WR: The Functional Organ- 
ization at the Diencephalon, New York, Grune & Stratton Inc., 1958, 
and expanded by Kiely WF (see reference above). 
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Tel-E-Dose" Reverse-Number Packs 
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for a response you know 
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Before prescribiag, please see following page for a summary of product information. 
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Before prescribing, please consult complete product information, a summary of 
which follows: 
Indications: Tension and anxiety states; somatic complaints which are concomi- 
tants of emotional factors; psychoneurotic states manifested by tension, anxiety, 
apprehension, fatigue, depressive symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute delirium tremens and hallucinosis due 
to acute alcohol withdrawal; adjunctively in: relief of skeletal muscle spasm due to 
reflex spasm to local pathology; spasticity caused by upper motor neuron disorders: 
athetosis; stiff-man syndrome. Oral form may be used adjunctively in convulsive 
disorders, but not as sole therapy. Injectable form may also be used adjunctively in: 
status epilepticus; severe recurrent seizures; tetanus; anxiety, tension or acute 
stress reactions prior to endoscopic/surgical procedures; cardioversion. 
The effectiveness of Valium (diazepam) in long-term use, that is, more than 4 
months, has not been assessed by systematic clinical studies. The physician 
should periodically reassess the usefulness of the drug for the individual patient. 
Contraindications: Tablets in children under 6 months of age; known hypersensi- 
tivity; acute narrow angle glaucoma; may be used in patients with open angle 
glaucoma who are receiving appropriate therapy. 
Warnings: As with most CNS-acting drugs, caution against hazardous occupations 
requiring complete mental alertness (e.g., operating machinery, driving). With- 
drawal symptoms (similar to those with barbiturates, alcohol) have occurred follow- 
ing abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, vomit- 
ing, sweating). Keep addiction-prone individuals (drug addicts or alcoholics) under 
careful surveillance because of predisposition to habituation/dependence. 

Usage in Pregnancy: Use of minor tranquilizers during first trimester 

should almost always be avoided because of increased risk of congenital 

malformations, as suggested in several studies. Consider possibility of 

pregnancy when instituting therapy; advise patients to discuss therapy 

if they intend to or do become pregnant. 
ORAL: Advise patients against simultaneous ingestion of alcohol and other CNS 
depressants. 
Not of value in treatment of psychotic patients; shóuld not be employed in lieu of 
appropriate treatment. When using oral form adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand mal seizures may re- 
quire increase in dosage of standard anticonvulsant medication; abrupt withdrawal 
in such cases may be associated with temporary increase in frequency and/or 
severity of seizures. 
INJECTABLE: Jo reduce the possibility of venous thrombosis, phlebitis, local irrita- 
tion, swelling, and. rarely, vascular impairment when used I.V.: inject slowly, taking 
at least one minute for each 5 mg (1 ml) given; do not use small veins, i.e., dorsum 
of hand or wrist; use extreme care to avoid intra-arterial administration or extravasa- 
tion. Do not mix or dilute Valium with other solutions or drugs in syringe or infusion 
flask. If it is not feasible to administer Valium directly I.V., it may be injected slowly 
through the infusion tubing as close as possible to the vein insertion 
Administer with extreme care to elderly, very ill, those with limited pulmonary re- 
serve because of possibility of apnea and/or cardiac arrest; concomitant use of 
barbiturates, alcohol or other CNS depressants increases depression with increased 
risk of apnea: have resuscitative facilities available. When used with narcotic 
analgesic eliminate or reduce narcotic dosage at least 1/3, administer in small 
increments. Should not be administered to patients in shock, coma, acute alcoholic 
intoxication with depression of vital signs. 
Has precipitated tonic status epilepticus in patients treated for petit mal status or 
petit mal variant status. | 
Withdrawal symptoms (similar to those with barbiturates, alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, abdominal/muscle cramps, 
vomiting, sweating). Keep addiction-prone individuals under careful surveillance 
because of predisposition to habituation/dependence. Not recommended for OB 
use. 
Efficacy’safety not established in neonates (age 30 days or less); prolonged CNS 
depression observed. In children, give slowly (up to 0.25 mg/kg over 3 minutes) to 
avoid apnea or prolonged somnolence; can be repeated after 15 to 30 minutes. If no 
relief after third administration, appropriate adjunctive therapy is recommended. 
Precautions: If combined with other psychotropics or anticonvulsants. carefully 
consider individual pharmacologic effects—particularly with known compounds 
which may potentiate action of Valium (diazepam), /.e.. phenothiazines, narcotics, 
barbiturates, MAO inhibitors and antidepressants. Protective measures indicated in 
highly anxious patients with accompanying depression who may have suicidal ten- 
dencies. Observe usual precautions in impaired hepatic function; avoid accumula- 
tion in patients with compromised kidney function. Limit oral dosage to smallest 
effective amount in elderly and debilitated to preclude ataxia or oversedation (ini- 
tially 2 to 2% mg once or twice daily, increasing gradually as needed or tolerated). 


5 mg/ml 


2-ml Tel-E-Ject^disposable syringes 
2-ml ampuls 
IO-ml vials 


INJECTABLE Although promptly controlled, seizures may return; readminister if 
necessary; not recommended for long-term maintenance therapy. Laryngospasm, 
increased cough reflex are possible during peroral endoscopic procedures; use 
topical anesthetic, have necessary countermeasures available. Hypotension or 
muscular weakness possible, particularly when used with narcotics, barbiturates or 
alcohol. Us lower doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Side effects most commonly reported were drowsiness, fatigue, 
ataxia. Infrequently encountered were confusion, constipation, depression, dip- 
lopia, dysarthria, headache, hypotension, incontinence, jaundice, caanges in 
libido, nausea, changes in salivation, skin rash, slurred speech, tresor, urinary 
retention, vertigo, blurred vision. Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spasticity, insomniz, rage, sleep 
disturbances and stimulation have been reported; should these occur, discontinue 
drug. 

Because of isolated reports of neutropenia and jaundice, periodic bbod counts, 
liver function tests advisable during long-term therapy. Minor changes in EEG pat- 
terns, usually low-voltage fast activity, have been observed in patients during and 
after Valium (diazepam) therapy and are of no known significance. 

INJECTABLE: Venous thrombosis/phlebitis at injection site, hypoactivity, syncope, 
bradycardia. cardiovascular collapse, nystagmus, urticaria, hiccups neutropenia. 
In peroral endoscopic procedures, coughing, depressed respiration, dyspnea, 
hyperventilation, laryngospasm/pain in throat or chest have been reported. 

Dosage: Incividualized for maximum beneficial effect. 

ORAL—Adu.ts: Tension, anxiety, psychoneurotic states, 2 to 10 mg bid. tog.i.d.: 
acute alcohol withdrawal, 10 mg t.i.d. or q.i.d. in first 24 hours, then 5 mg t.i.d. or 
q.i.d. as needed; adjunctively in skeletal muscle spasm, 2 to 10 mg t i.d. or q.i.d.; 
adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatwc or debilitated 
patients: 2 to 2¥2 mg 1 or 2 times daily initially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2V» mg t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 

INJECTABLE: Usual initial dose in older children and adults is 2 to 20 mg I.M. or I.V., 
depending on indication and severity. Larger doses may be required in some condi- 
tions (tetanus). In acute conditions injection may be repeated within 1 hour, al- 
though interval of 3 to 4 hours is usually satisfactory. Lower doses (usually 2 to 5 
mg) with sic dosage increase for elderly or debilitated patients and when sedative 
drugs are acded. (See Warnings and Adverse Reactions.) 

For dosages in infants and children see below; have resuscitative fac lities available. 
I.M. use: by deep injection into the muscle. 

IV. use: inject slowly, take at least one minute for each 5 mg (1 ml) gwen. Do not use 
small veins, i.e., dorsum of hand or wrist. Use extreme care to avoid intra-arterial 
administration or extravasation. Do not mix or dilute Valium with other solutions or 
drugs in Syrnge or infusion flask. If it is not feasible to administer Varum directly 
L.V., it may be injected slowly through the infusion tubing as close as possible to the 
vein insertion. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and severe psychoneu- 
rotic reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if necessary; acute 
alcoholic withdrawal, 10 mg I.M. or I.V. initially, then 5 to 10 mg in 3 te 4 hours if 
necessary. Muscle spasm, in adults, 5 to 10 mg I.M. or I.V. initially, then 5 to 10 mg 
in 3 to 4 hours if necessary (tetanus may require larger doses); in ch Idren, adminis- 
ter I.V. Slowly; for tetanus in infants over 30 days of age, 1 to 2 mg I.M. or I.V., repeat 
every 3 to 4 hours if necessary; in children 5 years or older, 5 to 10 mg repeated 








.every 3 to 4 nours as needed. Respiratory assistance should be avai able. 


Status epilepticus, severe recurrent convulsive seizures (I.V. route preferred), 5 to 10 
mg adult dose administered slowly, repeat at 10- to 15-minute intervels up to 30 mg 
maximum. Repeat in 2 to 4 hours if necessary keeping in mind poss bility of 
residual active metabolites. Use caution in presence of chronic lung disease or 
unstable cardiovascular status. Infants (over 30 days) and children (under 5 years), 
0.2 to 0.5 mg slowly every 2 to 5 min., up to 5 mg (I. V. preferred). Crildren 5 years 
plus, 1 mg every 2 to 5 min., up to 10 mg (slow I.V. preferred); repeat in 2 to 4 hours 
if needed. EEG monitoring may be helpful. 

In endoscopic procedures, titrate I. V. dosage to desired sedative response, generally 
10 mg or less but up to 20 mg (if narcotics are omitted) immediately prior to 
procedure; i: |.V. cannot be used, 5 to 10 mg I.M. approximately 30 minutes prior to 
procedure. As preoperative medication, 10 mg |.M.; in cardioversion, 5 to 15 mg I. V. 
within 5 to 12 minutes prior to procedure. Once acute symptomatology has been 
properly cortrolled with injectable form, patient may be placed on oral form if 
further treatment is required. 

Management of Overdosage: Manifestations include somnolence, confusion, 
coma, diminished reflexes. Monitor respiration, pulse, blood pressurs; employ gen- 
eral support ve measures, I.V. fluids, adequate airway. Use levartererol or 
metaramino for hypotension, caffeine and sodium benzoate for CNS -depressive 
effects. Diaivsis is of limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg, bottles of 100 and 500; Tel-E-Dose* (unit 
dose) packages of 100, available in trays of 4 reverse-numbered box2s of 25, and in 
boxes conta ning 10 strips of 10; Prescription Paks of 50, available singly and in 
trays of 10. ^ mpuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject® (dispos- 
able syringes), 2 ml, boxes of 10. Each ml contains 5 mg diazepam, compounded 
with 40% propylene glycol, 10% ethyl alcohol, 5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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each ager: possessing slightly greater activity thar the serious skin, bone, and soft-tissue infections, 


including burns 
caused by susceptible strains of the following 
microorganisms: Pseudomonas aeruginosa, 
Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity. 

An investigator has studied the urinary 
excretion of alanine aminopeptidase, a principal 
enzyme of the brush-border membrane of the proximal 
tubule? Levels of the enzyme become elevated in the 
urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
glycosides (administered for three consecutive days) on the excretion 
of tis enzyme by healthy humans, tobramycin appeared to have a 
min mum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity.) The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents, and those with poor host resistance 
are ct special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients).4 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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- tobramycin sulfate 





Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. x 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. | 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy —Safety of this product for use during pregnancy has 
not been established. — 





Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 
Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter Sp., and staphylococci, 
including Staphylococcus aureus (coagulase-positive and coagulase-negati ve). 

Nebcin is indicated in the treatment of septicemia; central-nervous-system 
infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 
gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 


the causative organisms are not susceptible to antibiotics having less potential toxicity. 


Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacteria! susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. Y 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administeredto 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 
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Adverse Reactions: Nephrotoxicity — Renal function changes, as shown 3y rising 
BUN, NPN, anc serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have been reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommenced. 

Neurotoxicity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve have been noted, especially in patients receiving high doses or prolonged 
therapy. Symptoms include dizziness, vertigo, tinnitus, roaring in the ears. and 
hearing loss. 

NOTE: The risk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of time than those 
recommended. 

Other reported adverse reactions possibly related to Nebcin include inc reased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granuiocytopenia, 
and thrombocytopenia; and fever, rash, itching, urticaria, nausea, vomitirg, headache, 
and lethargy. 

Suggested Dosage Guides — I.M./1.V.: 

The usual duration of treatment is seven to ten days. 

Usual dosage fer adults, children, and older infants (normal renal functio )-— 

3 mg/kg/day administered in three equal doses every eight hours. In lif2-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in :hree or 

four equal doses. This dosage should be reduced to 3 mg/kg/day as soen as clinically 
indicated. (Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 mg/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjusted either with 

reduced doses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature* To calculate normal dosage at prolonged interva s (if the 

creatinine clearance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q(6 x serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I.V. Administration — The usual volume of diluent for adults is 50 to 106 ml. For 
children, the volume of diluent should be proportionately less than for acults. The 
diluted solution usually should be infused over a period of 20 to 60 minutes. 


*An alternate rough guide for determining reduced dosage at eight-hour intervals (for paBents 
whose steady-state serum creatinine values are known) is to divide the normally recommended dose by 
the patient's serum creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Rena! Fuaction 
(Dosage at Eight-Hour Intervals) 


Maximum Dose for Life- 

. Threatening Infections 
(Reduce as soon as possible) 
1.66 mg/kgq8h 
(Total, 5 mg/kg/day) 


ml/dose* 


Usual Dose for 
Serious Infections 
For Patien: 
Weighing 1 mg/kg q 8h 
Ib (Total, 3 mg/kg/day) 
ml/dose* 


a ml 5 ml 
4.75ml 
4.5 ml 


2.9 ml 
2.75 ml 
2.6 ml 
2.5 ml 
2.4 ml 
2.25 ml 
2.1 ml 
2 ml 
1.9 ml 
1.75 ml 
1.6 ml 
1.5 ml 
1.4 ml 
1.25 ml 
1.1 ml 
1 ml 





*Applicable to al! oroduct forms except Nebcin, Pediatric, Injection (see How Supplied). 


How Supplied: Ampoules (Vials) Nebcin* (tobramycin sulfate, Lilly), Injection, 80 mg 
(equivalent to tobramycin) per 2 ml, 2 ml, rubber-stoppered, in packages of 1 and 
Traypaks'" (multivial cartons, Lilly) of 25. 

Ampoules (Vials) Nebcin, Pediatric, Injection, 20 mg (equivalent to tcbramycin) per 
2 ml, 2 ml, rubber-stoppered, in packages of 1. 

Hyporets® (disposable syringes, Lilly) Nebcin, Injection, 60 mg (equivalent to 
tobramycin) per 1.5 ml, 1.5 ml, and 80 mg (equivalent to tobramycin) pe- 2 ml, 2 ml, 
in packages ot 24. 

Each ml also contains 5 mg phenol as a preservative, 3.2 mg sodium t isulfite, 0.1 mg 
edetate disodium, and water for injection, q.s. Sulfuric acid and/or sodi im hydroxide 
may have been added to adjust the pH. [030476c] 


Additional information available to the profession 
on request from Eli Lilly and Company, 


Indianapolis, Indiana 46206. 


800646 


Eli Lilly Industries, Inc. 
Carolina, Puerto Rico 00630 


Editorial 


surgeons and Intensive Care Units 


LII care uaits (ICUs) are an outgrowth of the 
recegnition by physicians that critically ill patients 
have special problems, the solutions to which often require 
the expertise of a wide range of medical and nursing 
talert. Proficiency m all phases of the care of seriously ill 
patients is rerely, f ever, found in an individual whose 
training has been ia any one specialty area. Historically, 
anesthetists have beem the most visible single group of 
medieal specalists involved in the organization and 
management vf combined medical, respiratory, and surgi- 
cal ICUs. The contributions of our anesthetic colleagues to 
these units have been immense and are born of their 
particular know edge and competence in the management 
of patients who need resuscitation and complete respirato- 
ry support durmg eperations and in the postoperative 
recovery period. Since most patients who have serious 
postoperative probleras are cared for in ICUs, the manage- 
ment of which is direeted by anesthetists, it is appropriate 
to ask why surgeons should have a role in the leadership of 
these units. 

Seriously ill postoperative patients who are admitted to 
an ICU require elose follow-up observation by surgeons. 
The care of tubes, drains, infected wounds, fluid balance, 
and the noting of su»tle changes in the patient's status 
that may herald the presence of a leak of an intestinal 
anastomosis requ re careful serial observations and judg- 
ment that can only develop through years of meticulous 
attention to detail. The mature surgeon who manages an 
ICU is able to use this knowledge and experience to aid in 
the care of all patierts who are admitted to the ICU. 
Frequently. he or she »rovides formal or informal consul- 
tation to the busy surgical practitioner on the multitude of 
problems that may develop in the postoperative period. By 
virtue of his ewn surgica! background, the surgeon direetor 
speaks the same language as his colleagues and shares in 
the worries and care of the patients. Therefore, the 
surgeon director is in a pivotal position to use his own 
knowledge amd 2xperiznce to benefit the critically ill 
patient. These considerations are key to the question of 
why surgeons should be involved in the leadership of 
ICUs. 
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What can management of an ICU give to the surgeon? 
As director, the opportunities for investigation of the 
problems of critically ill patients are endless and are 
limited only by one’s imagination and time. Information 
provided by invasive monitoring generates data that may 
allow for precise interpretation of the pathophysiologic 
features of critical illness. The cross-fertilization of knowl- 
edge provided by our anesthetic, medical, and pediatric 
colleagues, by virtue of their own special and different 
backgrounds, provides an unequaled opportunity for 
growth and learning in these closely allied fields. The 
personal rewards of working closely with a caring staff of 
dedicated nurses and respiratory therapists are also 
great. 

Only a few training programs in intensive care are 
actually directed by surgeons. A recent tally of ICU 
training programs (representing only about one half of the 
available programs in critical care medicine) showed that 
of 59 fellowship positions offered, only three of the 54 filled 
positions were occupied by individuals who trained in the 
base specialty of surgery (Dennis M. Greenbaum, MD, 
written communication Sept 27, 1978). The vast majority of 
the offered fellowships were filled by individuals who had 
their training in anesthesia (24 positions) and internal 
medicine (19 positions). Furthermore, only 14% of the 
present membership of the Society of Critical Care Medi- 
cine are surgeons.’ These statistics indicate a distressing 
lack of interest by surgeons in this important field. Why is 
this? 

Most medical students are attracted to surgery because 
the acute nature of many surgical diseases gives a direct 
and very personal sense of being able to alter significantly 
the course of an illness through operative intervention. 
Clearly, good cutting is a dominant part of a smooth 
postoperative course. What surgeon can be oblivious to the 
ego gratification of removing an acutely inflamed appen- 
dix and seeing the patient, even with the pain of an 
incision, feel better on awakening minutes later in the 
recovery room! Although this may appear to be a digres- 
sion from the theme of the surgeon’s involvement in 
intensive care, it is not. The rewards of the surgeon’s 
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primary involvement in an ICU team are there, but they 
are more subtle than the example just quoted. They are 
tempered by the realization that time and energy must be 
spent on the less dramatic (though no less important) 
aspects of the preoperative and postoperative manage- 
ment-the drugs, the ventilator, the acid-base balance, and 
the management of fluids in relationship to the lungs, 
heart, kidney, and brain. Reluctance on the part of the 
surgeons to develop the skills necessary to manage ICUs 
may be engendered in part by the fear that the activities of 
a surgeon ICU director are mostly nonsurgical. Therefore, 
the surgeon may worry that his own identity as a skilled 
surgeon will somehow be forgotten by his medical 
confreres. In some measure, this is a realistic worry that 
can only be dispelled by continued interest and personal 
involvement in the care of patients with surgical problems. 
It is my conviction that these less “glamorous” aspects of 
the care of critically ill patients have been to a large extent 
responsible for the lack of interest by surgeons in assum- 
ing responsibility and leadership for management of units 
that primarily house their patients. 

The Society of Critical Care Medicine was founded in 
1970.** Among the purposes of this new organization were 
the establishment of guidelines for ICU organization’ and 
physician education in critical care medicine.* This organi- 
zation now seeks subspecialty status for individuals whose 
primary training has been in the traditional areas of 
anesthesiology, medicine, pediatrics, and surgery.’ This 
society proposes the establishment of an examination as 
the basis for a certificate of special competence. Although 
theoretically a certificate of special competence in critical 
care medicine’ would have as its purpose the goal of 
certifying an individual’s competence to direct an ICU, it 
seems uncertain that such an examination would achieve 
this aim. If one assumes that the body of knowledge 
necessary for competence in ICU management is equal to 
the sum of the knowledge of all of the specialties that 
impinge on the care of critically ill patients, it becomes 
obvious that it is impossible for any one individual to 
master it all. Rather than focusing on a certificate of 
special competence, a goal that may only foster the devel- 
opment of an elitest group, the Society of Critical Care 
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Medicine should concentrate on the educational and train- 
ing aspects of physicians of any specialty who are prepared 
to devote time and energy to the acquisition of skills that 
make for leadership. It has been estimated that currently 
there is a need for 3,000 ICU directors and codireetors to 
staff the mation’s general ICUs in approximately 1,500 
general hospitals with more than 250 beds.' It is unlikely 
that the requirement for passing an examination ir critical 
care medieine will enhance the entry of dedicated physi- 
cians into this field. Specialty status for critieal care 
medicine will doubtless be a much debated topiz in the 
future. 

Because postoperative problems dominate the patient 
population of a surgically based ICU, we should encourage 
the early interest of medical students in this field by 
offering elective courses that provide an in-depth exposure 
to intensive care for periods of one month. During this 
rotation, the student actively participates in all activities 
of the ICU. One month is sufficient time for the student to 
gain initial experience in the principles of fluid manage- 
ment, acid-base balance, and the care of patients requiring 
ventilation. The interest of surgical house officers in this 
field also can be fostered by giving them the oppcrtunity to 
spend part of their surgical training in the ICU, time that 
will allow them to experience personally the subt.e rewards 
of their participation. In this way, we hope to atzract more 
surgeons into leadership roles in this field. 

JOHN J. SKILLMAN, MD 
Boston 
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Original Articles 


Furthez Definition of Antibiotic Use and 
Abuse :n the Surgical Setting 


Francis T.Gardner, XD; Calvin E. Jones, MD; Hiram C. Polk, Jr, MD 


e Surveys of the use of antimicrobial agents were ccnducted 
at three unive'sity-af'iliated teaching hospitals to ascertain the 
current use of antibictics associated with surgery and to 
compare !his use t» the presently accepted standards. The 
survey included 300 consecutive surgical patients representing 
three surgical specialties. Evaluation was based on accepted 
therapeutic criteria with respect to the presence of an infection, 
appropriate in vitro entibiotic sensitivity testing, and recognized 
forms of prophylaxis. The results of our survey disclcsed that 
although nonuse was usually appropriate, more often than not 
use of antibiotics was inappropriate. Errors, in order of frequen- 
cy, included (7) mssjudgments in attempted prophylaxis of 
operative wound infection, such as failure to use preeperative 
administration or use in clean operations without implanted 
foreign bodies, sucheas prosthesis, and (2) attempted treatment 
of undefined and undiagnosed fever. 

(Arch Surg 174:883-886, 1979) 


AS account for 15% to 20% of all new anc refilled 
prescriotions-each year in the United States. In the 
decade ending in 7970, production and cost of antibiotics 
increased 320%, ard 130%, respectively.” The importance 
of these raw stati tics is magnified by the results of the 
National Aatibio&e Therapy Test, in which 4518 US 
physicians were examined and attained a mean correct 
score of only 68%.° Furthermore, surgeons as a group 
scored the lowest ef all specialties. 

Despite numercus reports in the medical literature 
concerning antibiocies, to our knowledge only four studies 
examine the overall propriety of the use of antibiotics in 
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the clinical setting. These studies concluded that more than 
half of all hospitalized patients who receive antibiotics are 
treated inappropriately.’?. Contrary to prior surveys of 
large numbers of patients in various hospitals, our survey 
examined such practices of our affiliated surgical service, 
in which every patient's chart could be examined precisely 
for pertinent evidence regarding the propriety of adminis- 
tration of antibiotics. The charts of 300 consecutive 
patients who underwent operations in three university- 
affiliated teaching hospitals were assessed critically to 
ascertain the current use of antibioties associated with 
surgery and to compare this use to the presently accepted 
standards. 


MATERIALS AND METHODS 


One hundred consecutive surgical patients were selected from 
the operating room logs of a private hospital, of a city-county 
charity hospital, and of a Veterans Administration hospital. The 
300 charts surveyed included 85 orthopedic, 35 thoracic, and 180 
general surgical patients. Five categories described by Kunin and 
associates’ were used to classify the use of antibiotics in surgical 
patients, supplemented by two additional categories for patients 
who did not receive antibiotics (Table 1). Whereas a clinician's 
retrospective judgment was the fundamental determinant of 
category, certain criteria were used as the bases for judgments, as 
follows: Therapeutic use included (1) diagnosis of infection, such as 
fever, leukocytosis, positive culture result, purulent wound drain- 
age, and/or wound erythema and tenderness, or (2) antibiotic 
sensitivity test results, which should have shown that organisms 
warranting treatment were not resistant to the drug used. 
Prophylactic use included elective operations in which the alimen- 
tary tract is opened,'^''-^* certain high-risk biliary tract opera- 
tions," and procedures for implantation of orthopedic prosthe- 
sis" or abdominal" and/or peripheral vascular operations.” 
Categories 1 to 7 were then classified as to appropriate, inappro- 
priate, or equivocal. 


Antibiotic Use—Gardner et al 883 







Table 1.—Classification of Antibiotic Use* 
1. Agree with antimicrobial therapy /prophylaxis; the program is 
appropriate i 


2. Agree with antimicrobial therapy/prophylaxis; advantages de- 
rived remain controversial 


3. Agree with antimicrobial therapy/prophylaxis; but a different 
agent is indicated 

4. Agree with antimicrobial therapy/ prophylaxis, but incorrect 
dose schedule employed 


5. Disagree with antimicrobial therapy/ prophylaxis; administra- 







tion is unjustified 


6. Antimicrobials not used; no indication they would have been 
of benefit 


7. Antimicrobials not used; indications in the medical record of 
possible benefit 





*Appropriate use was category 1, equivocal use, 2, and inappropriate 
use, 3, 4, and 5; appropriate nonuse was category 6, and inappropriate 
nonuse, 7. 


RESULTS 


Of the 300 patients reviewed, 124 (41%) received a total 
of 157 courses of antibiotics. Prophylaxis was the alleged 
indication for administration of antibiotics in 61% of those 
patients who received antimicrobial agents. Administra- 
tion of antibiotics was deemed therapeutic in 39% of all 
patients. Indications for administration of antibiotics 
varied in each institution (Table 2), but great variation in 
degree of contamination intraoperatively did not occur 
despite major differences in the socioeconomic makeup of 
the respective hospital populations. 

Use of antibiotics was judged to be appropriate or 
equivocal in 76 (49%) of all surgical patients who received 
antibiotics (categories 1 and 2 in Table 3). Inappropriate 
uses of antibiotics were examined in detail and are summa- 
rized in Table 4. Although use of antibiotics was warranted 
in four patients, two should have received a different 
antibiotic (category 3) because organisms grown from 
cultures proved resistant in vitro to the drug selected. In 
the remaining two patients, a less toxic drug would have 
been as efficacious. 

Category 4 includes 23 patients in whom the use of 
prophylactic antibiotics was warranted but the drug 
courses were not begun preoperatively. Nine patients in 
whom prophylaxis was justified received drugs for exces- 
sively long periods of time after operation. By contrast, 
prophylaxis with antibioties was discontinued too soon 
after operation in five patients in this group, even though 
there were ample indications for continuance. One patient 
received antibioties for one week before his operation even 
though the diagnosis recorded on his chart did not justify 
administration of antibiotics. 

Entirely unjustified use of antibioties (category 5) 
encompassed a wide range of transgressions. Prophylactic 
antibioties were prescribed for 17 patients undergoing 
refined-clean or clean operations without implanted pros- 
thesis; 13 others were treated therapeutically for postoper- 
ative fever of unknown cause, thought most often to be 
atelectasis. Seven patients who had no discernible indica- 
tion were also given antibiotics. 

Despite marginal differences among the three special- 
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“Taole 2.—Variation Among Institutions With Respect 
to Prevalence of Antibiotic Use and Degree of 
Contamination of Operations 













City- Veterans 
Private County Administration 
(100)* (100)* (100)* 


Total 
(70) 












Patien:s treated with 










antibiotics 35 36 53 * 24 (4196) 
Courses of antibiotic 35 
Prorhylaxis (96) 71 56 57 61 





Thesapy 
(%) 
Degree of contami- 
naticn 
Clean 76 70 72 
Potentially con- 
taminated 14 16 14 


Con-aminated 10 






29 














218 (72%) 











44 (15%) 
38 (13%) 








*Decisicns regarding antibiotic use were usually made by “he attending 
surgeon (rrivate hospital) or the senior house officer with concurrence of 
the attending surgeon (city-county or Veterans Administraticn hospital). 





Table 3.—Criteria for Antibiotic Use/Nonuse 
According to Ifistitution 






City- Veterans 
Category Private* County Administration* Total 


1. Agree, effective 12 29 31 72 
0 2 2 
1 2 







2. Agree, probably 
efective 


3. Different agent 1 
4. Different dose 15 7 16 
5. Unjestified 7 9 23 
6. Agree, no use 63 46 26 135 
7. Questionable 
nonuse 2 6 0 8 
App opriate (1 
ard 6) 75 75 57 297 (69%) 
0 2 







8) Slalo 







Equ vocal use (2) 2 4 (1%) 


Inaporopriate (3, 
4, 5, and 7) 






25 23 41 89 (30%) 









*Decisioas regarding antibiotic use were usually made by tne attending 
surgeon (private hospital) or the senior house officer with concurrence of 
the attending surgeon (city-county or Veterans Administration hospital). 


ties stucied according to the seven classifications, final 
judgmen:s as to propriety of use did not vary among the 
surgical specialties (Table 5). The 135 patients who 
required no antibiotics are accounted for in Tables 1 
and 3. 

In the other extreme (category 7), eight patients who did 
not receive antibiotics probably would have benefited from 
their use Three of these patients had severe urinary tract 
infections, three had orthopedic metallic implants, in one 
postoperative pneumonia developed, and one underwent an 
elective bowel resection. This reflects a 94% prepriety of 
nonuse o° antimicrobial agents. 


COMMENT 


The fiadings reported here are similar to those of 
previous studies concerning use of antibiotics in tae clinical 
setting,’ in that a major portion of this use is inappro- . 
priate. Oar data from the private hospital are very similar 
to those reported by Kunin and associates,’ wher2as in the 
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Table 4—Summary of Inappropriate Antibiotic Use 


Category Frequency (96) 


















3. Diferen: agent 
Orgarism resistant to drug 
Less toxic drug as effective 
4. Different dose /scnedule 
Prophylexis warranted 











Not begun preaperativey 23 
‘Continued ®o long pos operatively 9 
Discontinued tao soon postoperatively 5 










Prolonged preoperative use 
5. Unjustified use 
Prophylaxis umwarranted 





39 (13) 


Use in clean operations 17 
Therapy for fever of unknown origin 13 
No discernible indication 7 
Other 














7. Nonuse, drug indicated 





Urinary tact infection 3 
Prophylaxis warranted 
Major prosthetic implant 3 
Elective intestinal operafion 1 


Posteperative pneumonia 








Tabie 5 —Criteria for Antibiotic Use/Nonuse 
According to Specialty 


Courses of Antibiotic 


————————————— 
Category General Thoracic Orthopedic 
1 Agree, use 
2 Agree, probably effective 
3 Different agent 
4. Different dose/schecule 
5. Unjustified 
6. Agre=, no use 
7. QuestionabE noruse 
Appropriate (1 and 7) 
Equivocal use (2) 
Inappropriate (3, 4, 5. and 7) = z 


A 
— 


Qi 
e 
zd. 
=| Q| N| Sej- ion 
^ 


x’ test fer homogeneity among specialties shows no significant differ- 
ence (x = 4.28; P> .38). 


city-eounty hespital two thirds of all instances of use of 
antibiotics were appropriate. One may allocate credit for 
this better use cf powerful agents to the inherent nature of 
the resident-faeulty interaction, to the superior perform- 
ance of residemt physicians on the National Antibiotic 
Therapy Test, or te a combination thereof. Furthermore, 
some of the faculty have special interest in infection and in 
use of antibiotics. Ey contrast, the Veterans Administra- 
tion Hospital experience determined by a similar group of 
residents and faculty was explicitly poor, accounting for 
two tairds.of al instances of anjustifiable use of antibiot- 
ies (category 5) in the survey. Rather than impugning the 
process, hewever, this result is attributable entirely to the 
frequent use of a tetracycline by a single senior resident 
for alleged prophylexis in a variety of clean operations. 
Interestingly, the agent has simce been shown to be highly 
effective im potentially contaminated operations. The 
results of a subsequent survey at that institution showed a 
pattern ef use end ronuse incistinguishable from that at 
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the city-county hospital. If one examines the whole picture 
of use and nonuse of drugs, a more creditable perspective 
appears. In our survey, use of antibioties was wrong more 
than half of the time (Table 3, category 1 vs categories 3, 4, 
and 5). However, the decision to withhold antibioties in the 
surgical patient proved correct in 94% of all the patients. 
Examining practices in another light, appropriate use or 
nonuse was confirmed in 69%; 1% proved equivocal, and 
30% ineorrect according to the stated criteria for use or 
nonuse. 

If one is concerned regarding less than optimal use of 
antibioties in surgical patients, it is only fair to assess the 
data from other points of view. Excluding the atypical 
experience at the Veterans Administration Hospital, 
appropriate use and nonuse occurred in 75% of all patients 
and the percentage of inappropriate use (categories 3, 4, 5, 
and 7) falls to 24%. Again, by excluding the atypical 
Veterans Administration Hospital experience and by 
examining only use of antibiotics, inappropriate designa- 
tion occurred in less than half of all instances (40 of 83 
patients). Finally, if one attempts to define use of antibiot- 
ics as either appropriate (category 1) or unjustified (cate- 
gory 5) in the patients in the private and city-county 
hospital settings, appropriate use occurred in 72% (41 of 57 
patients). The data also reflect how misunderstanding and 
misuse by a single active clinician can distort some aspect 
of such studies. 

This study gives substance to the conceptual acceptance 
of prophylaxis with antibiotics in the surgical patient (71% 
of all instances of use of antibiotics). It also brings into 
sharp focus the frequency with which an acceptable 
concept is violated in practice. 

Miles et al" demonstrated the essential role of infection- 
modifying agents in local tissues before bacterial chal- 
lenge. The concept of the decisive period for prophylaxis 
with antibioties has been documented and clarified 
repeatedly in the clinical setting.” Preoperative adminis- 
tration of antibioties that promptly attain high levels in 
tissue" but need not be effective against all potential 
organisms" is indicated in gastrointestinal," ^'^ bili- 
ary," gynecologic," and endoprosthetie orthopedie" and 
vascular operations." Some clinical observations also 
support similar concepts for open-heart operations and 
pulmonary resections. However, final judgments cannot be 
made because the role of antibioties in these procedures 
has yet to be analyzed critically.''* 

The fundamental clinical concept of prophylaxis with 
antibioties is that a high-risk state should be approached 
with a practical, low-risk agent.*‘ Treatment is begun just 
before operation and kept to a judicious minimum after 
operation. We have outlined the criteria for preventive 
treatment in detail with emphasis on the crucible of 
blinded, randomized trials, the critical timing of initial 
drug administration, and the selection of agents known to 
produce effective levels in tissue.” 

Antibiotics are used widely. Of all patients on the 
surgical services surveyed, 41% were treated with antibiot- 
ies, and may be compared with the 30% seen elsewhere four 
to seven years ago.’ 
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It is of interest that 51% of all antibiotics prescribed 
were cephalosporins, an effective, safe, but expensive 
group of antibiotics. Cheaper but equally effective and safe 
drugs are available, suggesting that cost-effectiveness 
surveys along with better definition for use of cephalo- 
sporins are in order.” 

In summation, our analysis of the use of antibiotics 
showed (1) frequent use in patients undergoing general, 
thoracic, or orthopedic operations; (2) wide acceptance of 
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the carefully expounded principles of systemic prophylaxis 
with antibiotics in selected operations but with important 
continuing errors in application of the concept; (3) lack of 
specificity among the recorded therapeutic indications on 
occasion; and, (4) need for more considerations of toxicity, 
efficacy, and cost. Continuing assessment of antibiotic use 
is an important facet of maintaining the tenets of good 
surgical practice. 
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Choledocholithiasis Associated With 


Acute Cholecystitis 


Howard C. Pitluk MD John M. Beal, MD 


€ A retrospective review of the records of 1,507 patients with a 
diagnosis cf cholecys® tis was conducted for the five-year period, 
1972 to 1977. Of thes group of patients, a histopathologic 
diagnosis of acute chelecystitis was established in 154 patients 
(10.2%). Common duct calculi were detected in 17 of these 154 
patients, an incidenceof 11%. Preoperative evaluation by means 
of serum bilirubi^ anc alkaline phosphatase levels and intrave- 
nous cholangicg-aphr was unsatisfactory for consistent demon- 
stration of choiedocholithiasis in the presence of acute chole- 
cystitis. intraoperative cholangiography was found to be the 
most reliable method for detection of common duct calculi and 
was successíuilly employed in 14 of 17 patients with choledo- 
cholithiasis. The remaining three patients had palpable stones. 

(Arch Surg 114:887-888, 1979) . 


holeeystectomy for gallstone disease continues to be 
one of the most frequently performed abdominal 
operations in the United States. It has been estimated that 
more than 600000 sholecystectomies for calculous biliary 
tract disease’ were -arried out in 1977. The majority of the 
patients kad long-standing cholelithiasis with intermittent 
symptoms, the result of cystic duct obstruction. Acute 
cholecystitis is the most common complication of chronic 
gallbladder disease and is usually seen in conjunction with 
chronic inflammatien of the gallbladder. 
Choledeehclichiasis, another frequent complication of 
gallstone disease, is associated with both acute and chronic 
inflammatior of the gallbladder. The reported incidence of 
common duet stones in patients with acute cholecystitis has 
varied censijerably. However, it has been noted that 
common duct expleration is performed more frequently in 
patients with acute cholecystitis than in those with chronic 
disease cf the gallbladder.’ 
The presert study, conducted at Northwestern Memorial 
Hospital. was undertaken to determine the incidence of 
choledochelithiasis in patients with acute cholecystitis and 
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the most effective method of detecting these common duct 
stones. 


PATIENTS AND METHODS 


During the five-year period, Jan 1, 1972, to Jan 1, 1977, 1,507 
patients were admitted to the Northwestern Memorial Hospital 
with a diagnosis of cholecystitis. A clinical diagnosis of acute 
cholecystitis, based on the findings of fever, leukocytosis, and 
right-sided upper abdominal pain, was made in 226 patients (15%). 
Histopathologic changes of acute cholecystitis were found in 154 of 
the 176 patients who were treated by early cholecystectomy. Thus, 
10.2% of the patients who were admitted with gallstone disease 
during the five-year period were found to have histologic confir- 
mation of acute cholecystitis. Ninety-six (62%) of the 154 patients 
with acute cholecystitis were women. Their ages ranged from 17 to 
84 years, with an average age of 51.3 years. 

Common duct stones were demonstrated in 17 of the 154 
patients with acute cholecystitis, an incidence of 11%. Twelve of 
these 17 patients were women. Clinical jaundice was present in 20 
(13%) of the 154 patients with acute cholecystitis but was detected 
in only five of the 17 patients with common duct ealculi. Serum 
bilirubin levels were less than 2.0 mg/dl in the 12 patients who 
were not icteric. Blood chemistry studies using 18-factor automat- 
ed chemical analysis of serum alkaline phosphatase did not 
demonstrate a consistent pattern in the patients with common 
duct calculi. The serum alkaline phosphatase level was greater 
than 80 international units/dL (upper limit of normal) in 53 (34%) 
of the 154 patients with acute cholecystitis, and in nine (5395) of 
the 17 patients with acute cholecystitis and choledocholithiasis. 
Intravenous cholangiography was performed in only three of the 
17 patients and failed to demonstrate choledocholithiasis. 

At the time of cholecystectomy, intraoperative cholangiography 
was performed in 76 of the 154 patients with acute cholecystitis. 
The procedure was undertaken in those patients who were consid- 
ered to have dilated cystic ducts, common ducts with diameters 
exceeding 1 cm, or possible masses in the common duct by 
palpation. Common duct stones were detected by operative cholan- 
giography in 14 patients and confirmed by common duct explora- 
tion. Three patients had palpable common duct stones, and 
choledochotomy was undertaken without preliminary cholangiog- 
raphy. Operative cholangiography was performed without choled- 
ocholithiasis being detected in 62 of the remaining 137 patients 
with acute cholecystitis. Retained or residual common duct stones 
have not been found among the 78 patients who did not have 
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operative cholangiography. 

The 17 patients with common duct Stones were treated by 
cholecystectomy, choledocholithotomy, and T-tube drainage, with- 
out operative mortality. 


COMMENT 


During the five-year period included in the study, a 
policy of early operative intervention was followed for the 
treatment of acute cholecystitis. The dangers that are 
inherent in the nonoperative management of acute chole- 
cystitis have been emphasized by Glenn.? He reported his 
experience with 2,087 patients with acute cholecystitis and 
recorded a mortality of 9.2% for the 291 patients who were 
treated nonoperatively. The remainder were subjected to 
cholecystectomy, with an operative mortality of 1.3%. 
Gagic and Frey* have discussed the unsatisfactory results 
associated with cholecystostomy in the treatment of acute 
cholecystitis. They stated that six of 22 patients with acute 
cholecystitis who had a cholecystostomy died. These two 
groups found that nonoperative management and chole- 
cystostomy failed to adequately treat cholangitis and 
undetected common duct calculi, which contributed signif- 
icantly to the morbidity and mortality among these 
patients. The association of common duct stones with acute 
cholecystitis has been reported to increase morbidity and 
mortality primarily because the bile is more commonly 
infected in the presence of common duct calculi.^* 

The incidence of choledocholithiasis has been reported to 
vary from 2.5% to 25% in patients with acute cholecystitis. 
Cheung and Maxwell’ stated that the greatest frequency 
occurs in the series where the diagnosis of acute cholecys- 
titis has been made solely by clinical criteria. However, 
many patients with fever, abdominal pain, and leukocyto- 
tis have chronic cholecystitis and acute cholangitis asso- 
ciated with common duct caleuli. The incidence of choledo- 
cholithiasis is generally decreased in patients when the 
diagnosis of acute cholecystitis is established on a histo- 
pathologic basis. 

It is of obvious importance in the management of the 
patient to determine before or during operation whether 
common duct stones are present. Clinieally detectable 
Jaundice has been an unreliable marker for the presence or 
absence of choledocholithiasis. Cheung and Maxwell found 
only one patient with a common duct stone among 33 
ieteric patients with aeute cholecystitis Watkin and 
Thomas* reported that 16.6% of their patients with acute 
cholecystitis and common duet stones also had jaundice. 
However, in their series, the diagnosis of acute gallbladder 
disease was established on clinical findings and undoubted- 
ly reflected the inclusion of some patients with chronic 
cholecystitis and cholangitis. 

When jaundice is present in a patient with acute inflam- 
matory disease of the gallbladder, a number of causes must 
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be considered other than common duct calculi. Obstructiv 
jaundice may be produced with compression of the commoi 
bile duct by an acutely inflamed gallbladder. Pancreatitis 
hepatitis, choledochal sphincter spasm, and spontaneou: 
passage of common duct stones have all been implicated ir 
the pathogenesis of jaundice in acute cholecystitis.’ 

Laboratory aids have been disappointing in the detec- 
tion of common duct stones before operation for acute 
cholecystitis. Carlsen and associates studied 202 patients 
with acute cholecystitis and found common duct calculi in 
20%. They were unable to demonstrate a consistent corre- 
lation between serum bilirubin or alkaline phosphatase 
levels and the presence of common duct stones, similar to 
the findings in our study. Intravenous cholangiography has 
limitations and, although used sparingly in the patients in 
our study, failed to detect common duct calculi in three 
instances. This radiologic technique is not applicable in the 
presence of jaundice, as visualization of the common duct 
may be inadequate to ascertain whether stones are pres- 
ent. 

Intraoperative cholangiography appears to be the most 
reliable method for the detection of choledocholithiasis in 
patients with acute cholecystitis. In our study, common 
duct stones were found in 14 (18.4%) of the 76 patients in 
whom operative cholangiography was performed at the 
time of cholecystectomy for acute cholecystitis. Raine and 
Gunn found common duct stones in 27% of their patients 
with acute cholecystitis who were subjected to operative 
cholangiography. 

The inability to predict the presence of choledocholithia- 
sis in acute cholecystitis from presence of jaundice, serum 
bilirubin or alkaline phosphatase levels, or even enlarge- 
ment of the common duct at the time of operation empha- 
sizes the important role of operative cholangiography. 
Operative cholangiography should be performed in all 
patients with acute cholecystitis, provided there are no 
medical contraindications. 
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Ultrasonography and 


Tumor-associated Antigens 


The Concept of Combining Noninvasive Tests in the 


Screening for Pancreatic Cancer 


Colin R. Mackie, ME, ChB, FRCS; James Bowie, MD; Martin J. Cooper, MB, BS, FRCS; 
Michael E. Lewis, MB, ChB, FRCS; A. Rahim Moossa, MD, FRCS, FACS 


€ A total of 134 patients suspected of having pancreatic 
cancer were given preoperative ultrasonic examinations. A total 
of 54 cases hac a final diagnosis of pancreatic cancer histolog- 
ically conrirmed. The diagnostic sensitivity and specificity of the 
ultrasonographies were 76% and 91% or 87% and 74%, depend- 
ing on whether doubtful results were called abnormal or normal. 
“Doubtful” results were defined as those that steted that 
pancreatic cancer was "possible" or “could not be excluded.” 
When these results were divided into abnormal and normal 
groups or the basis of the patients’ preoperative serum carci- 
noembryonic antigen and pancreatic oncofetal antigen levels, 
the sensitivity and specificity of the combined tests may prove to 
be a more accurate means of screening patients for pancreatic 
cancer than ultrasonography alone. 

(Arch Surg 174:889-892, 1979) 


n reeent years, the development of new diagnostic 
techriques has improved our ability to detect pancreat- 

ic cancer. However, the failure of patients to manifest 
symptoms in the early stage of this disease cont. nues to 
restrict the role of curative surgical treatment. Any hope 
of increasing the number of patients to whom such treat- 
ment may be offered must depend on earlier detection by 
screening patients with only mildly suggestive symptoms. 
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In such a population, the incidence of pancreatic cancer will 
be low, and so a suitable screening test must be safe, 
noninvasive, and relatively inexpensive if it is to be 
cost-effective. Available data' suggest that diagnostic 
ultrasonography is the most suitable initial screening test 
currently at our disposal. The detection of elevated levels 
of serum tumor-associated antigens has proved insuffi- 
ciently sensitive and insufficiently specifie to be of use as a 
single screening test."' The purpose of this study was to 
determine whether the combination of ultrasonography 
and serum measurements of tumor-associated antigens 
might be a better screening test for pancreatic cancer than 
ultrasonography alone. 


PATIENTS AND METHODS 


Over a four-year period, patients coming to our institution with 
suspected pancreatic cancer have been examined prospectively by 
several diagnostic techniques. We have recently reported the 
results of gray-scale ultrasonic examination of the pancreas 
carried out prospectively on 149 patients. In this series, 134 
patients had technically adequate examinations, and 54 (40%) of 
these patients proved to have pancreatic cancer, with 17 (31%) of 
these having resectable tumors. Of the 134 patients, 89 underwent 
laparotomy and all patients having pancreatie cancer had histo- 
logic confirmation of the diagnosis. Of the 45 patients who did not 
undergo a laparotomy, four had metastatic pancreatic cancer and 
five had other malignant disorders, all histologically and/or 
cytologically confirmed. The remaining 36 patients had benign 
disorders that were diagnosed on the basis of other investigations 
and followed up for a period ranging from 16 months to four 
years. 
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Table 1.—Summary of Ultrasonography Results: 
Prospective Examination of 134 Patients Suspected 
of Having Pancreatic Cancer 







Definitive Diagnosis 
(No. of Patients) 














Ultrasonography Pancreatic Other 
Diagnosis Cancer Diseases Total 













Table 3.—Results of CEA* and POAT Assays Wi-hin 
the Whole Series 












Table 2.—Results of Ultrasonography Alone and 
Tumor-associated Antigens 


Patients With Patients With 
Pancreatic Cancer, Other Diseases, 
96 96 


15 11 
32 21 
74 57 










Sensitivity, Specificity, 
Results % % 


Doubtful results called normal 76 91 
Doubtful results called abnormal 87 74 


Doubtful results called abnormal 
only when both antigen levels 
were elevated 













POA > 20 units 
POA > 14 units 
POA => 9 units 


*CEA indicates carcinoembryonic antigen. 
TPOA indicates pancreatic oncofetal antigen. 





. * "at * 


Table 4.—Details of 20 Patients Who Had Ultrasonography Scans That Were Doubtfully Positive for Pancreatic Cancer 


Patient No./ CEA Level > 2.£ ng/mL 
Age, yr/Sex Diagnosis and Details CEA,* ng/mL POA,; units and POA Level > 9 units 


1/74/M Adenocarcinoma, head of pancreas, 2-cm diameter, resected 3.8 15 Yes 
2 4.5 No 


2/67/F Adenocarcinoma, tail of pancreas, >7-cm diameter, unresect- 2. 
able 


3/62/F Adenocarcinoma, head of pancreas, 3-cm diameter, resected 2.8 11 Yes 


4/54/M Adenocarcinoma, head and body of pancreas, 6-cm diameter, 9.0 26.5 Yes 
unresectable 


5/45/M Adenocarcinoma, body of pancreas, with liver metastases 12 9.5 Yes 
9 


6/65/F Adenocarcinoma, head and neck of pancreas, 3.5-cm diameter, 12.8 Yes 
resected 


7/73/M Chronic pancreatitis, laparotomy, biopsy, follow-up 3 yr 0.8 10.5 No 
.0 es 


8/65/F Chronic pancreatic abscess, biopsy, drainage, follow-up 3 yr 28.5 Y 
Y 


4 
9/60/F Chronic pancreatitis, laparotomy, biopsy, follow-up 1 yr 20 5 es 
11/51/F Chronic pancreatitis and pseudocyst, biopsy, drainage, follow- 8.6 5.5 No 
up 1 yr 
12/62/M Hepatoma, laparotomy, biopsy 1.8 11 No 
13/51/F Metastatic breast cancer, biopsy 11.6 6.25 No 
14/56/F Cholecystitis and cirrhosis, laparotomy, follow-up 3 yr 9. 


2 8 No 
17/37/F Chronic pancreatitis, no laparotomy, follow-up 3.5 yr 5.9 0 No 
19/55/M Cancer of the stomach N/D N/D Excluded 
20/48/M Diabetes, no other abnormality N/D N/D Excluded 





*CEA indicates carcinoembryonic antigen. 
1POA indicates pancreatic oncofetal antigen. 
tN/D indicates that the assay was not performed. 
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Cannot Exclude (.870, .263) 
Possible (.815, .163) 
Probable (.759, .088) 


@ Ultrasonography Alone 


O Ultrasonography, CEA, 
and POA Combined 


True Positive Fraction 


Firm (.222, .013) 





0.5 1.0 
False Positive Fraction 
Receiver operating characteristic (ROC) curve showing perform- 
ance of ultresenograpny in diagnosis of pancreatic cancer. 
Result of combined tests—ultrasonography, carcinoembryonic 
antigen (CEA), and pancreatic oncofetal antigen (POA)—is repre- 
sented by point above curve. 


Serum eolleeted at the time of initial investigation was assayed 
for carcinoembryonic antigen (CEA) by Hansen’s Z-gel method’ 
and by rocket immunoelectrophoresis for a pancreatic oncofetal 
antigen (POA), which had been isolated and partially character- 
ized in eur own laboratories.' Of the 54 patients with pancreatic 
cancer, 52 hac CEA assays, 47 had POA assays, and 47 had both 
assays carried cut. Of the 80 patients with other diseases, 74 had 
CEA assays, 53 had POA assays, and 52 had both. 


RESULTS 


The results of the ultrasonic examinations, reported in 
detail elsewhere,' are given in Table 1. A total of 48 cases 
had diagnoses of pancreatic cancer that were “firm” or 
“probable.” Another 20 cases had diagnoses that were 
“possible” or “eould not be excluded.” The sensitivity of 
ultrasonography for pancreatic cancer varied according to 
whether these 20 doubtful results were considered to be 
abnormal or normal (Table 2). When doubtful results were 
called abnormal, there was a total of 21 false-positive 
reports. These patients had inflammatory diseases of the 
pancreas (eight patients), a mass in a juxtapancreatic 
organ (six patients) extrahepatic biliary tract disease 
(three patien-s), or no intra-abdominal pathologic condi- 
tion (four patients). 

The results of CEA and POA assays are given in Table 3. 
The diagnoses, clinical details, and antigen levels of the 20 
patients who had doubtful ultrasonography results are 
given in Tēbe 4. If doubtfully positive ultrasonography 
reports are called positive only when the patient's CEA 
level was greater than 2.5 ng/mL and the POA level was 9 
units er greater, five of the six patients with pancreatic 
cancer and one of the 12 patients with other diseases had 
positivewesul=s (x = 7.03, P < .01). Thus, the overall sensi- - 
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tivity and specificity of ultrasonography then became 85% 
and 90%, respectively, a better result than that attained by 
us using ultrasonography alone (Table 2). 


COMMENT 
The overall results for CEA assays in this series (Table 3) 


are similar to those previously reported.’ Pancreatic onco- | 


fetal antigen assays showed a similar accuracy at a low 
cutoff point, but were less specific when a high cutoff point 


was taken. This differs from our previous experience,” 


probably because of the patient population we selected; in 
the present series, a greater proportion of the patients 
proved to have diseases other than pancreatic cancer that 
are associated with high POA levels. Neither CEA levels, 
POA levels, nor the combination of the two were sufficient- 
ly sensitive and specific to be used to "weed out" the false 
results in the confidently diagnosed ultrasonography 
groups. Applied to the doubtfully diagnosed group, each 
antigen level was elevated in five of six patients with 
pancreatic cancer and in seven (CEA level) or five (POA 
level) of the 12 patients with other diseases. When 
combined elevations were considered, the results of the 
same five patients with pancreatie cancer were abnormal 
and the false-positives were reduced to one patient who 
had a chronic pancreatic abscess (Table 4). The perform- 
ance of the CEA-POA combination in the group of patients 
with doubtful ultrasonography results was considerably 
better than its performance in the series as a whole. 
Analysis of proportions showed that the probability of this 
result being due to chance was small. It may be that by 
eliminating all cases that were confidently diagnosed as 
having or not having pancreatic cancer by the use of 
ultrasonography, we were left with a group of patients 
with a disease pattern and incidence favoring more effec- 
tive screening by assay of tumor antigens. It is worthy of 
note that three of the five pancreatic cancers diagnosed by 
the combination of tests were resectable. 

Chronic pancreatitis is a frequent source of false ultra- 
sonography reports of pancreatic cancer. This problem 
besets most, if not all, pancreatie investigations. Eleva- 
tions of CEA level have been reported for as many as 68% 
of patients with chronic pancreatitis High POA levels 
have been found less frequently, although levels greater 
than 20 units may be found in about 10% of patients with 
pancreatitis.’ 

Other causes of false-positive ultrasonography results 
should be considered. Elevated POA levels have been found 
in approximately 30% of patients with extrahepatic biliary 
tract disease; CEA level is frequently high in patients with 
eholangiocarcinoma,* but not in patients with benign bili- 
ary tract disease who do not have cirrhosis. High CEA 
levels may be found in patients with hepatoma, carcinoma 
of the stomach and small bowel, and APUD tumors, but are 
infrequent in patients with lymphomas; high POA levels 
have not been found in patients with lymphomas and 
APUD tumors. High POA levels have been noted infre- 
quently in patients with hepatoma or earcinoma of the 
small bowel, but more often in patients with carcinoma of 
the stomach. Patients with idiopathic diabetes, benign 
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musculoskeletal back disorders, or no organic disease would 
be expected to have normal CEA and POA levels. 

We frequently ask, Which is the better test? Considera- 
tion is given less often to the value of combining the tests 
In a way that improves both. As with any test results of 
which we are not certain, we must decide whether to accept 
as abnormal only those results that are given with a high 
level of confidence or to include those that are less certain. 
The former decision will result in the test being less 
sensitive but more specific, the latter will have the reverse 
effect. Any second test that can divide the doubtfully 
abnormal results of the first test into one group containing 
a higher proportion of true-positive results and a second 
group with a lower rate of false-negative results, will 
provide an intermediate cutoff point that is characterized 
by a higher overall accuracy than could be attained 
previously. 

This fact is well illustrated by the results of the present 
study. The performance of ultrasonography alone may be 
expressed graphically as a receiver operating characteris- 
tic curve. Points are plotted for each level of confidence 
that may be taken as the threshold between abnormal and 
normal results (firm, probable, possible, etc). For each 
“decision threshold,” the proportion of patients with 
pancreatic cancer whose conditions are correctly diagnosed 
(true-positive fraction, TPF) is plotted against the propor- 
tion of patients with other diseases whose conditions are 
incorrectly diagnosed as pancreatic cancer (false-positive 
fraction, FPF). The curve thus formed “characterizes” the 
performance of the test and allows the “receiver” of a test 
result to interpret it (to “operate” ) with a greater insight 
into its absolute value and its relative value compared with 
the results of other tests. If we now plot a point repre- 
senting the TPF/FPF values obtainable by any second test 
alone or, as in this case, in combination with the first test, 
the second test (or combination) must be a better test than 
the first if the best performance of the first is represented 
by a point below and to the right of the new point. 
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Using Bayes' theorem, analysis of the predict ve values 
obtained from ultrasonography alone suggests that if 
ultrasonography is used to screen patients with symptoms 
mildly suggestive of pancreatic cancer and if the preva- 
lence of -his disease in the population selected for screen- 
ing is aporoximately 5%, then the optimal decisien thresh- 
old to use will be between the "probable" and "possible" 
confidence levels.: It can be seen from the Figure that the 
use of the results of serum tumor-associated antigen 
assays to decide whether a doubtful ultrasonography result 
should b» called abnormal or normal will improve the 
overall performance of the screening test. 

The results of the present study cannot be regarded as 
conclusive. The number of patients forming the doubtful 
group was small, and the thresholds for CEA and POA 
levels were chosen retrospectively. However, tke results 
highlight the way in which tests may be used in combina- 
tion to improve on either used alone. Such combinations, 
including the combination reported here, deserve further 
evaluation. It is clear that tests are combined most effec- 
tively when their sources of erroneous and doubtful results 
are different. 
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Cefamangdole Nafate 


Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mandol is indicated for the treatment of serious infec- 
tions caused by susceptible strains of the designated microorganisms in the 
diseases listed below: 

Lower respiratory infections, including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae). Haemophilus influenzae, 
Klebsiella species, Staphylococcus aureus (penicillinase and non- 
penicillinase-producing), beta-hemolytic streptococci, and Proteus 
mirabilis 

Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species, Klebsiella 
species, group D streptococci (Note: Most enterococci, e.g., S. faecalis, 
are resistant), and S. epidermidis 

Peritonitis caused by E. coli and Enterobacter species 

Septicemia caused by E. coli, S. aureus (penicillinaseand non-penicillinase- 
producing), S. pneumoniae, S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, and Klebsiella species 

Skin and skin-structure infections caused by S. aureus (penicillinase and 
non-penicillinase-producing), S. pyogenes (group A beta-hemolytic 
streptococci), H. influenzae, E. coli, Enterobacter species, and P mirabilis 

Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females, lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
nisms. Mandol has been used successfully in these infections in which several 
organisms have been isolated. Most strains of Bacteroides fragilis are resistant 
in vitro: however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known: however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified, Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending ontheseverity of the infection andthe patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days. 


Contraindication: Mandol is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
QUIRY SHOULD BE MADE TO DETERMINE WHETHER THE PATIENT HAS 
HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAU- 
TIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMON- 
STRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. SERIOUS 
ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 

In newborn infants, accumulation of other cephalosporin-class antibiotics 
(with resulting prolongation of drug half-life) has been reported. 


Precautions: Although Mandol rarely produces alteration in kidney function, 
evaluation of renal status is recommended, especially in seriously ili patients 
receiving maximum doses. 

Prolonged use of Mandol may result in the overgrowth of nonsusceptible 
organisms. Careful observation of the patient is essential. If superinfection 
occurs during therapy. appropriate measures should be taken. 

Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 

A false-positive reaction for glucose in the urine may occur with Benedict's 
or Fehling's solution or with Clinitest® tablets but not with Tes-Tape* (Glucose 
Enzymatic Test Strip, USP, Lilly). There may be a false-positive test for pro- 
teinuria with acid and denaturization-precipitation tests. 

Usage in Pregnancy —Safety of this product for use during pregnancy has 
not been established. 

Usage in Infancy—Mandol has been effectively used in this age group, but 
all laboratory parameters have not been extensively studied in infants between 
one and six months of age; safety of this product has not been established in 
prematures and infants under one month of age. Therefore, if Mandol is ad- 
ministered to infants, the physician should determine if the potential benefits 
outweigh the possible risks involved. 


Adverse Reactions: Hypersensitivity — Maculopapular rash, urticaria, eoSiIno- 
philia, and drug fever have been reported. These reactions are more likely to 
occur in patients with a history of allergy. particularly to penicillin. 

Blood — Neutropenia and thrombocytopenia have been reported rarely. 


Some individuals have developed positive direct Coombs tests during treat- 
ment with the cephalosporin antibiotics. 

Liver—Transient rise in SGOT, SGPT, and alkaline phosphatese levels has 
been noted. 

Kidney— Decreased creatinine clearance has been reported in patients 
with prior renal impairment. As with some other cephalosporins, transitory 
elevations of BUN have occasionally been observed with Mandol; their fre- 
quency increases in patients over 50 years of age. In some of these cases, 
there was also a mild increase in serum creatinine. 

Local Reactions — Pain on intramuscular injection is infrequent. Thrombo- 
phlebitis occurs rarely. 


Administration and Dosage: Dosage — Adults: The usual dosage range for 
cefamandole is 500 mg to 1 gm every four to eight hours. 

In infections of skin structures and in uncomplicated pneumoria, a dosage 
of 500 mg every six hours is adequate. 

In uncomplicated urinary tract infections, a dosage of 500 mc every eight 
hours is sufficient. In more serious urinary tract infections, a dosage of 1 gm 
every eight hours may be needed. 

In severe irfections, 1-gm doses may be given at four to six-hcur intervals. 

In life-threatening infections or infections due to less susceptibleorganisms, 
doses up to 2 gm every four hours (i.e., 12 gm per day) may be needed. 

Infants and Children: Administration of 50 to 100 mg/kg/day in equally 
divided doses every four to eight hours has been effective for most infections 
susceptible to Mandol.This may be increased to a total daily doseo 150mg/kg 
(not to exceec the maximum adult dose) for severe infections. (See Warnings 
and Precauticns for this age group.) 

Note: As with antibiotic therapy in general, administration of Mandol should 
be continued for a minimum of 48 to 72 hours after the patiert becomes 
asymptomatic or after evidence of bacterial eradication has been obtained; a 
minimum of ten days of treatment is recommended in infections caused by 
group A beta-hemolytic streptococci in order to guard against the rsk cf rheu- 
matic fever or glomerulonephritis; frequent bacteriologic and clinical ap- 
praisal is necessary during therapy of chronic urinary tract infecticn and may 
be required for several months after therapy has been completed persistent 
infections may require treatment for several weeks; and doses smaller than 
those indicated above should not be used. 

Impaired Renal Function — When renal function is impaired, 3 reduced 
dosage must be employed and the serum levels closely monitored. After an 
initial dose of 1'0 2 gm (depending on the severity of infection), a maintenance 
dosage schedule should be followed (see chart). Continued dosege should 
be determinec by degree of renal impairment, severity of infection, and 
susceptibility o' the causative organism. 


MAINTENANCE DOSAGE GUIDE 
FOR PATIENTS WITH RENAL IMPAIRMENT 












Life-Threatening 
Infections — Less Severe 
Maximum Dosage Imections 


2 gm 1-2 gm 
q4h 36h 


0 75-1.5 gm 
16h 


















Creatinine Clearance 
(ml/min/1.73 m?) 





Renal Function 


Normal 


Mild Impairment 










Moderate 
Impairment 










Impairment 


0.67gmq8h 


0.5-1 gm 
q8h 
27 0 50750m 
1gmq 12h 
P EAER  |o250.5gm 
075gmq12h qi2n 













Impairment 





When only serum creatinine is available. the following formula (based on 
sex. weight. anc age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function 


Weight (kg) x (146 — age) 
72 x serum creatinine 
Females: 0.9 x above value 
How Supplied: Vials Mandol* (cefamandole nafate, Lilly), forInjectior , 500 mg 
and 1 gm (equivalent to cefamandole activity), 10-ml size, in packagesof 1 and 
Traypaks™ (multvial cartons, Lilly) of 25. 2 gm (equivalent to cefa mandole 
activity), 20-ml size, in packages of 1 and Traypaks of 10; 1 and 2 gm(equiva- 
lent to cetamandole activity), 100-ml size, in Traypaks of 10 [11378] 


Xn, 


900340 


Males: 


Additional information available 
to the profession on request. 


Eli Lilly and Company 
Indianapolis. Indiana 46206 
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Factors Determining Peripheral Vein 


Tolerance to Amino Acid Infusions 


Ricardo Gazitua, MD; Katherine Wilson, RN; Bruce R. Bistrian, MD, PhD; George L. Blackburn, MD, PhD 


e The to:ecance of peripheral veins to intravenous infusions 
was evaluated. Of 83 infusions studied, 67 conta ned amino 
acids. Phlebitis occurred more commonly with the use of solu- 
tions that contained the amino acids. The important factors in the 
production of phlebitis by amino acid solutions were osmolarity, 
and the amount of potassium infused per day. Pnlebitis was 
universal when osmolarity exceeded 600 mOsm. Other factors 
that promoted phlebitis were the presence of antibiotics and the 
size of the vein. 

(Arch Surg 114:897-900, 1979) 


ith the increasing recognition of the importance of 
nutritional support in hospitalized patients, the 
parenteral use of amino acids through the peripheral veins 
has become widespread.'-* Such hypocaloric regimens have 
been useful in mildly te moderately malnourished patients 
and/or stressed patients with inadequate diets. The princi- 
pal preblem encountered in the peripheral administration 
of amino acids is phlebitis.'*^* 
This study was designed both to confirm whether amino 


acids edministered through the peripheral veins foster the 


develcpmen: of phlebitis and to evaluate the contribution 
to the production of phlebitis of the osmolarity and of the 
added electrolytes. This knowledge was expected to be 
useful in the establishment of guidelines for use of periph- 
eral zmino acid solutions. 


MATERIALS AND METHODS 


This study was undertaken with the cooperation of the Depart- 
ment cf Intravenous Therapy of the New England Deaconess 
Hospital, Boston. The nurses of this service were instructed in the 
following protocol: A form was developed on which to record the 
date and time when an infusion was started, the type of catheter 
used, the site of insertion, and the size of the vein (large veins 
were defined as those with a diameter estimated to be twice that 
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of the external diameter of the catheter used). Other recorded data 
included the type of solution used, the rate of the infusion, the 
electrolytes added, and whether antibiotics were given through 
the catheter. This information was recorded daily during the 
routine assessment of the infusion. When the catheter was 
removed, the time, the date, and the reason for removal were 
recorded. 

Reasons for catheter removal were completion of therapy, 
infiltration (edema, no discoloration), bruising and tenderness at 
the puncture site, occluded catheters (unable to irrigate), inadver- 
tent removal, and phlebitis. The criteria used to grade phlebitis 
were as follows: type 1, tenderness at the catheter tip; type 2, also 
some redness and the proximal vein was tender; type 3, in addition 
to the other symptoms, warmth, pain, or palpable cord. The tips 
from 69% of all the catheters were sent for bacteriologic culture, 
which used the following technique: On removal of the catheter, 
the tip was cut off with a pair of sterile scissors and dropped with 
sterile technique onto a 100-mm 5% sheep-blood agar plate. The 
catheter tip was rolled several times across the agar surface with 
sterile forceps and then incubated at 37 °C. Cultures were 
considered positive if more than 15 colonies grew within a period 
of 72 hours.* 

The insertion of the catheters was done by sterile technique. The 
insertion site was covered with povidone-iodine (Betadine) oint- 
ment and a sterile dressing. All catheters were checked daily by 
the intravenous (IV) therapy team and removed when any sign of 
phlebitis, of infiltration, or of bruising was noted or if the catheter 
was clotted. All the infusions with amino acids were prepared with 
crystalline amino acid (Aminosyn) as the base solution and were 
delivered through a 0.22-, filter. Only those infusions that were 
started and finished with the same type of solution and for which 
all the information to be collected was complete were included in 
the study. 

The osmolarities of the solutions were calculated from the 
composition given by the manufacturer. Thus, a solution with 
crystalline amino acid 3.5% plus 5% dextrose and 40 mEq of 
potassium chloride would have a calculated osmolarity of approxi- 
mately 350 mOsm/L from the crystalline amino acid, 250 mOsm/L 
from the dextrose, and 80 mOsm/L from the ions of potassium and 
chloride, for a total osmolarity of 680 mOsm/L. Statistical analysis 
was performed with the Student’s ¢ test and x* analysis. 


RESULTS 


The solutions provided through 83 catheters were stud- 
ied. Sixty-seven were used with solutions that contained 
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No. of 
No. of Phlebitis 
Solution Catheters 


3.596 crystalline amino acid 25 19 76 
(Aminosyn) 





































3.596 crystalline amino acid + 10 10 100 
596 dextrose 

5% crystalline amino acid + 3 3 100 
596 dextrose 

596 dextrose 3 1 33.3 

5% dextrose + vz N saline 10 4 40 
solution 

5% dextrose + normal saline 2 2 
solution 

5% dextrose + 14 N saline 
solution 





Total time of infusion, hr 2,299 
Mean duration of infusion, hr 


*Y' = 3.93; P < .05. 
tt = 0.76; P > .05. 





amino acids and 16 without. Amino acid solutions were 
3.5% crystalline amino acid, 3.5%M crystalline amino acid, 
3.5% crystalline amino acid with 5% dextrose, and 5% 
crystalline amino acid with 5% dextrose. Other solutions 
were 5% dextrose in water, and 5% dextrose with normal 
saline solution, with % N saline solution, or with 4 N saline 
solution. 

Table 1 gives the distribution of the solutions, the 
frequency of the occurrence of phlebitis in each group, and 
the mean values for osmolarity, duration of infusion, and 
total amounts of potassium and sodium infused. Fifty-four 
of 83 infusions producded phlebitis, for an overall rate of 
65%. 

Table 2 gives grouped amino acid and nonnitrogen 


Solutions. There was a higher incidence of phlebitis with 


the amino acid solutions, 47 of 67 (70%) vs seven of 16 (44%), 
P < .05. Amino acid solutions were infused for a total of 
2,299 hours and 47 cases of phlebitis were produced; 
nonnitrogen solutions were infused for a total of 620 hours 
and seven cases of phlebitis occurred. By extrapolation, it 
can be estimated that one case of phlebitis would be 
produced for every 48.9 hours of infusion with amino acid 
solutions and for every 88.6 hours of infusion with nonni- 
trogen solutions. Thus, phlebitis occurred with amino acid 
solutions almost twice as frequently. However, there was 
no important difference in the duration of the infusion in 
either group, but removal of the catheter due to phlebitis 
was much more likely to occur in the group receiving amino 
acid infusions. 
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Cases % Phlebitis 









cid Solutions 


620 ’ 


34.4 + 18.31 








Mean Total 



















Mear Mean Duration Mean Total Sodium 
Osmolarity, of Infusion, Potassium Infused, Infused, 
mOsm/L + SD hr + SD mEq + SD mEq + SD 












463 + & 33 + 19 89 + 110 











480 + 35 
718 + 115 


36.4 + 19 
33.4 + 18 





54 + 77 







833 + 0 31.8 + 12 C 
431 + 154 30.1 + 15 4:4 7 161 + 191 
423 + 27 43.7 + 32 56 + 61 23, + 182 








641 + 56 36.7 + 15 32 + 29 553 + 216 









Nonnitrogen Solutions Total 






2,919 
35.2 + 19.9 





38.8 + 26.8 






One important factor in the development of phlebitis is 
osmolarity. Table 3 gives the increasing incidence of 
phlebitis with inereased osmolarity, and shows that all 
solutions with osmolarities greater than 600 mOsn/L 
produced phlebitis (P < .01). The effect of osmolarity was 
also significant in the group receiving amino acids 
(P — .05). No significant effect of osmolarity was demon- 
strable in the nennitrogen groups, perhaps due to the sr all 
size of the groups. E 

The mean osmolarity of the amino acid soluticns 
(525 + 130 mOsm/L) was significantly different (P < .05) 
from that of the nonnitrogen solutions (446 + 101 mOsra/ 
L). To investigate the possibility that this was responsikle 
for the higher incidence of phlebitis, two groups wizh 
equivalent osmolarities were compared (Table 4). Amiro 
acid solutions still tended to produce more phlebitis. 

The contribution of potassium to the production cf 
phlebitis was then analyzed for the total amount of potas- 
sium given during the infusion, for the amount of potas 
sium given per day, and for the potassium concentration in 
the solutions. Table 5 gives results that show that the 
amount of potassium infused per day made a significant 
contribution to the production of phlebitis (P < .05). The 
mean amount of potassium infused per day for the amino 
acid solutions was 48.4 + 39.8 mEq and for the nonnitro- 
gen solutions was 18.6 + 19.0 mEq (P < .01). Thus, amino 
acid solutions tend to have more potassium, which, with 
osmolarity, also contributes to the production of phlebitis. 
To define the phlebitie action of amino acids by them- 
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selves, two groups that received equivalent amounts of 
potassium were conspared. Under these conditions, amino 
acid solutions still produced more phlebitis (P < .05). 
However, when solutions with equivalent osmolarities and 
amounts of potassium were compared, no significant effect 
of amine acids on the rate of phlebitis could be cemon- 
strated (Table 6). 

When the amourt of sodium infused per da; was 
analyzed, it was not seen to be a significant factor in the 
development cf phleoitis (P < .1). Furthermore, by linear 
regression, the correlation of the total amount of sodium 
given during the iafusion with the osmolarity ef the 
solutions used was df a very low order (r = .19; P < .05). 
Although amino acil solutions had higher osmolarities, 
nonnitrogen sclutions had more sodium: the mean amount 
of sodium given was 110 + 108 mEq for aminc acid 
solutions and 250 + 211 mEq for nonnitrogen solations 
(P < 001). 


Tabie 3.—Distr 2ution of Osmolarity vs Phlebitis 
——————— — ———— 


Osmolarities, mOsm/L 


< 450 450-600 600 . 
Whcle group* 
Phlebitis 13 26 15 
No phleBitis 10 19 0 





Amino acic selu- 
tions? 
Phiebit's 


No phiebitis 


*Y! = 98; P — C1. 
ty? = 6.56 P < 05. 





Table 4.—Comparison of Phlebitis for Groups With 
Equivalent O molarities (< 450 mOsm /L)* 


Amino Acid Solutions Nonnitrogen Solutions 
Phiebitis 9 4 
No phlebitis 2 8 


*\? = 5.55; P < 05. 















Table 5 —Dis*ribution of Amounts of Potassium per Day 
vs Phleb&is for the Whole Group* 


Ne Potassium <40mEq > 40 mEc 
Phlebitis 9 21 25 
No phlebitis 7 15 -- 9 


*y? = 6.31; P < .05. 











Table 6.—Comparison of Phlebitis 
for Salutions With Equivalent 
Osmolarities (450 to «00 mOsm/L) 


Table 7.—Effect of Giving 
Antibiotics Through the Lines in 


the Procuction of Phlebitis for 





. When antibioties were given through the catheters, 

there was a significantly higher incidence of phlebitis, 
(P < .05, Table 7). The same proportion of amino acid 
solutions and of nonnitrogen solutions contained antibiot- 
ies, so this factor did not account for the overall difference 
in phlebitis between the two groups. 

When solutions that contained heparin sodium, usually 
1,000 units/L, were analyzed, a paradoxical result was 
obtained (Table 8): 16 of 17 (94%) of the solutions with 
heparin produced phlebitis vs 39 of 66 (59%) of the solutions 
without heparin (P < .05). In an attempt to explain these 
findings, it was found that the solutions that contained 
heparin had a significantly higher osmolarity, 634 + 153 
mOsm/L vs 477 + 100 mOsm/L (P < .001). 

The rate of the infusion, in cubic centimeters per hour, 
did not seem to be an important factor in the production of 
phlebitis. Similarly, the site of the infusion, either hand or 
forearm, did not seem to be an important factor. However, 
small veins were more disposed to have phlebitis than were 
large veins (P —.05). None of the cultures of the 57 
catheter tips cultured by the semiquantitative method had 
positive results. 


COMMENT 


Although the infusion of amino acid solutions into 
peripheral veins produces more phlebitis than does the 
infusion of nonnitrogen solutions, much of the phlebitis 
produced by amino acid solutions can be attributed to the 
intervening variables of potassium content and osmolarity. 
The Figure shows the contribution of the amino acids, 
glucose, sodium, and potassium to the final osmolarity for 
amino acid and nonnitrogen solutions. If we assumed that 
amino acids and glucose are equally likely to produce 
phlebitis, there is always a higher contribution from the 





amino acids to the osmolarity in the amino acid solutions, . 


as compared to the contribution of glucose (as 5% dextrose) 
in the nonnitrogen solutions. The difference in osmoles in 
this latter group will tend to be provided by sodium (and its 
corresponding anions), which was not a factor in phlebitis 
at the concentrations used in this study. In terms of the 
present study, the combined action of all these factors 
serves to explain the increased tendency of amino acid 
solutions to produce phlebitis. 

The association of these characteristics can be explained 
by the therapies used. Peripheral hyperalimentation that 
attempts to meet requirements for protein and calories 
necessitates the use of solutions with high osmolarities, 


Table 8.—Effect of Adding 
Heparin (1,000 Units/L) to the 
Solutions in the Production 


and Concentrations ef Potassium the Whole Group*. of Phlebitis* 
(< 20 mEq.-L)* 
With No With No 
Amino Antibiotics Antibiotics Heparin Heparin 
Acid Nonnitrogen Phlebitis 29 25 Phlebitis 16 39 
Solutions Solutions No phlebitis 8 21 No phlebitis 1 27 


Phleb tis 13 3 
No phlebitis 13 0 


*Y! = 5.36; P < .05. 





*X! = 2.55; not significant 
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*x! = 5.85; P < .05. 
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Contribution of amino acids, glucose, sodium, and potas- 
sium to the final osmolarity of amino acid and nonnitrogen 
solutions. 






since amino acids are combined with dextrose and added 
electrolytes. When isotonic amino acids without added 
glucose are used in protein-sparing therapy, the require- 
ments of potassium and sodium increase over those of 
dextrose infusion alone, related to improved protein- 
sparing’ and extra losses of sodium and potassium due to 
ketonuria."” 

Although the pH was not measured in this study, it is a 
potentially important variable. We did test 15 solutions of 
3.5% erystalline amino acid and 3.5%M crystalline amino 
acid, and the range of the pH was from 5.30 to 5.39, with a 
tendency to be slightly lower when vitamins, particularly 
vitamins B and C, were added. 

The fact that all the cultures of the tips of catheters were 
negative could mean that the sensitivity of the method 
used is low. However, in a parallel study of central 
hyperalimentation catheters that used this method, some 
cultures were positive and correlated well with clinical 
evidence of sepsis. In any event, most of the phlebitis 
seemed to be chemical in origin, with rapid resolution on 
catheter withdrawal without any need for antibiotics. 

The paradoxical effect of an increased frequency of 
phlebitis with the addition of heparin seems to be related 
to the higher osmolarities of the solutions in which it was 
used. Although heparin has been recognized to prevent or 
to decrease the incidence of phlebitis,? the mean osmolar- 
ity of the solutions containing heparin was 634 + 153 
mOsm/L, and this study showed that with values greater 
than 600 mOsm/L, phlebitis was universal. 
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Recommendations - 


From these observations, some conclusions can be made. 
Phlebit& can be expected to occur more often with amino 
acid solitions, particularly when the solutions have high 
osmolarities, a high potassium content, are given through 
small veins, and if the antibiotics are administered through 
the cataeter. It is clear that the production cf phlebitis 
depends primarily on these factors rather than on the 
amino acids themselves. Many of these variables are 
possible to control without compromise of the efficacy of 
nutriticnal support, such as maintenance of osmolarity 
levels below 600 mOsm/L, avoidance of very high concen- 
trations of potassium, avoidance of small veins when 
possible, and rotation of insertion sites daily. Even though 
effective nutritional support with acceptable rates of 
phlebit.s can now be given, it could only be in the interest 
of patient tolerance and more general acceptanze cf amino 
acid so utions to find ways to improve such therapy. 


This investigation was supported by grants GM 24401 and 3M 22691 from 
the National Institute of General Medical Sciences, US Depzrtment of 
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Portal Vein Thrombosis 
Associated With Cirrhosis 


Clinical Importance 


I. James Sarfeh, MD 


* A group of 86 cirrhotics undergoing therapeutic variceal 
decompressive procedures were studied. Patients with portal 
vein thrombosis (PVT) comprised 21% of the group and more 
frequently had uncontrollable hemorrhage at an earlier stage of 
liver disease. Mortality in the 18 cirrhotics with PVT was higher 
(5696), mostly as a result of rebleeding. Despite adjustments for 
stage of liver disease and type of operation, in no cirrhotic with 
PVT did postshunt encephalopathy develop, compared with 3296 
incidence in patients without PVT (P — .05). It is concluded that 
patients with cirrhosis and PVT represent a different subpop- 
ulation of cirrhotics. Once adequate variceal decompression has 
been achieved, their prognosis should be superior to cirrhotics 
without PVT because their hepatic hemodynamics are unaf- 
fected by total shunting, hence precluding further impairment of 
liver function as a result of acute reduction of hepatic blood 
flow. 

(Arch Surg 114:902-905, 1979) 


gone morbidity and mortality after portal diversion 
in cirrhotic patients with bleeding esophageal varices 
are high." Postshunt encephalopathy and accelerated 
hepatic failure are the major causes of the poor results.*' 
Many investigators believe that these complications arise 
from acute deprivation of portal blood flow from the liver 
after the standard portacaval or mesocaval shunts.*^ Thus, 
newer variceal decompressive procedures that maintain 
hepatic portal inflow have been investigated in attempts to 
improve the surgical results.'* Some cirrhotic patients, 
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however, are found to have preexisting portal v2in throm- 
bosis by angiography or at operation, presumably because 
of severe portal outflow block. These patients may repre- 
sent a different subpopulation of cirrhoties because their 
hepatic hemodynamics have already made long-term 
adjustments to total deprivation of portal inflow. Thus 
their clinical presentation as well as outcome after the 
standard portal decompressive procedures might be differ- 
ent from those cirrhoties without portal vein thrombosis. 
To test these theoretical considerations, cirrhotic patients 
with and without portal vein thrombosis who had under- 
gone portal decompression for variceal hemorrhage. 


SUBJECTS AND METHODS 


Hospital records of all patients with biopsy-proved ci7rhosis who 
underwent operation for active or previous variceal Femorrhage 
were reviewed from 1972 through April 1978. The patients were all 
treated at Albany (NY) Medical Center and Albany Veterans 
Administration Hospitals. Follow-up information was obtained 
from records of hospital, clinic, and office visits. Included for study 
were patients who could be followed up for at least six months 
after operation. Thus, of the 97 cases reviewed, 86 patients with a 
minimum six months follow-up period were accepted for study. Of 
the 11 patients not accepted, one had portal vein thrombosis. The 
mean length of follow-up in patients without portal vein thrombo- 
sis was 16 months, ranging from a minimum of seven through a 
maximum of 40 months, compared with a mean of 19 mcnths and a 
range of 12 through 43 months in patients with portal vein 
thrombosis. 

Portal vein thrombosis was demonstrated by selective angiogra- 
phy or splenoportography or at operation. Clinical stages of liver 
disease were established using Child's criteria.” Operative circum- 
stances were classified as follows: (1) Elective: All bleeding had 
ceased within seven days of operation without use of splanchnic 
vasoconstrictors or balloon tamponade. (2) Urgent: Bleeding was 
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Table 1 —Clinical Data of Patients With Cirrhosis and 
Variceal Hemorrhage 



















Patent Thrombosed 
Portal Vein Portal Vein 
No. of patients 68 18 
Mean age. yr 55 53 
Median age, yr 51 51 
Age range, yr 14-80 41-68 
Cause of cirrhosis. Nc. 
Laennec s 53 14 
Other 15 4 
Operative circumstanees, No. (96) 
Elective 22 (32) 2 (11) 
Urgent 16 (24) 4 (22) 
Emergency 30 (44) 12 (67) 





Thrombosed 
Portal Vein 
—Ó— 
No. of 
Patients 


Patent 
Portal Vein 
— 
No. of 
Patients 


Albumin, g/dL 
>85 


Encephalopathy 
Minimal 


Child's classificatior® 
Class A 





controlled by eontinued infusion of splanchnic vasoconstrictors; or 
continued slow blood loss necessitated repeated transfusions with- 
in seven days prior zo operation. (3) Emergency: Massive hemor- 
rhage was either uncontrolled or controlled with balloon tampon- 


ade. 
Statistical eomparisons were made using the x? method or the 
Yates’ correction for small numbers." 


RESULTS 
General Considerations 


Of the 86 patients with cirrhosis operated on for previous 
or active variceal nemorrhage, 18 had portal vein thrombo- 
sis. an incidence ef 21% (Table 1). Mean and median ages 
were similar in beth groups of cirrhoties with and without 
portal vein thrombosis, while Laennec’s cirrhosis accounted 
for 78% of the causes in each group. 

A higher proportion of patients with portal vein throm- 
bosis was operated on under emergency, rather than 
urgent or elective circumstances (x? = 3.98; P < .05). 
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Table 3.—Assessment of Mortality and Causes of Death 





Thrombosed 
Portal Vein 


Patent 
Portal Vein 


68 






Causes of Death, No. (96) 
Liver failure/coagulopathy 


Rebleeding 


Preoperative Hepatic Function 


Bilirubin levels were not significantly different in either 
group (Table 2), but a greater percentage of patients 
without portal vein thrombosis had albumin levels less than 
3.0 g/dL (x? = 43; P< 05, Yates’ correction). The inci- 
dence of moderate or severe preoperative encephalopathy 
and ascites was less in patients with portal vein thrombo- 
sis, but the differences were not statistically significant. A 
higher proportion of patients with thrombosed portal veins 
were Child’s class A, while fewer were class C when 
compared with patients who had patent portal veins 
(x? = 407; P « .05, Yates' correction). 


Mortality and Causes of Death 


Table 3 lists the mortality and causes of death during the 
six-month minimum follow-up period. Mortality was high- 
er in patients with portal vein thrombosis, but statistical 
significance could not be demonstrated (x? = 1.81; 
P .05). Accelerated hepatic failure and coagulopathy 
during emergency operations accounted for 73% of deaths 
of patients with patent portal veins, while 80% of deaths in 
cirrhotics with thrombosed portal veins resulted from 
rebleeding from variceal hemorrhage. Of 15 patients with- 
out preexisting portal vein thrombosis whose cirrhosis was 
not caused by chronic alcoholism, four died, whereas of 
four such patients with preexisting portal vein thrombosis, 
two died, one as a result of accelerated hepatic failure, and 
the other because of rebleeding. 


Rebleeding After Operation 


Of the 68 patients with patent portal veins, seven (10%) 
rebled from varices during the follow-up period, while nine 
of the 18 patients with portal vein thrombosis rebled (Table 
4) (x? = 12.0; P< .01, Yates’ correction). In the group 
without portal vein thrombosis, six died as a result of 
variceal rebleeding, the causes of which were shunt throm- 
bosis in three patients following portacaval shunts, and in 
two patients following mesocaval shunt. The remaining 
patient died of a patent but inadequately decompressive 
mesocaval shunt. These findings were established by 
endoscopic demonstration of varices, angiography, and 
autopsy. One patient survived rebleeding after thrombosis 
of a distal splenorenal shunt and subsequent side-to-side 
portacaval anastomosis. Analysis of the operative records 
showed that technical difficulties were encountered in the 
performance of two of the three portacaval shunts that 
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Table 4.—Rebleeding Rates According to 
Type of Procedure 


Patent Portal Thrombosed 
Vein Portal Vein 


Portacaval shunt 
No. 


Rebleeding 
% rebleeding 


Mesocaval shunt 
No. 


Rebleeding 
% rebleeding 


Other operations 
No. 


Rebleeding 
% rebleeding 


thrombosed, while in the remainder there were apparently 
no intraoperative complications. 

Of the nine patients with preexisting portal vein throm- 
bosis who rebled, eight died, five within one week of 
operation, and cause of hemorrhage was established by the 
criteria described above. The surviving patient had sple- 
nectomy done after unsuccessful attempts at construction 
of a proximal splenorenal shunt. This patient has had two 
recurrent bouts of hemorrhage (variceal by endoscopy) but 
has had no further studies or therapy. Of the four patients 
who rebled and died after portal vein thrombectomy and 
portacaval shunt, three had acute shunt thrombosis, and 
one had patient side-to-side shunt but persistent thrombot- 
ic material at the confluence of the splenic and superior 
mesenteric veins. Of the three patients with preexisting 
portal vein thrombosis who rebled and died following 
mesocaval interposition grafts, shunt thrombosis ac- 
counted for two of the deaths. In the other patient, 
angiography demonstrated a patent interposition graft 
but persistent varices as a result of segmentalization (by 
thrombosis) of the left and right sides of the splanchnic 
venous circulation. Finally, two additional patients rebled 
from varices and died, one following proximal splenorenal 
shunt (and many intraoperative technical difficulties), and 
the other after a “makeshift” shunt and splenectomy. 

Analysis of operations in each group showed that in 
patients with patent portal veins there was a statistically 
greater likelihood of variceal rebleeding following interpo- 
sition mesocaval shunting compared with standard porta- 
caval shunting (x? = 4.17; P< .05, Yates’ correction). 
However, in patients with preexisting portal vein thrombo- 
sis, the mesocaval interposition shunt resulted in slightly, 
but not significantly, reduced rates of variceal rebleeding 
compared to the rest of the procedures (x^ = 2.1; P > .05, 
Yates' correction). 


Postoperative Encephalopathy in Survivors 


Of the 42 surviving patients without portal vein throm- 
bosis, 14 had substantial postoperative encephalopathy, 
requiring continued therapy after hospital discharge or 
readmission for treatment, whereas none of the eight 
surviving patients who had porta] vein thrombosis had such 
severe encephalopathy. To make more valid comparisons, 
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Table 5.—Analysis of Encephalopathv 
in Surviving Patients 











Patent Thrombosed 
Portal Vein Portal Vein 


Total surviving patients 42 8 
Staee C survivors 7 0 
4 1 


Staee A or B survivors with 
sFunts other than MCS or 










PCS* 

Rerrainder of survivors included 31 7 
fo. comparison 

No. »f above survivors with ence- 10 0 
pFalopathy 






Incicence of encephalopathy, 96 32 0 


*MCSandicates mesocaval shunt; PCS, portacaval shun’. 





all surviving class C patients with shunts other than 
portaceval or mesocaval anastomoses have been excluded 
in the 7ollowing analysis. Thus, when these patients are 
excluded, 32% of survivors without portal vein thrombosis 
had significant encephalopathy compared with none of the 
survivors with portal vein thrombosis (x^ = 4.95; P < .05, 
Yates’ eorrection). Of the five class A and B survivors with 
patent portal veins included in the above comparison, 
severe »ncephalopathy developed in two after mesocaval 
shunting. 


COMMENT 


This study has confirmed that portal vein thrombosis is 
frequen-ly present in patients with bleeding eosphageal 
varices and cirrhosis. Several findings in the study would 
suggest that clinically these patients represent a different 
subpopwation of cirrhotics. The most significant of these 
findings: was the absence of postshunt encepha opathy in 
the surv ving cirrhoties with portal vein thromkosis when 
compared with the 32% incidence in those with patent 
portal veins. This difference was present despite omission 
of Child 5 elass C survivors (mostly in the group without 
portal van thrombosis) as well as those who had other than 
portacaval or mesocaval shunts, thus allowing for more 
valid comparisons. One interpretation of thi finding 
might be that a higher proportion of surviving patients 
with por al vein thrombosis underwent mesocavel interpo- 
sition operations, so that lack of encephalopathy might be 
attributable to this operation. A functioning anc effective 
mesocavel shunt, however, is hemodynamically similar to a 
side-to-sile portacaval shunt in that both splanchnic as 
well as hepatic portal decompression are achieved."" A 
more likely explanation for the absence of postshunt 
encephalepathy in the group of cirrhotics with pertal vein 
thromboss is that in response to loss of portal flow, 
long-tern compensatory hepatic arterial charges had 
taken plece. Thus, the subsequent portal decompressive 
operations did not alter the preexisting hepatic hemody- 
namics, s»aring further deterioration of hepatic function. 
This observation confirms that of Warren and others’! 
that patients whose portal flows are acutely reduced or 
reversed zfter total or “nonselective” portal decom pressive 
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operations have a high incidence of postshunt encephalopa- 
thy and iver failure. 

When compared with cirrhotics with patent portal veins, 
& significantly greater proportion of those with portal vein 
thrombosis had variceal hemorrhage of such magnitude 
that emergency operation was necessitated. This would 
suggest -hst compersatory collateral flow in these patients 
is less ikely to prevent variceal hemorrhage or that 
bleeding eecurs before adequate collaterals can davelop. 
Along similar lines a greater proportion of patients with 
portal vein thrombesis had less advanced stages cf liver 
disease, possibly because of the total portal obstruction 
resulting in earlier hemorrhage. 

In this series, variceal rebleeding after portal lecom- 
pression in patients without preexisting portal vein throm- 
bosis eceurred in WM% of patients. In this group shunt 
failure eccurred in a higher percentage (33%) of patients 
who hac mesocaval interposition grafts as their primary 
procedure. Since in this procedure the length of presthetic 
graft may be substantial, and kinking of the graft by 
adjacent structures (such as the third portion of the 
duocenum) ean occur readily, shunt thrombosis is a distinct 
possibil ty as observed. Furthermore, in one such patient in 
the series, variceal bleeding recurred despite a patent 
mesocaral interpostion graft. This phenomenon has been 
observed by others * and has been ascribed to altered flow 
patterns as a result of "jet streaming," resuKing in 
diversien of gastrosplenic venous blood away from the 
graft. In the group of eirrhoties with preexisting portal 
vein thrombosis, the prohibitively high (50%) variceal 
rebleeding rate attests to the difficulties in the surgical 
management of such patients. In this group, contrary to 
the greup without portal vein thrombosis, the masocaval 
interposition shun: was slightly, although not significant- 
ly, superior to the other procedures employed. Portal vein 
thrombectomy follbwed by portacaval shunt would appear 
unsatisfactory, as observed in this series, because of the 
chronicity of the thrombotic process, as well as the 
frequent extension of thrombus to areas in which extrac- 
tion of the thrombotic material is difficult. An alternative 
procedure in such patients would be proximal splenorenal 
shunt following s»lenectomy but the technical d'fficulties 
in the performan-e of this operation compared with the 
mesocaval interposition shunt would suggest that ^or many 
surgecns the latter should be the procedure of choice in 
cirrhotie patients with portal vein thrombosis. Variceal 
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rebleeding may occur in a few of these patients after the 
procedure, and angiography should then be performed 
since mesocaval graft thrombosis may not be the course. As 
demonstrated in one such patient in the present study, 
thrombus may have extended to the confluence of the 
splenic and superior mesenteric veins, resulting in segmen- 
talization of the left and right sides of the splanchnic 
venous system.''** The interposition graft would thus be 
prevented from providing adequate variceal decompres- 
sion. Under such circumstances splenectomy should be 
curative. 

In conclusion, this retrospective study would suggest 
that cirrhoties with portal vein thrombosis may well repre- 
sent a subpopulation of patients different from those 
without portal thrombosis. Variceal hemorrhage may occur 
at an earlier stage of progression of liver disease, and the 
likelihood of nonoperative control is less. If after operation 
adequate variceal decompression is achieved in cirrhoties 
with portal vein thrombosis, it may be anticipated that the 
incidence of postshunt encephalopathy will be far less than 
in cirrhotics with patent portal veins who undergo total 
portal decompressive operations. 


This study was supported in part by Public Health Service grant 
AM-18765. 
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Lower Esophageal Sphincter Function After 
Highly Selective Vagotomy 


Jan P. C. M. Oomen, MD; Paul Wittebol, MD, PhD; Wil J. C. Geurts, MD, PhI* Louis M. A. Akkermans, Dr, PhD 


* We evaluated whether highly selective vagotomy (HSV) 
might disturb functional integrity of the lower esophageal 
sphincter (LES). Special interest was directed to changes in 
position of the LES in relation to the diaphragm, LES pressure, 
and pH reflux pattern. The conditions of 20 patients were 
evaluated by manometric studies and by 12-hour overnight pH 
measurements before and 14 days after HSV; five of them were 
also studied one year after HSV. The results indicate: (1) There is 
a slight elongation of the LES in the early postoperative phase, 
which seems to disappear after one year. (2) The position of the 
diaphragm as measured manometrically by the pressure inver- 
sion point descends in relation to the LES 14 days after HSV, and 
it does not seem to return to its original position after one year. 
(3) There is no significant change in LES pressure after HSV. (4) 
There is no increase in reflux after HSV. 

(Arch Surg 114:908-910, 1979) 


Mesum is increasingly performed for treatment of 
peptic ulcer disease. Previous studies report that 
vagotomy does not alter resting lower esophageal sphinc- 
ter (LES) pressure'' although there have been reports on 
esophageal reflux after vagotomy. In recent years, highly 
selective vagotomy (HSV) is being performed more 
frequently instead of truncal and selective vagotomies. At 
the moment, we consider HSV as the operation of choice, 
especially for nonobstructive duodenal ulcer. However, in 
these procedures, mobilization of the distal esophagus and 
cardia of the stomach is necessary to assure completeness 
of vagal denervation. 


Accepted for publication April 9, 1979. 

From the Department of Surgery, University Hospital Utrecht (The 
Netherlands). 

Reprint requests to Department of Experimental Surgery, University 
Hospital Utrecht, Catharijnesingel 101, 3500 CG Utrecht, the Netherlands 
(Dr Akkermans). 
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Table 1.—Manometric Data Pre- and Post-HSV* 
Distance 










This could be a cause for displacement of tke LES in 
relation to the esophageal hiatus, leading to impairment of 
LES fun:tion. In Fig 1, a schematic drawing shows the 
position ef the LES in relation to the diaphragm. The top 
half depicts the normal relationship with the correspond- 
ing press ire tracings; the bottom half shows the theoreti- 
cal displa*ement as could occur after HSV. To verify this 
theoretice] model in clinical practice, we umdertook 
manomet-ic studies and 12-hour overnight pH measure- 
ments in »atients before and after HSV. 


PATIENTS AND METHODS 


Twenty ratients, 15 men and five women who underwent HSV 
for duodenzl ulcer, were investigated preoperatively and 14 days 
postoperati-ely. Their ages varied from 22 to 59 years. Up to now, 
five of them were also evaluated one year post-HSV. None of them 
suffered from preoperative esophageal reflux. 

The mancmetric studies were done with the patient in a 20? 
anti-Trende enburg's position. A catheter, scaled for length 
measuremerts, 2.3 mm in diameter, was used with intraluminal 
pressure traisducers mounted in side fenestrations, spaced 5 cm 
apart and di-ected along the circumference 120° from each other. 
The advantages of this catheter are direct pressure recording, 
small diameter, and no water dripping into the esophagus so as to 
cause a minzmum of disturbance at the recording level and an 
adequate frequence response as compared with the water-filled 
systems. The temperature drift, suggested as one of the disadvan- 
tages of this type of catheter, was not confirmed in a previously 
performed specification control. 

The catheter was passed through the nose into the stor ach. In 
the other nos ril, a thermistor was placed to register respiration 
movements. A strain gauge transducer was placed arovnd the 
neck, enabling us to register deglutition. The catheter was with- 
drawn while recording pressure at 0.5-em intervals; the three 
transducers subsequently passed the cardia and the lower csopha- 
gus. Registrations were made on an oscillographie recorder. The 



















Dis-ance Distance LES-Pressure, 
Length UEES- PIP- % LES mm Hgi 
of LES, P*P, LBES, Below ————S 
cmi cmi cmi PIP? E, E. 










3.2 + 0.9 1.2 = GS 
3.4 + 0.9 16 CT 
2.8 + 


20 —- 0.8 
1.8 + 0.9 














*LES indicates lower esophageal sphincter; PIP, pressure inversion point; UBES, upper berder of esophageal sphincter; LBES, lower border of 
esophageal sphincter; E,, end inspiratory pressure; E., end expiratory pressure. 


1Mean value. 
tMean + SD. 
§Variable. 
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mean of the three values, obtained by each withdrawal procedure, 
is taken into consideration in this report. From the accumulated 
data, the following are of relevance to this study: pressure level in 
the stomach, distanee of the lower border of the esophageal 
sphincter (LBES) to the nostril, maximal LES pressure, the 
distance-of the pressure inversion point (PIP) to the mostril, the 
position of the PIP'in the high pressure zone, the distance of the 
upper border ef the esophageal sphincter to the nostril, and the 
pressure level in the esophagvs. 

After manometrz, a 12-hour overnight pH recording was made 
in the distal esophazus as described by Johnson and De Meester" in 
1974. A pH eleetrode was passed through the nose and positioned 5 
cm above the aphircter zone, as established by previous manome- 
try. A reference electrode was placed on the forearm and a 
continuous 1=hour recording was made on a strip chart record- 
er. 
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Fig 1.—Relationship of lower esophageal sphincter (LES) to 
diaphragm, with corresponding pressure tracings before and 
after highly selective vagotomy (HSV). LBES indicates lower 
border of esophageal sphincter; PIP, pressure inversion point; 
and UBES, upper border of esophageal sphincter. Arrows indi- 
cate pressure transducer in catheter. 


x—End Inspiratory Pressure 
o—End Expiratory Pressure 


LES Pressure Before HSV After HSV 


Fig 2.—Lower esophageal sphincter (LES) pressures before and 
after highly selective vagotomy (HSV). Straight horizontal line 
indicates mean of end inspiratory pressures and dotted horizontal 
line indicates mean of end expiratory pressures. 


A pH less than 3 was defined as a definite reflux period. All 20 | 


patients underwent 12-hour pH measurements preoperatively and 
postoperatively. Again, five patients could be studied one year 
after operation. All data were analyzed by Student's ¢ test for 
paired observations. 


RESULTS 


The results of our measurements partly confirm the 
theoretical model. The results of the manometric studies 
are given in Table 1. There seemed to be a slight elongation 
of the LES as measured 14 days after the operation, which, 
however, was not significant (.5 — P — .60). Also, one year 
after operation, the length of the LES was not significant- 
ly different from the preoperative value (.35 — P < .40). 

The PIP inside the LES was displaced slightly downward 
so that the percentage of the LES below the diaphragm 
decreased significantly from 61+ 17% to 51+ 11% 
(P < .05) 14 days after the operation. This downward 
displacement persists after one year (.60 — P — .70). 

The LES pressures did not alter significantly 14 days 
(.15 < P —.20) and one year (.60 < P< .70) after the 
operation with respect to the preoperative values. The 
ranges of the LES pressures before and after HSV are 
shown in Fig 2. 


Sphincter Function Vagotomy—Oomen et al 909 





Pa 




















Overnight pH Measurement in the Distal Esophagus 
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Fig 3.—Schematic representation of overnight pH measurements 
in distal esophagus. HSV indicates highly selective vagotomy. 


To give an impression of the number and duration of the 
reflux episodes in the distal esophagus as observed in our 
12-hour overnight pH measurements, Fig 3 is used as a 
schematic representation of these measurements for a 
control group and for patients with hiatal incompetence 
and for patients before and after HSV. Table 2 gives the 
results of the 12-hour overnight pH measurements before 
and after HSV. The average number of reflux episodes in 
the 20 patients examined decreased from 19.4 + 16.8 to 
9.2 + 8.7, which was significant (P < .025). However, in 
the first year after the operation, the average number of 
refluxes did increase almost to the preoperative value. 
There was no significant postoperative change in the 
number of reflux episodes with a duration of more than 
five minutes. The average duration of the longest reflux 
episode measured was considerably shorter for the value 14 
days after operation than for the preoperative value 
(P < .005). The average duration of the longest reflux 
episode one year after the operation was even longer than 
the average preoperative one; however, this was not signif- 
icant (.10 — P — .20). The average percentage of time that 
reflux was present was also significantly less 14 days after 
operation (P < .02), but in the first year after operation, 
this returned again to the preoperative value 
(.10 << P< .20). | 

We can conclude that 14 days after HSV, there is 
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Taole 2.—Results of 12-hr Overnight pH Measurements 
in Distal Esophagus Before and After HSV* 
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(n = 20) (n z 20) (n z 5) 












Reflux Variable 

No. cf episodes, 
pH —3 
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0.7 € 0.9 0.3 + 0.7 











2.3 + 4.2 
1.1 x 1.5 


11.1 + 13.4 
315 + 32 













*HSV indicates highly selective vagotomy. 
TMean + SD. 


considerably less reflux than before the operation, but in 
the first year after operation, this phenomenon seems to 
disappear completely. Of course, the group of five patients 
studied one year after the operation is too small in number 
to draw definite conclusions about the situation in the late 
postoperative phase. 


COMMENT 


The cause of the dysphagia, often found after HSV, is 
still debatable. Some authors attribute it to traumatization 
of the esophagus,’ but neurogenic factors can zlso play a 
role in this phenomenon. Our patients often complained of 
dysphag a, but it usually subsided within a month. There 
were no complaints relating to reflux or hiatal hernia after 
HSV. 

A sufficient length of the LES below the diaphragm is 
one of the most important factors in preventing reflux.** 
We found in our patients that although there wes a slight 
downward displacement of the PIP in its relation to the 
sphincter zone, resulting in a slight shortenirg of the 
intra-abdominal portion of the LES after HSV, -eflux did 
not increase as measured by the 12-hour overnight pH 
recording. When, however, the PIP is found preoperatively 
in a marginal position with respect to the LBES, the results 
from our study suggest that HSV should be supplemented 
with a fixing procedure of the cardia. The indication for 
such a procedure can only be given by preoperative 
manometric evaluation of LES function. 
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NUBAIN offers: 
onset, peak and duration 
comparable to morphine 


- 10mg of NUBAIN is comparable in 
analgesic effect to 10 mg of 
morphine 

- Onset of action with NUBAIN 
begins within 9 to 3 minutes |.V., 
and less than 15 minutes I.M. or S.C. 

- Analsesic effect of NUBAIN lasts 
from 3 to 6 hours 


USUAL ADULT DOSE 


NUBAIN: 10 MG pr» 
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| | WITHALOW INCIDENCE 
| | OF SIDE EFFECTS 


Clinical studies show: 

low incidence of nausea, 
vomiting and psychotomimetic 
effects 


IN 27 SINGLE OR CROSS-OVER CLINICAL STUDIES (9,038 DRUG 
EVALUATIONS) THESE SIDE EFFECTS WERE OBSERVED: 
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ORPHINE 0.2% 
MEPERIDINE 0.096 
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*P € 0.05: Statistically significant difference from NUBAIN® (nalbuphine HCI) group. 


pe NUBAIN (1,066 patients) MEPERIDINE (934 patients) 
Key 
MORPHINE (486 »atients) TALWIN* (252 patients) 


1. These clinical studies involved patients with pain 
from a variety of medical causes, including labor, 
cancer, and orthopedic and general surgical pro- 
cedures. Actual number of patients experiencing 


each side effect is shawn in parentheses on the bar do GY POND 
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NUBAIN 


nalbuphine HCI 


OFFERS LOW POTENTIAL 
FOR ABUSE 






— NUBAIN requires no special storage or additional paperwork 
beyond your normal order or prescription. 


— The unique properties of NUBAIN may be found in its molecular 
structure. 
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N 


oL O 
NALOXONE 


— Certain substances, such as NARCAN® (naloxone HCI), counteract 
or antagonize the effects and side effects of potent narcotics, such 
as morphine or NUMORPHAN® (oxymorphone HCI). NUBAIN was 
designed to incorporate important molecular features of the 
antagonist NARCAN and the potent analgesic NUMORPHAN, re- 
sulting in a drug with strong analgesia but limited abuse potential. 
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A clinical summary: 


27 investigations evaluated more than 1,000 medical and surgical 
patients in regard to the effect of NUBAIN upon acute or chronic 
pain. Among these studies are the following, which highlight impor 
tant areas of analgesic use 

— ORTHOPEDICS — this study encompassed 52 patients and com 
pared NUBAIN to meperidine. Treatment varied from 1 to 40 days. 
NUBAIN was found to deliver satisfactory analgesia with no overt 
evidence of physical tolerance. 
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NUBAIN 


nalbuochine HCI 


DESCRIPTION 


NUBAIN (nalbuphine hydrochloride) is a synthetic narcotic agonist-antagonist analgesic of the 
phenanthrene series. It is chemically related to both the widely used narcotic antagonist, naloxone, and 
the potent narcotic analgesic. oxymorphone. 


NALBUPHINE HYDROCHLORIDE 


(-)-17-(cyclobutylmethyl) -4, Sa-epoxy = 
morphinan-3, 6a, 14-triol hydrochloride 


HCI 





Each ml of the injectable aqueous solution of NUBAIN contains 10 mg of nalbuphine hydrochloride. 


ACTIONS 


NUBAIN is a potent analgesic. Its analgesic potency is essentially equivalent to that of morphine ona 
milligram basis. 

Its onset of action occurs within 2 to 3 minutes after intravenous administration, and in less than 15 
minutes following subcutaneous or intramuscular injection. The plasma half-life of nalbuphine is 5 
te and in Clinical studies the duration of analgesic activity has been reported to range from 3 to 6 

Ours. 
The narcotic antagonist activity of NUBAIN is one-fourth as potent as nalorphine and 10 times that of 


pentazocine. 
INDICATIONS 


For the relief of moderate to severe pain. NUBAIN can also be used for preoperative analgesia, as a 
Supplement to surgical anesthesia, and for obstetrical analgesia during labor. 


CONTRAINDICATIONS 
NUBAIN should not be administered to patients who are hypersensitive to it. 


WARNINGS 


Drug Dependence NUBAINhas been shown to have a low abuse potential which is approximate to 
that of pentazocine. When compared with drugs which are not mixed agonist-antagonists, it has been 
reported that nalbuphine's potential for abuse would be less than that of codeine and propoxyphene. 
Psychological and physical dependence and tolerance may follow the abuse or misuse of nalbuphine. 
Therefore, caution should be observed in prescribing it for emotionally unstable patients, or for 
individuals with a history of narcotic abuse. Such patients should be Closely supervised when long- 
term therapy is contemplated. l 

Care should be taken to avoid increases in dosage or frequency of administration which in 
susceptible individuals might result in physical dependence. 

Abrupt discontinuation of NUBAIN following prolonged use has been followed by symptoms of 
narcotic withdrawal, i.e., abdominal cramps, nausea and vomiting, rhinorrhea, lacrimation, 
restlessness, anxiety, elevated temperature and piloerection. 


Use in Ambulatory Patients NUBAIN may impair the mental or physical abilities required for the 
performance of potentially dangerous tasks such as driving a car or operating machinery. Therefore, 
NUBAIN should be administered with caution to ambulatory patients who should be warned to avoid 
such hazards. 


Use in Emergency Procedures Maintain patient under observation until recovered from 
NUBAIN effects that would affect driving or other potentially dangerous tasks. 


Use in Children Clinical experience to support administration to patients under 18 years is not 
available at present. 


Use in Pregnancy (other than labor) Safe use of NUBAIN in pregnancy has not been 
established. Although animal reproductive studies have not revealed teratogenic or embryotoxic 
effects, nalbuphine should only be administered to pregnant women when, in the judgement of the 
physician, the potential benefits outweigh the possible hazards. 


Use During Labor and Delivery NUBAIN can produce respiratory depression in the neonate. It 
Should be used with caution in women delivering premature infants. 


Head Injury and Increased Intracranial Pressure The possible respiratory depressant effects 
and the potential of potent analgesics to elevate cerebrospinal fluid pressure (resulting from 
vasodilation following CO, retention) may be markedly exaggerated in the presence of head injury, 
intracranial lesions or a pre-existing increase in intracranial pressure. Furthermore. potent analgesics 
can produce effects which may obscure the clinical course of patients with head injuries. Therefore. 
NUBAIN should be used in these circumstances only when essential, and then should be admi nistered 
with extreme caution. 


Interaction With Other Central Nervous System Depressants Although NUBAIN possesses 
narcotic antagonist activity, there is evidence that in nondependent patients it will not antagonize a 
narcotic analgesic administered just before. concurrently, or just after an injection of NUBAIN 
Therelore, patients receiving a narcotic analgesic, general anesthetics, phenothiazines. or other 
tranquilizers. sedatives, hypnotics. or other CNS depressants (including alcohol) concomitantly with 
NUBAIN may exhibit an additive effect When such combined therapy is contemplated, the dose of one 
or both agents should be reduced 


PRECAUTIONS 


Impaired Respiration At the usual adult dose of 10 mg/70 kg, NUBAIN causes same respiratory 
depression approximately equal to that produced by equal doses of morphine. However, in contrast to 
morphine, respiratory depression is not appreciably increased with higher doses of NUBAIN. 
Respiratory depression induced by NUBAIN can be reversed by NARCAN ® (naloxone hydrochloride) 
when indicated. NUBAIN should be administered with caution at low doses to patients with impaired 
respiration (e.g. from other medication, uremia, bronchial asthma, severe infecticn, cyanosis or 
respiratory obstructions). 


Impaired Renal or Hepatic Function Because NUBAIN IS metabolized in the liver and excreted 
by the kidneys, patients with renal or liver dysfunction may overreact to customary doses. Therefore. in 
these individuals, NUBAIN should be used with caution and administered in reduced amounts. 


Myocardial Infarction As with all potent analgesics, NUBAIN should be used with caution 
in patients with nyocardial infarction who have nausea or vomiting. 


Biliary Tract Surgery As with all narcotic analgesics, NUBAIN should be used with caution in 
patients about toundergo surgery of the biliary tract since it May cause spasm of the spaincter of Oddi 


ADVERSE REACTIONS 


The most frequent adverse reaction in 1066 patients treated with NUBAIN is sedati an (381, 36%) 

Less frequent reactions are: Swealy/clammy (99, 9%), nausea/vomitirg (68, 6%), 
dizziness/vertige (58, 5%), dry mouth (44, 4%), and headache (27, 3%). 

Other adverse reactions which may occur (reported incidence of 1% or less) are 


CNS Effects — vervousness, depression. restlessness. crying, euphoria, floating, hcstility unusual 
dreams, confusien, faintness, hallucinations, dysphoria, feeling of heaviness, numbness, tingling, 
unreality. The inc dence òf psychotomimetic effects. such as unreality, depersonalizat on, delusions. 
dysphoria and hallucinations has been shown to be less than that which occurs with 3entazocine 


Cardiovascular Hypertension, hypotension, bradycardia, tachycardia 
Gastrointestinal Cramps, dyspepsia, bitter taste. 

Respiration Depression. dyspnea, asthma. 

Dermatological Itching, burning, urticaria 

Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing and wemth. 


DOSAGE AND ADMINISTRATION 


The usual recommended adult dose is 10 mg for a 70 kg individual, administered st bcuteneously. 
intramuscularly cr intravenously: this dose may De repeated every 3 to 6 hours as necessary Dosage 
Should be adjusted according to the severity of the pain, physical status of the patent, and other 
medications which the patient may be receiving. (See Interaction with Other Central N?rvous System 
Depressants under WARNINGS.) In non-tolerant individuals, the recommended single maximum dose 
is 20 mg, with a maximum total daily dose of 160 mg 


Patients Dependent on Narcotics Patients who have been taking narcotics chronically may 
experience withdrawal symptoms upon the administration of NUBAIN. If unduly troublesome. narcotic 
withdrawal symptoms can be controlled by the slow intravenous administration of smal increments of 
morphine, until r-lief occurs. If the previous analgesic was morphine, meperidine, co¢eine, or other 
narcotic with similar duration of activity, one-fourth of the anticipated dose of NUBAIN can be 
administered initially and the patient observed for Signs of withdrawal, i.e., abdominal cramps, nausea 
and vomiting, lacrimation, rhinorrhea, anxiety, restlessness, elevation of temperature or iloeraction. If 
untoward symptoms do not occur, progressively larger doses may be tried at appropriate intervals until 
the desired level «f analgesia is obtained with NUBAIN. 


Management of Overdosage The immediate intravenous administration 3f NARCAN* 
(naloxone hydrochloride) is a specific antidote. Oxygen. intravenous fluids, vasopressors and other 
Supportive measures should be used as indicated 

The administration of single doses of 72 mg of NUBAIN intramuscularly to eight ncrmal subjects 
has been reporlec to have resulted primarily in symptoms of sleepiness and mild dysphoria. 


HOW SUPPLIED 


NUBAIN® (nalbuphine hydrochloride) injection for intramuscular subcutaneous, «r intravenous 
use (10 mg/ml) is available in: 

NDC #0056-C385 10 mg/ml, 1 ml ampuls (box of 10) 

NOC #0056-€384 10 mg/ml, 2 ml ampuls (box of 10) 

NDC #0056-C386 10 mg/ml, 10 ml vials 

Each ml contains 10 mg nalbuphine hydrochloride, 0.1% sodium chloride, 0.94% sodium citrate 
1.26% citric acid anhydrous, 0.1% sodium melabisulfite, and 0.2% of a 9:1 mixture of Methy\paraben 
and propylparabe as preservative; pH is adjusted with hydrochloric acid 
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Physi 


cal Characteristics of Implanted 


Polytetrafluoroethylene Grafts 


A Preliminary Report 


Richard F. Kempczinski, MD 


e Despite the widespread clinical use of polytetrafluoroethyl- 
ene (PTFE) grafts, few reports dealing with their physical prop- 
erties have-appeared n the literature. In the past 20 months, 17 
such grafts-have »eervimplanted into 15 patients threatered with 
limb loss. with an 88% immediate graft patency. Postoperatively, 
all patients underwert periodic evaluations; arteriograms were 
obtained in four. The »ffect of knee flexion on graft function was 
also studied. All grafts were found capable of withstanding cuff 
pressures in excess ef 300 mm Hg without occlusion. With 90? 
flexion, the grafts kinxed crossing the knee joint but a pressure 
gradient or decrease n pulsatile blood flow did not develop. This 
remarkable resistance to external compression should render 
these grafts especially valuable for extra-anatomic bypass. 

(Arch Surg 11$4:917-919, 1979) 


he first cliniea use of polytetrafluoroethylene (PTFE) 

as a vascular zraft was in the portal venous system.’ 
Early experimentzl results as an arterial substitute were 
equally encouraging.’ Since then, the manufacturer (W. L. 
Gore & AssoGates Inc) estimates that more than 60,000 
such grafts have been implanted in humans. Despite such 
widespread applicetion, there have been no reports describ- 
ing the unique paysical characteristics of this material 
following implantation. 


MATERIAL AND METHODS 


In the past 2@morths, 6-mm straight, tube grafts of PTFE were 
inserted into 17 legsof 15 patients at the Veterans Administration 
Hospital, Denver. All patients were facing impending limb loss 
and a suitable autogenous saphenous vein was not available. In all 
cases, the proximal znastomosis was to the common femeral artery 
or te the limb of a previous aortofemoral graft. The distal 
anastomosis was to the popliteal artery below the knee (ten) or to 
individual cal* arteries (seven) All grafts were placed in a 
subsartorial tunnel and crossed the popliteal fossa between the 
heads of the gastreenemius muscle. The length of eack graft was 
carefully tailored s» that with the knee fully extended there was 
no tension om eitier anastomosis and the graft lay, without 
redundamey. elose to the course of the normal vessel. In the 
recovery room, all patients received aspirin suppositorizs (650 mg) 
twiee daily. When they were able to take medication orally, they 
were given aspirir (325 mg) twice daily and sulfinpyrazone (200 
mg) four times daily. This therapy was continued for six 
months. 


Vascular Laboratory Studies 


All patients were seen in the vascular diagnostic laboratory 
preoperatively ard at regular postoperative intervals. Studies 
included segmental limb pressure (SLP) and pulse volume record- 
ing (PERV) at the -high, calf, and ankle of each leg. The technical 
details of such studies have been previously described.’ 
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In addition to these standard determinations, the knee was 
flexed 90? and a repeated measurement of the calf SLP and PVR 
was obtained on patients with patent PTFE grafts. 


Arteriography 


Standard, biplane, translumbar arteriograms were obtained for 
all patients preoperatively. Following completion of the distal 
anastomosis and passage of the graft through its subsartorial 
tunnel, intraoperative arteriograms were obtained to confirm the 
adequacy of the anastomosis and to assess distal runoff. 

Four legs with patent PTFE grafts were studied arteriographi- 
cally at intervals ranging from two weeks to two months postim- 
plantation. In addition to posteroanterior (PA) views, the knee of 
the grafted leg was flexed 90? and lateral arteriograms were 
obtained. 

In one leg with a PTFE femoropopliteal graft, a large (18 x 36- 
em bladder) pneumatic cuff was placed around the thigh prior to 
arteriography. The cuff was inflated to 300 mm Hg and a PA 
arteriogram was obtained. 

One of our cases was uniquely informative and is described in 
detail. 


REPORT OF A CASE 


A 67-year-old man with chronic atrial fibrillation and no his- 
tory of claudication came to his family physician with the sudden 
onset of a cold, painful, right leg. He was treated expectantly 
for four months despite severe, progressive pain at rest. When 
cyanosis of the foot developed, he was referred to the vascular 
service. 

Arteriograms were obtained shortly after admission and de- 
monstrated complete occlusion of the right superficial femoral, 
popliteal, and proximal tibial arteries. The remaining vessels in 
the abdomen and lower left leg were patent and remarkably free 
of atherosclerosis. 

Rather than proceeding immediately with a graft to the small, 
distal, anterior tibial artery, which was the only patent vessel 
demonstrated below the knee, the popliteal artery was explored. It 
was soft, but filled with thrombus. Despite the chronicity of the 
embolus and the extent of the distal thrombosis, it was decided to 
attempt balloon catheter thromboembolectomy through a popliteal 
arteriotomy. Following multiple passes of the catheter, both 
distally into each of the tibial arteries and proximally to the 
common femoral artery, a large amount of thrombus was recov- 
ered and blood flow was restored. However, the arterial thrombus 
had begun to organize and could not be completely removed. An 
intraoperative arteriogram of the superficial femoral artery 
demonstrated multiple, small filling defects along its course. 

Since this vessel was unlikely to remain patent, it was decided to 
proceed with a PTFE femoropopliteal graft. The patient’s own 
superficial femoral artery was not ligated. Postoperatively, pedal 
pulses were easily palpable and the right foot was free of pain. To 
prevent further emboli from his heart, the patient received 
full-dose heparin therapy for five days, and then therapy was 
converted to warfarin sodium. 

Arteriograms were obtained two weeks later and demonstrated 
patency of both of PTFE graft as well as the patient’s own artery 
(Fig 1 to 3). Despite this competitive flow, the graft remained 
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Fig 1.—Right femoral arterio- 
gram demonstrating a patent 
PTFE femoropopliteal bypass 
graft (arrows) and patent super- 
ficial femoral artery. 


Fig 2.—Femoral arteriogram with 
pneumatic cuff around thigh (ar- 
rows) inflated to 300 mm Hg. All 
normal arterial flow is occluded 
by cuff but continues through 
PTFE graft. 





patent for more than three months, as confirmed by vascular 
laboratory studies. When the patient returned for his six month 
postoperative checkup, he was asymptomatic and pedal pulses 
were still palpable in his right foot. However, the SLP of his right 
thigh, which had previously been > 300 mm Hg, was now only 155 
mm Hg. And arteriogram confirmed graft occlusion. 

Two months later, the distal popliteal artery on the right 
occluded, but the leg remained free of pain at rest. Since the 
patient was not severely limited by his claudication, further 
revascularization was not undertaken. 


RESULTS 
Eighty-eight percent (15/17) of PTFE grafts were 
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Fig 3.—Arteriogram with right knee flexed 90°. Top, Early phase 
of injection showing rapid flow in femoral artery (A) that crosses 
joint withou: kinking. Bottom, Several seconds later, artery is now 
emptying ard PTFE graft (G) is opacified, demonstrating obvious 
kink at knee joint. 


patent at tae time of discharge, and all of these legs were 
salvaged. The remaining two grafts were to isolated, small 
tibial arteries in desperate clinical situations. Both 
occluded within 24 hours and the legs required amputation. 
Followup is presently inadequate to draw meaningful 
conclusions on long-term graft patency. 

Segmental limb systolic pressures in all patients with 
patent PTFE grafts demonstrated incompressibility of the 
graft in the thigh despite cuff pressures up to 300 mm Hg. 
This observation was confirmed arteriographically (Fig 2), 
where the graft was seen to collapse centrally but maintain 
parallel, patent channels peripherally. This finding was 
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Fig 4.—Arteriogram of “ight femoropopliteal PTFE graft om anoth- 
er patient two months after implantation. There is kink (amow) in 
graft as it crosses knee, but flow does not appear to be 
impeced. 
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Fig 5.—Segmental caf systolic pressure UMS and PVR in the 
patient whose arteriagram is shown in Fig 4 demonstrating no 
change im pressure or flow across the knee when it is flezed 90°. 
Left, Knee-straight, S.P 130 mm Hg. Right, 90? flexion, SLP 125 
mm Hg. 


present in the immediate postoperative period end has 
persisted in our longest followup period (ten months). In 
addition, 29% (2/7) of the femorotibial bypass grafts were 
to the d:stal part of the lowerleg, thus completely spanning 
the area beneath tie calf cuff. In both cases, the postoper- 
ative calf cuff pressure was > 300 mm Hg, indicating a 
similar inability tc occlude graft flow. 

All feur legs in which postoperative arteriograms were 
obtained demonstrated obvious kinking of the graft as it 
crossed the fiexec knee (Fig 3). This finding persisted 
unchanged as late as two mcnths postimplantatior (Fig 4). 
However, in no case did this kink appear to impede blood 
flow as verified by the absence of a pressure gradient or an 
alteration in the PVR across the flexed knee (Fig 5). 


COMMENT 


The PTFE grefts are composed of expandel Teflon 
arranged as nodu‘es conneczed by thin fibrils. This materi- 
al was origirally developed for industrial use as sealing 
tape for pipe ‘fittings, but, with suitable modifieation, is 
now finding widespread use as a vascular substitute in a 
variety of challemging clirical situations. In addition to 
successful replacement of the vena cava'*^ amd portal 
vein,’ it has been ased as a small arterial substitute in dogs 
with excellent patency. Based on such encouraging 
experimental resalts, it was used clinically in limb salvage 
situations in which autogenous vein was not avai able, and 
early life table analysis of such patients indicates patency 
rates eomparabb with those achieved with saphenous 
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for more than three months despite competitive, parallel 
flow in the superficial femoral artery suggests a remark- 
able degree of thromboresistance. 

This thromboresistance has been attributed to several 
characteristies. Internodal pore size, which can be altered 
during graft fabrication, was quickly found to be critical. 
When it averaged 22 y or less, there was complete fibro- 
blastic ingrowth thru the graft with formation of a thin, 
adherent neointima, resulting in a graft patency of 88%.’ 
Greater average pore size led to a precipitous decrease in 
patency. 

The PTFE is remarkably inert and provokes little 
surrounding inflammation. In addition, the pores have a 
strong, electronegative potential. Both features are 
believed important in the graft’s resistance to thrombo- 
SIS.’ 

Several authors?'^ have described a progressive neointi- 
mal fibrous hyperplasia in canine PTFE grafts that could 
be suppressed by pretreating the animals with antiplatelet 
drugs.^ All of our patients have received aspirin and 
sulfinpyrazone immediately postoperatively, and have 
been maintained on this regimen for six months. We have 
not yet had the opportunity to examine any long-term 
grafts histologically to evaluate the efficiency of this 
regimen. 

The marked resistance to pneumatic compression of 
PTFE grafts in the leg is a characteristic unique to this 
material and one that we have not observed with either 
Dacron or autogenous vein in a similar position. Further- 
more, although these grafts kinked when crossing the 
flexed knee, a pressure gradient or decrease in pulsatile 
blood flow across this area was not demonstrable. This 
physical characteristic should render PTFE especially suit- 
able for extra-anatomic bypasses in which the grafts lie in 
a subcutaneous tunnel and are vulnerable to extrinsic 
compression. 

Although the precise explanation for the remarkable 
thromboresistance of PTFE grafts has not been defined, it 
is clear that they possess several, unique physical charac- 
teristics that warrant continued clinical trial. 


References 


1. Soyer T, Lempinen M, Cooper P, et al: A new venous prosthesis. 
Surgery 72:864-872, 1972. 

2. Matsumoto H, Hasegawa T, Fuse K, et al: A new vascular prosthesis 
for a small caliber artery. Surgery 74:519-5238, 1973. 

3. Kempezinski RF, Rutherford RB: Current status of the vascular 
diagnostic laboratory, in Rob C (ed): Advances in Surgery. Chicago, Year 
Book Medical Publishers, Inc, 1978. 

4, Fujiwara Y, Cohn LH, Adams D, et al: Use of Gortex grafts for 
replacement of the superior and inferior venae cavae. J Thorac Cardiovasc 
Surg 67:774-779, 1974. 

5. Smith DE, Hammon J, Anane-Sefah J, et al: Segmental venous 
replacement: A comparison of biological and synethetic substitutes. 
J Thorac Cardiovasc Surg 69:589-598, 1975. 

6. Norton L, Eiseman B: Replacement of portal vein during pancreatec- 
tomy for carcinoma. Surgery 77:280-284, 1975. 

7. Campbell CD, Goldfarb D, Roe R: A small arterial substitute: 
Expanded microporous polytetrafluoroethylene: Patency versus porosity. 
Ann Surg 182:138-143, 1975. 

8. Burnham SJ, Flanigan DP, Goodreau JJ, et al: Nonvein bypass in 
below-knee reoperation for lower limb ischemia. Surgery 84:417-424, 1978. 

9. Fry PD, Robertson ME: Initial experience with the polytetrafluoroeth- 
ylene graft for limb salvage. Am J Surg 136:193-197, 1978. 

10. Oblath RW, Buckley FO Jr, Green RM, et al: Prevention of platelet 
aggregation and adherence to prosthetic vascular grafts by aspirin and 
dipyridamole. Surgery 84:37-43, 1978. 


Polytetrafluoroethylene Grafts—-Kempczinski 919 





in selected patients with j 
nonobstructive urinary retention 


INJECTION: 5 mg/ml, for subcutaneous use only 
TABLETS: 25 mg, 10 mg, and 5 mg 
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for the treatment of acute postoperative and post 


obstructive (functional) urinary retention and for neurogenic atony — 


of the urinary bladde- with retention | | 
e helps initiate micturition and empty the bladder 


e often makes bladder catheterization unnecessary 
e available in injec-able and oral forms 


URECHOLINE (Bethanechol Chloride, MSD) should not be used 
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In the management 
of nonobstructive 
urinary retention, 


the advantages of the 
catheter must be 
weighed against its 
potential dangers. 


Catheterization to correct acute 
urinary retention is often manda- 
tory. However, in other situations 
its benefits should be weighed 
against the trauma and discomfort 
it'can cause and the fact that 
infection following a single 
catheterization is a possibility. 
Moreover, the incidence rises 
dramatically after an indwelling 
catheter has been in place for 96 
hours, even with a closed sterile 
system. 
~ Incidence of Infection 
Following Catheterization 
Single Catheterization 
1% to 2% | 
Indwelling Catheterization 
approaching 30% to 50% 
at 96 hours 


Injection URECHOLINE (Bethane- 
chol Chloride, MSD) is for 
subcutaneous use only. If it is given 
intramuscularly or intravenously, 
violent symptoms of cholinergic 
overstimulation, such as circula- 
tory collapse, fall in blood pressure, 
abdominal cramps, bloody diar- 
rhea, shock, or sudden cardiac 
arrest are likely to occur. 


Although rare, these symptoms 
have occurred after subcutaneous 
injection and may occur in cases 
of hypersensitivity or overdosage. 


Atropine is a specific antidote. 

A syringe containing a dose, for 
adults, of 0.6 mg (1/100 grain) 
atropine sulfate should always be 
available to treat symptoms of 
toxicity. Use proportionately 
smaller amounts for children. 
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Arterial Velocity Measurements 
With Doppler Flowmeters 


Perry M. Shoor, MD; Arnost Fronek, MD, PhD; Eugene F. Bernstein, MD, PED 


* A controlled in vitro and in vivo comparative evaluation of 
four Doppler ultrasonic blood velocimeters was performed to 
evaluate their ability to measure fluid velocity throughout a wide 
range of flow rates and velocity profiles, during both steady and 
pulsatile flow. The instruments tested were the Versatone Bidi- 
rectional Doppler M-9, the Sonicaid BV380, the Parks 806 B, and 
the Delalande DUD 400. All instruments responded linearly to 
velocities of from 5 to 70 cm/s, and were accurate to within 596 
through a wide range of in vitro changes in velocity, pulse 
frequency, and cross-sectional velocity profile. Quantitative 
velocity measurements and their derivatives are an inexpensive, 
simple, and useful tool in the evaluation conditions of patients 
with peripheral vascular disease, and widespread clinical trials 
of their value are appropriate at this time. 

(Arch Surg 114:922-928, 1979) 


T he clinical usefulness of the continuous wave (CW) 
transcutaneous Doppler flowmeter was widely recog- 
nized soon after its development in the early 1960s by 
Satomura' and by Franklin et al; At first limited to the 
detection of the presence or absence of flow, the addition of 
direction-resolving circuitry by Histand et al provided 
quantitative velocity measurement in the initial evaluation 
and follow-up of patients with peripheral vascular 
disease." Such data have proved quite useful in defining 
the clinical and functional importance of peripheral vascu- 
lar disease, both at the time of initial observation and at 
later intervals, to quantify the effects of therapy and the 
rate of disease progression.'^ 
A comparison of transcutaneous Doppler flowmeters for 


sound is reflected from stationary objects witkout change 
in frequency, but moving objects, such as RBCs in flowing 
blood, eause a shift in frequency proportional to their 
velocity: the Doppler effect. With CW Doppler instru- 
ments, this reflected ultrasonic beam is detected by a 
second piezoelectric crystal that converts the resultant 
frequeney difference into a proportionate voltage. The 
shifted frequencies produced by motion are compared with 
the emi:ted frequency and are related in the Doppler 
equation f = (25V.)/c, where f indieates Doppler fre- 
quency shift; f, transmitted frequency; V.,,, component 
of cell ve ocity along the ultrasound beam (as a function of 
angle); and, c, velocity of ultrasound in tissue. 

In general, the average frequency shift is proportional to 
the mear velocity of blood over the cross-section of the 
vessel illuminated by the ultrasonic beam. Zero-crossing 
circuitry is used to determine the average frequency shift 
and to convert it to a proportional electrical signal in all the 
Doppler velocity meters tested in this study, which also use 
relatively similar circuitry to provide direction-sensitive 
demodulation.” 


MATERIALS AND METHODS 


The instraments evaluated in this study were the Versatone 
Bidirectional! Doppler Model 9 with option 903, the Sonicaid 
BV380 Doppler, the Parks 806 B and 806 C Directional Dopplers, 
and the Delalande DUD 400. To fully characterize each instru- 
ment, a systematic in vitro protocol was designed to mimic the 
wide range of conditions that might be encountered during in vivo 
situations. The in vitro studies allowed rigid control of all variables 


semiquantitative arterial velocity studies was published by Y make n3 dt VES and comparisons 
one of us (E.B.) in 1970.' Subsequently, a newer generation tween the instruments, These were Seed hoe by ee 
f ULLA comparison cf measurements and tracings obtained from an 
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electronic and piezoelectric technology. A comparative 
evaluation of the performance capability and relative 
usefulness for clinical application of four of these newer 
systems forms the basis of this report. 


THE DOPPLER PRINCIPLE 


The application of an oscillating current to a piezoelec- 
tric crystal produces a constant-frequency beam of ultra- 
sound that can be directed transcutaneously toward a blood 
vessel. Transmission of the ultrasound from the crystal to 
the skin is facilitated by an acoustic coupling gel. Ultra- 
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anesthetized dog’s intact carotid artery. Finally, a detailed evalu- 
ation of funetional design and versatility was carried out for each 
velocity meter from the viewpoint of the clinical user. 


In Vitro Test Protocol 


Each instrument was evaluated for the following aspects. 

(1) Optimally efficient probe angle: During steady velocities of 
both 19 and 41 em/s, the angle subtended by the pencil probe was 
varied in 2.5? increments from 37.5? to 70? to obtain the maximum 
Doppler frequency shift in triplicate trials." 

(2) Calibratien against measured velocity: With the pencil probe 
set at the previously determined optimum angle, Doppler voltage 
output was reecrded throughout the velocity range of from 5 to 80 
cm/s and compared with the velocity calculated from the flow 
measurement cbtained with a rotameter. Both linearity and 
sensitivity were evaluated. ! 

(3) Accuracy n the presence of disturbed flow: During in vitro 
constant flow, a !-em wide screw clamp positioned consecutively at 
2, 4, and 6 cm proximal to the Doppler beam was progressively 
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Fig 5.—Constricting lesions proximal to Doppler probe, resulting in minor 
variations in accuracy of four meters tested, to varying degrees. 


tightened to produce increasing flow disturbances. 

(4) Ability to accurately measure velocity during pulsatile flow: 
A pulsatile pump produced pulsatile flow at rates of from 60 to 180 
beats per minute and at pressures of between 70 and 130 mm Hg. 
Flow rates were measured with an electromagnetic (EM) cannu- 
lating flow probe and a multichannel recorder and were compared 
with instantaneous Doppler velocity tracings. Both the Doppler 
and the EM flowmeter outputs first were calibrated against the 
rotameter during steady flow. The a value (a dimensionless 
quantity based on the first harmonic of the heart rate, which 
characterizes the nature of the instantaneous velocity profile) was 
varied within the range found in the named vessels of the human 
peripheral arterial tree. The ability of the Doppler circuitry to 
measure disturbed pulsatile flow was tested by positioning a screw 
clamp 3 em proximal to the ultrasonic beam and producing 50%, 
75%, and 87% reductions in flow as measured by the EM flow 
probe. Finally, the pulsatile pump was modified to produce reverse 
flow during early diastole, allowing evaluation of the Doppler 
direction-resolving circuitry in comparison with that of the EM 
flow probe. 

(5) Signal-noise (S:N) ratio: As a measure of the sensitivity of 
each instrument, the S:N ratio (noise being characterized as all 
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processed signals at no-flow conditions) was determined at 10 and 
90 cm/s. The peak-to-peak signal voltage was measured on an 
oscilloscope and compared with the residual voltage output 
remaining after mechanical occlusion of flow in the test circuit. 


In Vitro Test Apparatus 


In the steady-flow studies, a circuit developed in this laboratory 
specifically for calibration of Doppler flowmeters was used (Fig 
l)." This apparatus included a 15-L overhead reservoir and a 
5/32-inch rotameter. A machined lucite Doppler-probe holder was 
located greater than 250 diameters downstream and pe-mitted 
moving the test probes through a wide arc in relation to the flow 
direction. Each probe was adjusted so that the piezoelectric crystal 
was 1 em from the tubing surface and acoustic contact was 
maintained with a conductive gel. A cannulating 3.5-mm EM flow 
probe was placed 20 em distal to the Doppler probe and connected 
to an EM flowmeter. The 0.5% fractionating column (Seohadex 
G-50) in normal saline perfusate was collected in a 1,000-mL 
beaker and pumped back to the reservoir with a roller pump to 
maintain a coastant reservoir fluid level. 

The 0.4 em rotameter was calibrated in triplicate against 
stopwatch-timed collections into graduated glass cylinders at 20 
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Fig 6.—Degree of maximum error in quantifying peak velocity 
during pulsatile fiow at varying frequencies. Error never 
exceeded 6% of electromagnetically measured values in these in 
vitro studies. 


points in the useful velocity range. The calibration scale was 
corverted into veloeity (em/s) by dividing the flow by the cross- 
sectiona! area of the polyvinyl tubing (0.0875 cc). 


In Vivo Test Protocol 


Each instrument was also tested on the common carotid artery 
of an anesthetized adult mongrel dog. Velocity tracings were 
recorded both tramseutaneously and directly over the exposed 
artery, which permitted optimum probe positioning. The tracings 
were qualitatively compared with those produced by an appro- 
priate EM cuff probe positioned 2 cm distal to the Doppler 
probe. 


RESULTS 
In Vitro Tests 


Figure 2 shows the Doppler frequency shift (expressed 
in voltage output) as a function of probe angle for each of 
the instruments tested at a constant velocity of 41 cm/s. 
The optimum angle was found to be quite similar for three 
of the four probes, with the Delalande probe registering a 
maximum Doppler shift at a much more acute angle than 
did the others. A rapid decrease in voltage was seen with 
increasing acuteness of probe angle. In general, at greater 
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than 4? to either side of the optimum angle, there was a 
progressively greater than 10% error in the measured 
velocity. The Delalande instrument demonstrated a slight- 


ly less critical relationship between probe angle and — 


voltage output about the optimum angle than did the other 
three instruments. 

Figure 3 displays the calibration curves of the Parks 806 
B, Sonicaid, Versatone, and Delalande directional Doppler 
instruments. All four instruments were capable of accu- 
rately measuring steady flow at velocities up to 80 cm/s. 
Velocities slower than 5 cm/s cannot be reliably measured 
with zero-crossing circuitry, since frequencies less than 200 
Hz are filtered to eliminate the processing of ultrasound 
reflected by the pulsating arterial wall. Although each of 
the instrument calibration curves were highly reproduc- 
ible, all were slightly curvilinear in differing velocity 
zones. However, this minor nonlinearity did not interfere 
with the instrument's ability to provide quantitative 
measurements once an appropriate calibration curve was 
available. 

A calibration curve for the Parks 806 C is shown in Fig 4. 
This device is a 10-mHz CW Doppler flowmeter designed 
for recording velocity tracings from smaller superficial 
vessels, such as the supraorbital artery. It has a 5,000-Hz 
upper band-pass filter, which makes it progressively less 
sensitive at velocities greater than 35 em /s. 

The effect of flow disturbances at varying velocities 
produced by progressively narrowing the lumen at varying 
distances proximal to the Doppler probe is shown on Fig 5. 
All instruments continued to accurately measure flow 
decreases despite the disturbed flow caused by increasing 
stenoses proximal to the probe. Under the conditions 
studied, the only consistent alteration produced by 
stenoses of up to 87% reduction in flow was a slight 
reduction in measured Doppler frequency shift when the 
stenosis was 2 cm proximal to the probe. 

The ability of the instruments to measure more complex 
flow patterns and velocity profiles during pulsatile arterial 
flow conditions is shown in Fig 6. The peak velocity 
measured by the ultrasonic velocity meter was expressed 
as the percent of difference from that measured with the 
EM flowmeter for periodic pulsatile flows of increasing 
frequency. All four Doppler velocity meters were accurate 
to within 5% at pump rates up to 180 beats per minute in 
spite of the varying velocity profiles characterized by a 
wide range of a values. The effects of progressive tighten- 
ing of a screw clamp 3 cm proximal to the probe were 
similar in each machine and resulted in no greater inaccu- 
racy than the minimal alterations produced during steady 
flow conditions. 

Figure 7 illustrates the capability of each instrument to 
sense more complex flow patterns, including reverse flow 
components, generated by the pulsatile pump. When 
compared closely with a cannulating EM flow probe and 
meter, all four instruments dampened the tracings to a 
slight degree. All four meters showed direction-sensing 
demodulation of the same sensitivity as the EM probe to 
reverse velocities up to 10 em/s. 


In Vivo Test 


To evaluate further the validity of the comparisons made 
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Fig 7.—Instantaneous tracings obtained during in vitro pulsatile pumping, 
showing comparative ability of Doppler meters to provide patterns of velocity 
changes similar to those of cannulating electromagnetic system. 
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Fig 8.—Demonstration of in vivo tracings from canine carotid artery, 
obtained with Doppler meters and electromagnetic cuff-type probe, 
for comparability of instantaneous velocity paterns. 


on the in vitro model, velocity tracings obtained from an 
intact dog carotid artery by each Doppler instrument were 
compared to those obtained by a cuff-type EM probe (Fig 
8). The four Doppler instruments yielded tracings qualita- 
tively identical to those of the EM flowmeter. 


Evaluation of Functional Design 


Specific design and performance features of each of the 
Doppler devices tested are summarized in the Table. The 
Sonicaid instrument required the least number of adjust- 
ments during use because of a set probe frequency of 8 
mHz. Output jacks were provided for simultaneously 
recording forward, reverse, differential, and mean veloci- 
ty, and the unit proved easy to use. 

The Versatone Bidirectional Doppler flowmeter offered 
either 8-mHz or 10-mHz probes and could be powered by 


926 Arch Surg—Vol 114, Aug 1979 


either rechargeable nickel-cadmium batteries or a 120-V ac 
current. Audio output was available through either a 
speaker or directional earphones, but there was no visual 
display. 

The Parks 806 B was the most versatile instrument 
tested anc the most complex to use correctly, but easily 
mastered. Trigger levels had to be set and balanced for 
each of the two zero-crossing meters, which permitted the 
adjustment of an optimum set-reset level for any emission 
frequency between 8.5 and 11 mHz to optimize the Doppler 
signal. 

The Delalande DUD 400 emitted ultrasound with a 
frequency of 4 mHz and was powered by 110 to 220 V ae 
current. It contained both audio and visual (meter) displays 
with a tenfold range in sensitivity scales and options of 
recording both instantaneous and mean velocity s: gnals. 
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Signal-noise ratio 
10:cm/s 80:1 
50 cm/s 367:1 


All the Doppler velocimeters permitted adjustment of 
the voltage output to facilitate interfacing with chart 
recording equipment and all but the Versatone also had an 
option of additional filtering of the Doppler signal. All four 
instruments had acceptable S:N ratios and sufficiently low 
zero-crossing thresholds to efficiently measure velocities 
down to 5 cm /s. 


COMMENT 


The present generation of CW Doppler velocity meters, 
using direction-resolving circuitry, provides quantitative 
transeutaneous measurements of blood flow velocity, 
which represents an important advance over the older, but 
stil! useful, pattern recognition method of analyzing the 
Doppler siznal.'*'* All four instruments tested, except for 
the Parks 896 C (which was deliberately designed with a 
high frequency cutoff), had basically linear response curves 
from 5 to 70 cm/s, which should adequately include both the 
physiologic and pathologic ranges.* Quantitative character- 
ization of the flow-velocity profile permits comparison of a 
specific measurement with known normal standards and 
with previous studies of the same person. 

To measure velocity in a quantitative manner with a CW 
Doppler mstrument requires either that the exact angle 
between the ultrasonic beam and the axis of flow be known 
or that it be ocatable by searching for the maximum 
amplitude. Under clinical conditions, the latter approach 
proved to be beth practieal and reliable, as documented in 
our previous stady.* For each of these Doppler instruments 
and probes, the optimum probe angle was constant 
throughout the studies. Once that instrument-probe unit 
was calibrated, its voltage output was readily converted 
into a velocity reading. As long as the probe was positioned 
within +4° of the optimum angle (greatest voltage 
output), the reading had an error of less than 10%. Correct- 
ly orienting the probe crystals during the calibration and 
subsequent use was also important in obtaining reproduc- 
ible data. 

From theeretieal considerations, several potential 
sources of inaeevracy in the Doppler instrument have been 
pointed eut by investigators and must be kept in mind 
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itiariidncó Features in Regards to Clinical Use and Versatility 





Zero-crossing - 
ac/rechargeable batteries ac ac 
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8 mHz 4 mHz 
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Yes Yes 


Yes |. Yes 
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when using these instruments. ° 
(1) Ineorrect probe-vessel angle: Any error in estimation 















or duplication of the probe-vessel angle will result in an — | 
inaccurate Doppler velocity reading. Careful positioning of — 


the probe is critical to success, as positioning errors in the 
range of 5° result in a 10% to 15% inaccuracy in measured 
velocity. 


(2) Misalignment of probe and vessel: Inaccuracies will | A | 


be produced if the ultrasonic beam is not centered on, and 
does not illuminate, the whole vessel. With a parabolic flow 


profile, there will be a velocity gradient across the vessel - E 


diameter with the most central RBCs moving faster than 


those closer to the walls. There may even be flow reversal | 
immediately adjacent to the wall during early diastole.^ ^ 


A narrow beam that only illuminates a portion of the flow 
path may overemphasize the central axis or periphery and 
result in a misleading velocity measurement. 

(3) Effects of broad frequency spectrum: Since there is a 
spectrum of RBC velocities across the vessel lumen, there 


will be a spectrum of reflected Doppler frequency shifts. m 


Zero-crossing circuitry does not measure the true mean — — 
frequency shift (and thereby velocity) but rather a close | 


approximation of the root mean square, which is slightly 
greater than the mean.'* This source of error is minimized 
by present Doppler circuity and did not produce a great 
inaccuracy. 

(4) Effects of mixed arterial and venous signals: 
Although the directional Doppler is able to detect simulta- 
neous bidirectional flow, the close proximity of arteries 
and veins may lead to inaccuracy in measured velocity if 
the ultrasonie beam bathes both vessels. Careful position- 


ing of the probe and close attention to the shape of the flow 


profile should alert the user to the possibility of a mixed 
signal. 

(5) Effect of wall movement: During the cardiac cycle, 
the pulsatile movement of the arterial wall may be as great 
as 17% of the vessel diameter.’ However, the velocity of 
wall movement is quite low, usually less than 6 em/s, and 
produces a Doppler shift of less than 200 Hz. These wall 
artifacts are eliminated or minimized in most clinical 
devices by a 200-Hz band-pass filter. 
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. (6) Effect of varying velocity profile: The cross-sectional 
velocity profile results from the particular vessel diameter, 
fluid velocity suspension density and viscosity, frequency 
of pulsation, and geometry of the vessel, all of which 
determine whether there is laminar, transitional, or turbu- 
lent flow. Inherent limitations of the zero-crossing circuit- 
ry in the available CW Doppler instruments do not permit 
accurate processing of a wide range of velocity profiles and 
errors of more than 16% have been documented under 
unusual circumstances. '**! 

Even during pulsatile flow in the laminar range, there is 
variability in the cross-sectional velocity profile as a result 
of the interplay of inertial and viscous forces. Such changes 
may be characterized by the quantity a. Other factors 
being equal, the higher the a value, the flatter the velocity 
profile. During the pulsatile flow comparisons in this 
study, the Doppler velocity meters were tested through a 
range of a values of from 3.9 to 7.0, which covers those 
found in small to moderate-sized human peripheral arte- 
ries.'^ All four Doppler velocity meters were found to be 
accurate to within 5% when compared to a cannulating EM 
flowmeter under all conditions tested. Vatner et al: and 
Reneman et al^? also found a similar lack of effect of 
velocity profile variability under physiologic conditions, 
but did not attempt a systematic study of this variable. 

Previous in vitro and in vivo comparisons of EM and CW 
ultrasonic flowmeters have been limited to selective condi- 
tions that did not include the wide range of velocities found 
in the normal and diseased human peripheral arterial 
tree.**7^*! This study clearly demonstrated the capability 
of the CW ultrasonie velocity meter in the noninvasive 
quantitative assessment of the peripheral arterial tree. 
Such data, in addition to clinical and angiographic evalua- 
tion, will permit more accurate screening of patients who 
may benefit from arterial reconstructive surgery. The fact 
that the procedures are noninvasive, relatively simple, 
inexpensive, and fast makes them particularly valuable for 
the noninvasivé vascular laboratory or office application. 
The same instrument also may be used for determining 
segmental limb blood pressures and postocclusive reactive 
hyperemia.” Derivations of the velocity tracing, including 
the deceleration and peak-to-mean velocity ratios, have 
also proved to be quite sensitive in the identification of 
functional impairments of arterial blood supply.* Studies: 
have documented the importance of such quantitative 
velocity measurements in improving the sensitivity of 
noninvasive studies for diagnosing much lower extremity 
arterial lesions (with an accuracy of 97%). Some lesions 
were not identified by pressure measurements alone, but 
were clearly detectable by the velocity data. Finally, 
valuable information concerning the degree of local collat- 
eral flow and vessel patency at the site of measurement 
was obtained from the velocity studies. 

With a careful technique, these instruments were able to 
measure fluid velocity to within 5% when compared with 
EM flow meters during the in vitro test conditions. The 
limitations of CW Doppler velocimeters were less impor- 
tant than has been suggested in some previous reports. 
Although there were differences between the four Doppler 
ultrasonic velocimeters tested, they were relatively minor 
and predominantly related to design ‘features; all veloci- 
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meters showed approximately equal perforrance under 
the in vitro test conditions. Considering the magnitude of 
inaccuracy introduced by faulty probe angle. transeuta- 
neous velocity measurements should routinely provide 
quantitative measurements within a 10% to 20% accuracy 
range. Considering the ease, low cost, and present avail- 
ability of the method, this level of accuracy warrants 
widespread trials of quantitative velocity measurements in 
the evaluation of peripheral vascular disease. 


This investigation was supported by US Public Health Service HL 07089 
from the National Heart, Lung, and Blood Institute. 
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INDICATIONS 

IBRIN is indicated for use in prospective studies for the 
early detection and subsequent monitoring of developing 

deep-vein thrombosis and in diagnostic studies for the 

detection of established thrombosis in the legs. 


A. The IBRIN (Fibrinogen I 125) test is indicated in pa- 
tients with signs and/or symptoms suggestive of 
deep-vein thrombosis with or without associated pul- 
monary embolism or in patients with pulmonary em- 
bolism, with or without evidence of peripheral deep- 
vein thrombosis. In patients with established, old or 
"inactive" thrombi, the test will be positive only if 
radionuclide-labeled fibrin deposition occurs in a suffi- 
cient quantity to allow detection. Its use is not contrain- 
dicated in patients on anticoagulants. 


B. The IBRIN (Fibrinogen | 125) test is indicated for the 
detection of thrombus formation in patients undergoing 
major orthopedic or other surgical procedures, myo- 
cardial infarction, pulmonary disease, malignant dis- 
ease and other medical conditions known to predis- 
pose to thromboembolism. 


CONTRAINDICATIONS 

There are no known contraindications to the use of IBRIN. 
However, it should be noted that the iodides given to block 
the uptake of "5 I by the thyroid gland are contraindicated 
in patients with a known sensitivity to the iodides. 


WARNINGS 

This radiopharmaceutical should not be administered to 
patients under 18 years of age, to patients who are preg- 
nant, or to patients who are lactating, unless the infor- 
mation to be gained outweighs the potential risk. 


Ideally, examinations using radiopharmaceuticals, espe- 
cially those elective in nature, of a woman of child bearing 
capability should be performed during the first few (ap- 
proximately 10) days following the onset of menses. 
Nursing mothers should substitute formula feeding after 
the administration of Fibrinogen | 125. 
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Extraordinary precautions have been taken in the prepa- 
ration of IBRIN (Fibrinogen I 125) to eliminate the possible 
transmission of hepatitis. Nevertheless, the remote risk of 
hepatitis associated with the administration of Fibrinogen I 
125 cannot be entirely eliminated. The finding of viral 
hepatitis in any patient up to six months after the adminis- 
tration of IBRIN should be reported to Amersham for fur- 
ther evaluation, since there are numerous possible 
sources of hepatitis infection. 


PRECAUTIONS 

Care should be taken to insure minimum radiation expo- 
sure to the patient, consistent with proper patient man- 
agement, and to insure minimum radiation exposure to 
occupational workers. 


This drug contains radioactive materials which must be 
handled only by qualified personnel in conformity with Nu- 
clear Regulatory Commission, agreement state, or other 
appropriate government regulations. Care must be taken 
to avoid excessive exposure to its radiation. Shielding or 
equivalent radiation protective measures must be used. 


This product is prepared from units of human plasma 
which have been tested using RIA methods and found 
non-reactive for Hepatitis B surface antigen. Approved 
detection methods are not sensitive enough to detect all 
infectious units of blood or all possible cases of hepatitis. 
However, IBRIN has been prepared from single donor 
plasma and has been injected into recipients without inci- 
dence of fibrinogen related Hepatitis B as evidenced by 
periodic p iiie examination and laboratory testing (liver 
Drofile, CBC, and Hepatitis B surface antigen and antibody 
y radioimmunoassay) of the recipients. 


There are a number ‘of clinical circumstances requiring 
consideration in the interpretation of the test results. (See 
complete Package Insert.) 


Fibrinogen 1125 scanning should preferably be performed 
prior to venography if both procedures are contemplated, 
since venography may cause increases in count rate 
making interpretation of post-venography monitoring data 
difficult. 


Adequate reproduction studies on animals have not been 
performed to determine whether this drug affects fertility in 
males or females, has teratogenic potential, or has other 
adverse effects on the fetus. Fibrinogen I 125 should be 
used in pregnant women only when clearly needed. 


ADVERSE REACTIONS 

There has been no reported incidence of allergic or 
anaphylactic reactions following the intravenous adminis- 
tration of IBRIN. 
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* A prospective randomized study was carried out to evaluate 
doxycycline hyclate in the prevention of hepatic dysfunction 
following jejunoileal bypass for morbid obesity. Forty-five 
patients were entered into the study and were observed for a year 
or more. Patients received either 100 mg of doxycycline hyclate 
twice daily on postoperative days 5 through 10 and then 100 mg 
daily for six weeks, or no drug. At six weeks, 12 weeks, and 12 
months after the operation, biochemical levels were measured. 
After one-year all patients had a liver biopsy. Doxycycline, in the 
regimen, was not demonstrated to be of value in the prevention 
of hepatic dysfunctien in these patients. A lack of correlation was 
demonstrated between the biochemical definition of hepatic 
dysfunction and liver histopathology. 

(Arch Surg 114:931-934, 1979) 


f Geog bypass surgery as a treatment modality for 
morbid obesity is being performed throughout the 
country in imcreasingly large numbers. Many of these 
procedures are being done at university centers, but an 
equally large number are being performed in community 
hospitals. An estimated 16,000 such procedures have been 
carried out in this country to date. Numerous metabolic 
and nutritional complications have been reported in 
patients after the various bypass procedures.' Of the 
possible complications, hepatic failure is one of the most 
dreaded sequelae. Some degree of hepatic dysfunction is 
estimated to oecur in 43% of patients having the bypass, 
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with the actual incidence of profound liver failure ranging 
from 1% to 2%.'* 

Several investigators have hypothesized mechanisms for - 
precipitation of hepatic impairment in these patients. 
Moxley et al? have drawn a number of analogies between 
changes in the liver seen following jejunoileal bypass and 
those seen in kwashiorkor. Sherr et al* related the develop- 
ment of steatosis of the liver after jejunoileal bypass to the 
elevations of the serum cholie, chenodeoxycholie acid, and 
lithocholic acid levels. 

Following jejunoileal bypass, it has been demonstrated 
that alteration of the flora in the excluded loop of bowel 
takes place? Although a variety of organisms have been 
identified, anaerobes are the most prevalent. Of the anae- 
robes, Bacteroides fragilis and Bacteroides sp are domi- 
nant. This change in flora may be due to stasis, relative 
obstruction, or a reduced and altered flow of chyme. One 
postulated mechanism based on this evidence is that liver 
dysfunction oecurs secondarily to bacterial toxin release 
from the dysfunctional loop of the bowel. Support is given 
to this theory by the work of Hollenbeck et al* In a 
controlled study in animals, they demonstrated a reduction 
in the incidence of liver failure and reduced bacteroides 
colonization of the excluded loop of bowel when doxycy- 
cline hyclate was used prophylactically during the postop- 
erative period. 

Subsequent to this encouraging work in animals, a 
prospective randomized study was designed to investigate 
the value of doxycycline for prophylaxis of hepatic 
dysfunction in humans following jejunoileal bypass. 
Concurrently, laboratory data and liver biopsy specimens 
obtained during the study were examined to identify any 
correlation that exists between the biochemical diagnosis 
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of hepatic dysfunction and abnormal liver pathologic 
condition as seen in biopsy specimens. 


METHODS 


All patients admitted to the University of Florida's Shands 
Teaching Hospital (Gainesville) during a 12-month period who 
were to undergo a 30.48- to 10.16-em end-to-side jejunoileal shunt 
for morbid obesity were entered in the study. All patients were 
morbidly obese and met standards previously reported.’ Patients 
were randomized by hospital number and entered into one of two 
study groups. Group A received 100 mg of doxycycline hyclate 
twice daily on postoperative days 5 through 10 and then 100 mg 
daily for six weeks. Group B received no drug, or placebo. In 
addition, all patients received a mixture of 2.5 mg diphenoxylate 
hydrochloride and 0.025 mg of atropine sulfate (Lomotil), two 
tablets before meals, at bedtime, and after each loose bowel 
movement as needed to control diarrhea. 

Patients returned for reexamination in the outpatient clinic at 
approximately six and 12 weeks postoperatively. They were 
rehospitalized 12 months after the operation. The protocol for 
preoperative and postoperative biochemical evaluation of liver 
function is outlined in Table 1. Patients were examined in the 
clinie six weeks postoperatively. At this time, each patient's 
clinical course was evaluated and control of diarrhea was ascer- 


Table 1.—Biochemical Tests of Liver Function 


Postoperative 
M 


Tests Preoperative 6 wk 12 wk 12 mo 


Total bilirubin * t * * 
Direct bilirubin * t * * 
Bromsulphthalein 
retention at 45 
min p t * 
p 








Serum albumin * T * 


*Test performed. 
TTest performed as needed. 





Table 2.—Patient Characteristics 


Group A,* 
Doxycycline 
———— 
Mean 


Group B,7 
No Treatment 
——Ó———— 
Range Mean 


Age 16-47 29.25 24-44 31.68 


Weight, kg 
Height, cm 
Weight loss, kg 


108-209 
155-190 
22.2-82.1 


133.13 
167.05 
42.21 


105-227 
150-193 
11.3-101.6 


152.63 
152.63 
51.94 





*Group A contains one male and 23 females. 
+Group B contains three men and 16 women. 

















Group A, doxycycline (N — 24) 


Normal preoperative diagnosis (n — 18) 2 0 

Abnormal preoperative diagnosis (n = 6) 0 4 
Group B, no treatment (N = 19) 

Normal preoperative diagnosis (n = 16) 1 0 


Abnormal preoperative diagnosis (n = 3) 1 2 
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Table 3.—Liver Function (Biochemical) vs Treatment 


3 mo 


t á——— 1] MÀ € ———M—á, € p ————— t ———————m 


Worsened Improved Unchanged Available Worsened 


tained. Their compliance with the six-week course of doxycycline 
and the appropriateness of their use of the mixture of atropine 
and diphenoxylate was determined. Laboratory analyses were 
performed if the patients were symptomatic. Liver biopsies were 
initially performed intraoperatively and repeated perzutaneously 
at the time of readmission 12 months postoperatively. 

At 12 weeks and 12 months postoperatively all biochemical liver 
function tests, were evaluated except bromsulphthalein (BSP), 
which wes only evaluated at 12 months postoperatively. At the 
12-month visit, the patients were admitted to tae Clinical 
Research Center where a general medical examination was 
performed. This included serum determination of levels of elec- 
trolytes, magnesium, calcium, phosphorus, creatinine BUN, and 
iron; a blood hemogram; and determination of iron binding 
capacity and saturation. In addition to a routine urinzlysis, urine 
was tested for levels of creatinine, calcium, magnesium, phospho- 
rus, citrate, and oxalate. Chest and abdominal x-ray fi ms, as well 
as oral cholecystograms and percutaneous liver biopsy specimens, 
were obtained. Liver biopsy specimens were graded on a scale 
from 1 te 4 with regard to fatty metamorphosis, fibrosis, and 
central vein sclerosis, with one representing normality and four 
representing maximal change. If a patient demonstrated progres- 
sion from one degree of involvement to a greater degree of 
involvement, worsening of liver histology was said to have 
occurred. Cirrhosis and inflammation were graded as present or 
absent. 

A biochemical diagnosis of hepatic dysfunction was made if 
either a bilirubin level greater than 1.0 mg/dL, a SGOT level 
greater than twice normal, an albumin level of less than 3.0 g/dL, 
or a BSP sodium retention level of greater than 10% at 45 minutes 
developed‘ A diagnosis of liver failure was made if two or more of 
these limits were exceeded in association with a clinical syndrome 
of nausea. weakness, and fatigue. Changes in liver histology were 
compared with changes in the biochemical levels in bota groups of 
patients. 


RESULTS 


A total of forty-five patients underwent a 30.48- to 
10.16-em end-to-side jejunoileal shunt during the study 
period and were entered into the study. Comparisons of the 
groups o^ patients showed similarities in age, sex, height, 
and weight-loss characteristics (Table 2). Patients in group 
B (no treatment) in general weighed more thar. those in 
group A (P< .02). A total of twenty-six patients were 
plaeed:ir group A (doxycycline) and 19 in group B (no 
treatment). Two of the patients initially enterec in group 
A were removed from the study due to gastrointestinal 
intolerance of the drug. Two patients in group A and three 
in group B did not return for their 12-month postoperative 
evaluation. 


12 mo 


Mo Data 
Improved Unchanged Available 


No Data 





15 1 9 0 r 2 
2 0 0 3 2 1 
15 0 3 0 10 3 
0 0 0 2 1 0 
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Table 4 —Biechemical Diagnosis vs Liver Biopsy 


Normal 
Biopsy 
Specimen Total 


Abnormal 
Biopsy 
Specimen 


Biochemical 
Diagnosis 
Norma! preop2rativ= 
and postcperative 
Preoperative 


Postoperetive 
Abnormal pre»peragive 
and postoperative 

Preope-a'ive 


Postoperative 
Norma! preoperative and 
abnormal postoperative 
Preoperas3ve 


11 
diia ee 
11 4^ 


Abnormal preoperasive and 


Postoperative 


normal postoperative 
Preoperajive 


Postoperative 


4 
er ae 
4 + 


There was little change in static liver function tests 
postoperatively and no difference between the two study 
groups. Liver histology generally deteriorated ever the 
course of the postoperative period and, again, no difference 
was observed »etween groups. Table 3 subdivides groups A 
and B into these with and w.thout a preoperative biochem- 
ical diagnosis of liver dysfunction. The table also gives the 
observed changes m liver functions at three and 12 months 
as compared with the initial biochemical diagnoses. Table 4 
subdivides groups A and B into patients with normal or 
abnormal live7 bioosy specimens at the time of surgery. It 
also indicates the change at 12 months in the pathologic 
diagnosis of tneir intraoperative biopsy specimens. 

There was no statistical difference between groups A 
and B in the incidence of hepatic dysfunction preoperative- 
ly, at 12 weexs, and at 12 months postoperatively. Both 
groups manif»sted similar aistopathology with regard to 
fatty metamorphosis, central vein sclerosis, fibrosis, 
inflammation. and cirrhosis 

Comparisors of the biochemical diagnosis of hepatic 
dysfunetion with iver histepathology were made and are 
summarized im Teble 4. For these comparisons, 35 of 43 
study patients were evaluated. Data from eight patients 
were not como»lete and these were not included. 

Preoperatively, the biochemical diagnosis of the status 
of the liver wzs in agreemert with the pathologic diagnosis 
in 29% (ten of 35) »atients. Biochemical levels were normal 
anc the liver biopsy specimens were abnormal in 71% (25 of 
35) patients. There was not a single incident where the 
liver was normal i- the chemical liver function tests results 
were abnormal. 

At the time of their 12-month postoperative examina- 
tion, biochem cal end pathologic diagnoses were in agree- 
ment in 46% (16 of 35) of the patients. Fifteen patients had 
both biochemical Ever dysfunction and histologic evidence 
of hepatocellilar disease. One patient had normal liver 
functions wita normal liver-architecture. In the remaining 
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19 patients, normal liver function tests belied the fact that 
relevant changes in liver histology had occurred. 

If a patient had abnormalities consistent with a 
biochemical diagnosis of hepatic dysfunction, then, regard- 
less of operative status, all liver biopsy specimens were 
abnormal (seven of seven preoperatively; 19 of 19 postoper- 
atively). Eight percent of the patients (3/28 preoperatively; 
1/20 postoperatively) had normal biochemical levels and : 
histology. 


COMMENT 


From these data it appears that doxycycline is not of 
value in the prophylaxis of hepatic dysfunction after 
jejunoileal bypass in humans. There are several possible 
explanations for this. 

First, absorption of doxycycline may be reduced in 
patients with such a dramatically shortened bowel. Howev- 
er, evidence indieates that the drug is rapidly and 
completely absorbed from the duodenum.' In addition, 
random blood samples in two of our patients demonstrated 
therapeutic levels of doxycycline. 

Second, it could be suggested that the drug was not 
delivered to the excluded loop of the bowel in quantities 
sufficient to suppress or eradicate anaerobic overgrowth. 
However, one suggested pathway of excretion for doxycy- 
cline, in addition to the hepatic and renal routes, is via 
secretion into the bowel lumen. In ongoing studies, 
detailed bacteriologic analysis of the excluded limb has 
shown that profound overgrowth occurred in animals 
having a jejunoileal bypass. If the animals are treated with 
doxycycline in the postoperative period, the overgrowth is 
delayed and the organisms found in the excluded limb 
usually have a resistance to doxycycline. Therefore, 
although we do not have data on the concentration of drug 
achieved in the excluded limb, it is likely that the drug does 
penetrate this area. 

Third, and perhaps most probable, is that the anaerobes 
encountered in the excluded loop may not have been 
uniformly sensitive to doxycycline. Although doxycycline 
is considered to be more effective than other tetracyclines 
against Bacteroides sp, not all species of Gram-negative 
organisms, or even bacteroides, are uniformly sensitive to 
this antibiotic. Reported sensitivity of B fragilis to doxy- 
cycline varies, but considering the serum levels achievable 
with the dosage used in this study, it is approximately 
4095." Doxycycline was selected because of its ease of 
administration, rapid and complete absorption, proposed 
excretion into the small intestine, spectrum of effective- 
ness, and relative lack of toxicity. It may have been an 
inappropriate choice as its spectrum might not have been 
extensive enough against bacteroides and other selected 
Gram-negative anaerobic organisms. 

Finally, the premise of hepatic dysfunction being a 
result of bacterial overgrowth and toxin release may be 
faulty. Dreniek et al" have provided support for this 
premise with their report of the successful use of metron- 
idazole to reverse hepatic steatosis in a patient after 
jejunoileal bypass. Study of small-bowel flora of humans 
before and after jejunoileal bypass by Corrodi et al demon- 
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strated definite changes in the bowel flora." They found 
that the small bowel became colonized by multiple coliform 
organisms, rather than any single organism. Our studies 
support these observations. Burney et al" studied the 
effect of doxycycline on hepatic function in dogs after 
jejunoileal bypass. Their study did not find doxycycline to 
be of value in the prevention of hepatic failure. Holzbach," 
in his review of the hepatic effects of morbid obesity, 
discusses a number of potential etiologies of liver impair- 
ment after jejunoileal bypass. He suggests that no single 
factor is entirely responsible, but that the etiology of 
hepatie dysfunction may be multifactorial, with bacterial 
overgrowth being only one contributing factor. 

When the biochemical criteria for the diagnosis of 
hepatie dysfunction are correlated to liver histology, a 
great disparity emerges. It appears that serious, progres- 
sive changes in liver parenchyma are occurring in the 
presence of minimal changes in the biochemical levels. 
There does not seem to be any correlation between the 
occurrence of cirrhosis and the results of any standard 
tests of static liver function. The only way that a diagnosis 
of cirrhosis can be excluded is with a liver biopsy. 

The cirrhosis that occurs after jejunoileal bypass can 
devastate patients who have never imbibed alcohol. It is 
interesting that, microscopically, this type of cirrhosis is 


indistinguishable from portal (Laennec’s) cirrhosis seen in 
cases of chronic alcohol abuse. At the present time, it is 
speculated that these two apparently different conditions 
produce similar changes by a common pathway. 


CONCLUSIONS 


Although doxycycline in a six-week regimer was not 
shown tc be of value in the prevention of hepatic dysfunc- 
tion in patients after jejunoileal bypass, the premise that 
bacterial overgrowth contributes to hepatic impairment 
should not be discarded. A prospective study using an 
agent more uniformly effective against anaerobes should 
be undertaken. Static biochemical tests do not seem to be 
of any value in the early detection of progressive hepatic 
architectural deterioration in these patients. 


Ronald G. Marks, PhD, Department of Biostatistics, University of 
Florida, Gainesville, performed the statistical analyses. 


Nonproprietary Names and Trademarks of Drugs 


Diphenoxylate hydrochloride and atropine sulfate— Colonil, Lomo- 
til. 

Doxycycline hyclate— Dory-IH, Doxycycline hydrochlor-de, Vibra- 
mycin PF yclate. 
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Long-term Results of Esophagomyotomy for 


Ley ee 


Achalasia of Esophagus 


F. M. Jara, MD; L. H. Toledo-?ereyra, MD; J. W. Lewis, MD; D. J. Magilligan, Jr, MD 


* Modified Heller's esophagomyotomy for achalasia of the 
esophagus was dene in 145 patients at Henry Ford Hospital, 
Detroit, from 1951 *o 1977. Information on current symptoms was 
obtained for 121 patients from a detailed questionnaire that was 
sent to all patieris, from personal interviews, or from data 
obtained from petients' clinical records. Average period of 
follow-up was 85 months. Actuarial analysis of postoperative 
symptoms showec an incidence of reflux of 24% after one year 
and 48% after ten wears; incidence of relief of dysphagia was 89% 
of all patients after one year and 81% after ten years. Continual 
surveillance of 2atients efter esophagomyotomy must be 
stressed. Dissatisfaction with the results of this procedure 
prompted us to recommend that an antireflux operation be 
performed at the ime of the initial procedure. 

(Arch Surg 114.935-936, 1979) 


reatment of achalasia of the esophagus continues to be 

subject to debate. Since 1950, a modified Heller's 
esophagomyotomy has been widely accepted as the treat- 
ment of choice in this country. However, considerable 
coneern and sometimes dissatisfaction have been 
expressed with an operation that only compensates for an 
abnormality by creation of a highly unphysiological state. 
Few reports of long-term results of this operation have 
been available to the clin-cian involved in the treatment of 
esophageal achalasia, although modifications to prevent 
reflux have been suggested.' 

At Henry Ford Hosp tal, Detroit, a modified Heller's 
esophagomyotemy has been used since 1951 to treat 
patients with achalasia of the esophagus. The long-term 
results with this operation are described. 
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Between 1951 and 1977, 145 patients underwent a modified’ 


Heller's esophagomyotomy for achalasia of the esophagus at 
Henry Ford Hospital. For 121 patients, information on current 
symptoms was available from personal interviews, from a detailed 
questionnaire sent to all patients, and from data obtained from 
clinical records. 

Age at the time of the onset of symptoms shows a high incidence 
between the fourth and sixth decades of life, with a higher 
incidence (61%) in women (73/121). Symptoms at the time the 
patient was first seen included the following: dysphagia, the most 
common symptom, found in 98% of all patients (119/121); regurgi- 
tation, found in 64% (78/121); pain associated with swallowing, 
found in 39% (47/121); weight loss, found in 37% (45/121); and 
respiratory symptoms due to aspiration, found in 11% (13/121). 


The diagnosis of achalasia was established on the basis of 


symptoms and of roentgenographie findings characteristic of 
achalasia. Esophagoscopy was performed in most patients, but 
manometric studies that are now routinely performed to evaluate 
the conditions of patients with esophageal disorders in this 
hospital were done only sporadically at the beginning of this 
series. All operations were done through a standard left postero- 
lateral thoracotomy, with seven surgeons involved in the series. 
Two basic techniques were used. In the majority of patients (98%), 


the diaphragm was opened away from the hiatus and gastrotomy - 


was done, with the myotomy done over a finger inserted into the 
esophagus. The second technique used no gastrotomy, and the 
myotomy was done with or without an esophageal bougie. 


RESULTS 


There was no surgical mortality and the immediate 
complications were of no importance to the late outcome. 
Mean follow-up time was 85 months and ranged from 12 to 
323 months. 

Postoperative symptoms were considered in two main 
categories: the relief of dysphagia, and the presence of 
important clinieal evidence of reflux, manifested by 
epigastrie and substernal burning pain, esophageal stric- 
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Actuarial analysis of incidence of reflux showing continuous 
drop-off over period of 13 years, after which incidence of reflux 
stabilized at 5296. Figures on graph indicate actual number of 
patients. 


ture, uleeration, or demonstration of reflux by esophago- 
grams, all of which required some form of therapy. In the 
Figure, an actuarial analysis of the incidence of reflux 
shows a continuous drop-off over a period of 13 years, after 
which the incidence of reflux stabilized at 52% of all 
patients, to a maximum follow-up time of 26.9 years. 
Better results were obtained with the relief of dysphagia, 
with 80% of all patients free of dysphagia after 13 years, 
with no increase thereafter. 

Correlation between the incidence of postoperative 
reflux and extension of the incision into the stomach in the 
44 patients from whom the information was available 
shows that any further extension past 2 em was associated 
with 100% incidence of reflux. However, there was no 
correlation between the incidence of postoperative symp- 
toms and length of time the patients were symptomatic 
preoperatively. Postoperative esophagograms in 94 pa- 
tients, usually done either when the patient had symptoms 
or at different times during follow-up, showed the follow- 
ing results: stricture, 19%; reflux, 17%; ulceration, 11%; 
hiatal hernia, 9%. 

Surgical therapy after esophagomyotomy was required 
in nine patients (7%). Three had Belsey Mark IV opera- 
tions, five had remyotomy, and one had esophagogastrec- 
tomy. The rest of the patients were treated medically. 


COMMENT 
There is little argument that the modified Heller’s 
esophagomyotomy relieves dysphagia in the majority of 
these patients. However, what concerns physicians who 
treat achalasia is that this operation disrupts the lower 
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esophageal sphincter with the creation of an incompetent 
valve that exposed the esophagus to the deleterious effects 
of the acid content of the stomach on the esophageal 
mucosa. To avoid this costly complication should be a 
primary goal in the treatment of this disease. 

The incidence of reflux reported in the literature has 
been as low as 3%' or as high as 2595, althouga most of 
these reports were prepared one or two years postopera- 
tively. However, our results show how important it is to 
follow up these patients for longer periods of time. In our 
series, the incidence of reflux at one year was 24%, but at 
ten years was 48%. Therefore, continued surveillance of 
these patients is mandatory and it seems that series with 
less than ten years’ follow-up are incomplete. 

The mechanism involved in the development of reflux 
has been amply studied.** Division of the mascular loop 
around the cardia of the stomach has been implicated with 
increased likelihood of esophagogastric dysfunction. In 
this series, we found that extension of the incision past 2 
cm into the stomach is associated with a 100% incidence of 
reflux, a technical fact observed by others’ and worth 
considering at the time of surgery. 

A higher incidence of malignant degeneration in achala- 
sia of the esophagus has been reported.*’ Although we 
have not observed this change in any of our patients, we 
would agree that continued surveillance from this point of 
view is likewise mandatory. 

This series indicates that continued surveillance of 
patients after performance of esophageal myotomy is 
important, since symptoms of reflux or recurrent dyspha- 
gia may appear years after surgery. Dissatisfact:on with 
the high incidence of reflux with the operation prompts us 
to recommend the addition of an antireflux procedure at 
the time of the initial esophagomyotomy. 
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Is There Postdefeeation Bacteremia? 


Sumner Slavir, ML, Robert M. Goldwyn, MD 


* An investigation was done to determine the incidence of 
postdefecation bacteremia. A study of 82 healthy volunteers was 
done. Among 164 »redefecation cultures, only one (8.695) from 
an anaerobic flask was positive for microorganism, which was 
identified as Stapaylococcus epidermidis. In only two of 328 
(0.6%) postdefecation cultures did microorganisms gow, which 
were shown to be Propionibacterium acnes. The results of this 
study sugges’ that either bacteremia after defecation does not 
occur or is a rare event in healthy individuals. 

(Arch Surg 114:337-938, 1979) 


ransient bac-eremia accompanies many diagnostic and 

surgica procedures, such as, nasotracheal intubation,’ 
upper gastrointestinal endoscopy,’ retrograde -holangio- 
pancreatography, liver biopsy,'^ and dental’ and urologi- 
cal manipulations. With regard to the larze bowel, 
bacteremia occurs’ in association with coloroscopy,"'" 
sigmoidoscopy,’ barium enema," and digital rectal 
examination. We studied the question of whether or not 
defecation itself causes bacteremia. 


SJBJECTS AND METHODS 
P Subjects 


There were 82 aormal, healthy volunteers studied None had 
received antimicrebial agents or corticosteroids for at least 30 
days. Ail den:ed a history of lower intestinal disease. Ages varied 
from 18 to 70 years, with a mean of 31 years. There were 46 male 
and 36 female subjects. 


Culture Studies 


Blood cultures were obtained immediately before end five and 
15 minutes after defecation. All the cultures were drawn by one 
investigator. The antecubital venipuncture site was swabbed first 
with 10% povidons-iodine (Betadine), followed by 70% isopropyl 
alcohol and 1#% acetone (Cliniswab). For each set of bbod cultures 
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drawn, a separate venipuncture was performed with a 21-gauge 
needle. After withdrawal of 10 mL of blood, 5 mL was injected 
into each of two bottles containing 1 dL of dextrose phosphate 
broth and thioglycollate broth supplemented by vitamin K, hemin, 
and .05% sodium polyanetholesulfonate. A new needle was placed 
on the syringe prior to inoculation of the blood cultures, The 
dextrose phosphate broth was vented with a sterile needle. Both 
sets of bottles were incubated at 35.5 °C for 21 days; they were 
examined daily for the first week. On the seventh day, subcultures 
were performed with a tuberculin syringe onto chocolate agar 
plates aerobically and onto brucella modified base anaerobically. 
The aerobic plates were incubated for 48 hours in a 35.5 °C, CO, 
incubator, and the plates in anaerobic jars with 5% CO, added, also 
at 35.5 °C for 48 hours. If no growth occurred, the plates were 
discarded. The original bottles were subcultured again at 14 and 21 
days in the same manner. However, then the plates were incu- 
bated for 96 hours before they were opened. Anaerobic isolates 
were classified into species by using paper disks impregnated with 
appropriate biochemicals and were identified according to the 
Anaerobe Laboratory Manual.” 


RESULTS 


Of the 164 predefecation cultures, only one (0.6%) from 
an anaerobic flask was positive for a microorganism 
identified as Staphylococcus epidermidis. Subsequent post- 
defecation cultures were negative in this subject; the 
positive predefecation culture was assumed to be contami- 
nated. In only two of the 328 (0.6%) postdefecation cultures 
did microorganisms grow. These positive cultures were in - 
both the aerobic and anaerobic flasks obtained from a 
29-year-old female nurse only at five minutes after defeca- 
tion. The organism, a pleomorphie Gram-positive rod, 
proved to be Propionibacterium acnes. Although occurring 
commonly in the intestinal tract, it is the preponderant 
inhabitant of the normal skin. 


COMMENT 


Investigators have been interested in the concept of 
transient bacteremia to determine the etiology and risk of 
endocarditis in susceptible patients." Recently, efforts 
have been made to identify procedures that cause transito- 
ry bacteremia and to characterize its course. 
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LeFrock et al'' studied 200 patients undergoing sigmoi- 
doscopy and noted a 9.5% rate of bacteremia. All with 
positive cultures had seeding at five minutes; subsequent- 
ly, a progressive decrement in colony count was noted, and 
none were positive at 30 minutes. The organisms recovered 
were enterococci and aerobic Gram-negative rods. Studies 
during colonoscopy have demonstrated a lesser incidence of 
bacteremia than studies after sigmoidoscopy."'" However, 
incidences of bacteremia ranging from 11.5% to 23% have 
been reported after barium enemas." 

The microbiological techniques used in the present study 
are known to detect fastidious and anaerobic microorga- 
nisms. In addition, the sampling technique was designed to 
maximize culture yields: five minutes postsigmoidoscopy 
was the optimal time for detection of bacterial intrusion 
into the blood.'' Yet, only one of 82 subjects in the present 
study had a positive blood culture at this interval after 


defecation. Since the organism was P acnes, the most 


numerous indigenous inhabitant of the skin, it is question- 


able that this blood culture represented true bacteremia 


rather than contamination. 

There are several possible explanations for the largely 
negative results of this study. The most obvious is that 
bacteremia does not occur during defecation in healthy 
individuals. Another possibility is that transient bacter- 
emia was present but remained undetected by the blood- 
sampling method used in this study. Or, perhaps, the liver 
and reticuloendothelial system rapidly eradicate transient 
bacteremia of colonic origin. 

LeFrock et al" have attributed the pathogenesis of 
transient bacteremia to increased intraluminal pressures 
in the bowel that propel bacteria into mucosal capillaries 
and lymphaties. If pressures generated by defecation are 
less than those during barium enema and lower intestinal 
endoscopy, this could account for a decreased incidence of 
bacteremia. The role of this mechanism during rectal 


examination is unclear. When bacteremia was noted after 


rectal examination in 4% of 74 subjects,^ all positive 
cultures occurred in hospitalized patients and none in the 
23 healthy volunteers, a finding similar to that reported by 
Tandberg and Reed." 

The frequency of bacteremia in healthy people is 
unknown, but it is probably unusual.'**° Most likely, this 
study should be interpreted as evidence against postdefe- 
cation bacteremia. Our report suggests that the transient 
passage of bacteria from the lower intestine into the 
systemie circulation is not an everyday event, as has been 
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postulated." Indeed, the exceedingly low incidence of 
postdefeeation bacteremia demonstrated in tais study 
implies a minimal exposure to bacteria. If transieat bacter- 
emia of c5lonic origin is an unusual event, is it necessarily a 
hazardous one? For the healthy individual, probably not. 
For the susceptible person with valvular disease or a 
prostheti valve, it may be dangerous, but to what degree 
cannot be determined without further data. 


Roberta Texiera, chief bacteriologist technician at the Beth Israel 
Hospital, Beston, shared her expertise. Louis Weinstein, MD, at the Peter 
Bent Brighzm Hospital, Boston, gave his advice and suggesticns. 
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Early Failure of Expanded 
Polytetrafluoroethylene in 


Femoral Vein Replacement 


Roy T. Faulkner, DVM; George S. M. Cowan, Jr, MD; uloyd Rothouse, MD 


€ Graits of expanded 30-, fibril length polytetrafluoroethylene 
(PTFE) were inserted as segmental femoral vein replacements in 
nine dogs. The contralateral femoral vein served as a control, 
receiving a graft from each dog's right external jugular vein. 
Graft patency was monitored for 24 weeks postoperatively with 
serial venograms and venous pressures of the operated limbs. 
Ali expanded PTFE grafts and one autogenous graft thrombosed 
within 24 to 48 hours. Significant venous hypertension in the 
extremities receiving the PTFE grafts persisted for s x months. 

(Arch Surg 114:339-943, 1979) 


| gauge pelytetrafluoroethylene (PTFE) has been 
used experimentally for segmental venous replace- 
ment ef the superior and inferior vena cava,"? portal,’ and 
external iliae veins. Patency rates in these reported 
large-caliber veins appear promising. Norton and Eisemen' 
have reported the use of expanded PTFE grafts for the 
replacement of the portal vein in three cases of pancreatic 
carcinoma. The successful use of expanded PTFE in small- 
caliber canine femoral and carotid arteries has been 


reported"; however, the efficacy of expanded PTFE as a’ 


routine replacement for small-caliber veins hes not been 
thoroughly investigated. Florian et al‘ have reported a very 
high patency rate in femoral vein replacement with 
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expanded PTFE.’ This is contrary to previous experience 
(unpublished data) in this laboratory. Because of this 
difference in experimental findings, the present study was 
undertaken to evaluate further expanded PTFE as a 
small-caliber venous replacement material. 


. MATERIALS AND METHODS 


Nine mongrel dogs between 15 and 30 kg were used in the study. 
Following premedication with atropine sulfate (0.05 mg/kg of 
body weight), an indwelling intravenous catheter was placed in à 
cephalie vein and 2.5% sodium pentothal (10.0 mg/kg) was admin- 
istered. All animals were intubated, and anesthesia was main- 
tained with a mixture of halothane, nitrous oxide, and oxygen. 
Each dog underwent surgical graft implantation with expanded 
PTFE (fibril length, 30 w; internal diameter, 3 mm; length, 5 em) in 
one femoral vein. The contralateral vein received an autogenous 
5-cm graft obtained from the right external jugular vein. Suffi- 
cient femoral vein (2 to 3 em) was excised to allow graft 
interposition so that no significant tension or unnecessary laxity 
occurred. Strict aseptic surgical technique was observed in all of 
the procedures. All anastomoses were made with continuous 6-0 
polypropelene. Suture placement and insertion was performed so 
that "purse stringing" of the suture lines was avoided. It was 
found that the interposition of the 5-em grafts required ligation 
and division of some distal femoral vein tributaries. No anticoagu- 
lants were administered either prior, during, or following 
surgery. 

Bilateral pressures in the lateral saphenous vein of the operated 
extremities were obtained preoperatively, postoperatively, one 
day, one week, two weeks, four weeks, and then every four weeks 
for an additional 20 weeks. All pressures were measured in 
centimeters of water with the dog in a supine position, and the 
legs extended horizontally at the level of the right atrium. 
Following the pressure measurements, venograms were per- 
formed bilaterally with an aqueous solution of 52% meglumine 
diatrizoate and 8% sodium diatrizoate. All pressure measurements 
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Lateral Saphenous Peripheral Venous Pressures 


Autogenous Grafts Expanded PTFE Grafts 
Pressures, cm H.O* Pressures, cm HOt 
—————D ————— 










Interval Mean + SEM Range Mean - SEM Range 
Preoperative 9.0 + 0.6 8-12 8.4 + 1.3 5-15 
Postoperative 12.4 — 1.2 9-18 271.1 X 2.5 20-38 
1 day 12.8 + 1.0 9-15 23.3 + 2.1 18-32 

E 


I+ Jit ple RB | i+ fit 


I+ 


*Significant difference (P < .005) between autogenous and expanded 
polytetrafluoroethylene (PTFE) pressures occurred postoperatively to 24 
weeks. 

TVenous pressures were significantly higher (P < .005) than the preop- 
erative baseline during the 24 weeks. 

iVenous pressure was significantly higher (P — .05) than preoperative 
baseline. 


Fig 1.—Contrast radiograph taken eight weeks postoperatively 
illustrating thrombosed expanded PTFE graft and patent auto- 
genous graft. Contrast material fills and outlines autogenous 
graft, while expanded PTFE leg is indicative of thrombosed graft 
as evidenced by presence of collaterals. 
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and venograms were performed with the animals under anesthe- 
sia with 2.576 sodium pentothal. In four of the nine dogs, veno- 
grams were not performed at the preoperative, postoperative, and 
one-day ntervals. This was done to evaluate the contrast material 
used for venography as a possible factor in the thrombosis of the 
expanded PTFE grafts. 

After 24 weeks, the grafts were removed surgically from all 
dogs, except one in which an anesthetic death occirred while 
performing the four-week venogram. The grafts were »5laced in 4% 
buffered formaldehyde solution for histological evaluztion. 


RESULTS 


Of the five dogs in which venography was »erformed 
postoperatively and at one day, four of the PTFE grafts 
were closed within 24 hours. The other animal demon- 
strated a patent graft at 24 hours; however, a subsequent 
venogram performed at 48 hours to more closely monitor 
the graft revealed that thrombosis had occurred. Thrombo- 
sis of the grafts was determined by the failure of the 
contrast material to fill the graft lumen and the presence 
of collateral venous return (Fig 1). In the remaining four 
dogs, all expanded PTFE grafts were demons-rated by 


Fig 2.—Cross section taken from center of expanded PTFE graft 
illustrating absence of any thrombosis and giving appearance of 
patent graft (hematoxylin-eosin, original magnification x 25). 
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Fig 3.—Photomicrograph demonstrating recanalization occurring 


within expanded PTFE graft thrombus (hematoxylin-eosin, origi- 
nal magnification x 400). 


venography to be elosed at one week. No recanalization in 
any of the PTFE grafts was visualized by serial venogra- 
phy during the study. One of the nine autogenous grafts 
was thrombosed on the first postoperative day. No other 
autogenous graft demonstrated any thrombosis. 

The sapherous per:pheral vein pressure results are 
summarized in the Table. The autogenous graft pressure 
data include-those grafts that were patent and exclude the 
one thrombosed autogenous graft. A paired t test was used 
to compare the autogenous and expanded PTFE graft 
pressures at each measured interval. All pressures were 
signifieantly higher (P < .005) in the expanded PTFE 
group than the autogenous group postoperatively to 24 
weeks, when the study was concluded. Maximum peripher- 
al venous pressure in the expanded PTFE group occurred 
postoperatively ard gradually decreased during the post- 
operative 24 weeks. The pressures of the expanded PTFE 
group rema:ned significantly higher (P — .005) than the 
preoperative baseline throughout the 24 weeks. The venous 
pressure continued to remain higher due to the hyperten- 
sive state of the expanded PTFE extremities and the data 
confirm the histolegieal evidence of thrombosis within this 
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Fig 4.—Photomicrograph illustrating outer fibrous covering and 
thin fibrin deposition on luminal surface of expanded PTFE graft. 
Also evident is incomplete cellular response and elastic fibrous 
ingrowth originating from fibrous covering (hematoxylin-eosin, 
original magnification x 100). 


group. Pressures measured in the autogenous graft 
extremities demonstrated a hypertensive trend up to two 
weeks, with a reduction and return to baseline at four 
weeks. The pressures remained stable during the following 
12 weeks and were lower than the preoperative values at 20 
and 24 weeks. However, the pressures were not significant- 
ly lower (P < .05). 

Examination of the expanded PTFE grafts at 24 weeks 
showed them all to be encapsulated by a continuous, fine, 
fibrous sheath. The grafts were easily freed from this 
covering except at the suture lines, where graft excision 
was difficult and tedious. The tissue reaction at these areas 
appeared to have caused a proliferative fibrous tissue 
response with tightly bound adhesions of graft to 
surrounding tissue. When the grafts were removed and 
incised longitudinally, a thrombus was observed at each 
anastomotic site. The thrombi extended approximately 1 
em toward the center of the graft, thus leaving the central 
3 em of the graft void of thrombus formation. When 
incised, the center of the grafts contained a clear serous 
fluid. 

Histologically, cross sections of the PTFE graphs 
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Fig 5.—Longitudinal photomicrograph of expanded PTFE graft 
within area of thrombus formation. Prominent fibrous connective 
tissue sheath is evident, and tissue ingrowth within graft is 
complete. Areas of recanalization within thrombus is also evident 
(hematoxylin-eosin, original magnification x 100). 


confirmed thrombus formation at the surgical suture line, 
with the central portion remaining free of thrombosis (Fig 
2). Within the thrombi, there was moderate microscopic 
recanalization in the areas of the grafts containing the 
residual thrombi (Fig 3). The central patent portions of the 
grafts demonstrated no evidence of neoendothelium and 
only a slight degree of fibrin deposition (Fig 4). Figure 5 
illustrates the extensive fibrous connective tissue ingrowth 
and cellular response that occurred within the expanded 
PTFE walls at the ends of the grafts. The outer area of the 
grafts was covered by a thick fibrous tissue sheath. The 
entire wall of the grafts in this area was filled with elastie 
connective tissue fibers. In contrast (Fig 4), the amount of 
ingrowth into the expanded PTFE walls was vastly 
reduced in the areas free of thrombosis. The fibrotic 
response in this area was less, as evidenced by the thinner 
fibrous connective sheath present in this area (Fig 4). 


COMMENT 


A definite need exists for a suitable prosthetic material 
to replace damaged or avulsed small-caliber veins. The 
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adverse arterial hemodynamic effects of limb venous occlu- 
sion has been experimentally verified and clinically appre- 
ciated.** With limb trauma, the success of arterial repair in — 
the femeral or popliteal region leading to subsequent limb 
salvage may depend on concurrent venous repair.’ The slow 
flow and low pressure dynamics of the venous system 
makes segmental replacement with prosthetic materials 
more difficult and are important causes for failure of 
venous replacement.’ 

In this study, we had a 100% failure rate in the segmen- 
tal femeral vein replacement using 30- fibril length 
expanded PTFE. This is in contrast to other previously 
reported data in which expanded PTFE was used for 
segmental replacement of the femoral vein.’ Florian et al’ 
used expanded PTFE grafts with fibril lengths of 100 p 
and 10 u in two groups of dogs. In a third group, a 
low-porosity expanded PTFE graft perforated with 160 
holes per square inch was used. The percentage of patent 
femoral grafts for the groups was 100% (100-y fibril length 
PTFE), 30% (10-u fibril length PTFE), and 83.3% (low 
porosity with holes). Fibril length of expanded PTFE 
grafts reported by other investigators have varied. Studies 
by Soyer et al’ demonstrated a two-month follow-up paten- 
cy rate of 80% when 0.5 to 2.5-u pore size expanded PTFE 
grafts were used to replace segments of the portal vein, 
vena cava, and external iliac vein in piglets.* Fujiwara et 
al' reported an overall patency rate of 50% with high- 
porosity grafts of expanded PTFE placed in the superior 
vena cava and 60% in infrarenal vena caval grafts. Similar- 
ly, Smith et al’ performed caval replacement in 13 dogs 
with high-porosity PTFE and reported a patency rate of 
83%. Using 15- to 30-u and 90-1 expanded PTFE grafts to 
replace the superior vena cava in dogs, Heydorn et al had 
12 of 33 grafts patent at 90 days and stated that fibril 
length was important. The 30-y fibril size over 90- fibril 
length was preferred because of less transmural fibrosis." 
The fibri! length used in this study would fit within the 
ranges previously reported for venous replacement. 
Furthermore, because of the more advantageous hemody- 
namic characteristics of large-caliber veins, one might 
expect better patency rates with segmental venous 
replacement of any synthetic graft material when 
compared with similar replacement in small-caliber 
veins. 

The formation of thrombi at the anastomotic sites with a 
patent central lumen could be suggestive of an anastomotie 
technique problem or possibly a suture graft interaction. 
The graf:s may have originally been clotted throughout 
their length, and retraction of the clot could have left the 
central area of the grafts essentially patent, leaving the 
central portion filled with a serous fluid resulting from 
retractior of the clot. Cross sections of excised PTFE 
grafts midway between suture lines produced a lumen free 
of thrombus. In the absence of venography, it is possible 
that graf: patency could be incorrectly assumed. 

Venography and saphenous peripheral venous pressures 
were usec to monitor the patency of both expanded PTFE 
and autogenous grafts. Because of the apparent failure in 
the first five expanded PTFE grafts and the absence of 
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 venography performed by Florian et al, venograms were 
-considered a possible contrikuting factor and, therefore, 
were not performec preoperetively, postoperatively, or at 
. one day in the remaining four dogs. Since thrombosis in 
= the expanded PTFE group occurred in all remaining 
animalis, the possibility of graft failure being related tothe | 
contrast material used was excluded. The use of contrast - 
radiography to evaluate graft interpositions and monitor 
patency should be a routine procedure in any venous 


| replacement study. This neec is evidenced by other inves- - 


tigators using expanded PTFE for SEDE HUN venous 
replacement.'*'^ ive 

Tissue ingrowth into the 30-u aipanded PTFE grafts - 
varied within the grafts. Complete ingrowth occurred at 
sutured areas and where the thrombus was in contact with - 
the graft. The RAUM reaction and greater tissue 


greater ingrowth into the graft. In the ia A of 
the expanded PTFE grafts, fibrous growth into the graft 


only occurred on tħe outer surface, which was in contact 
with a fine fibrous tissue sheath. Heydorn et al" smilarly — 
found ineemplete ingrowth of fibroblasts into expanded | 
PTFE grafts of 15 to 30 » fibril length, whereas the 90 u 
pore size grafts showed comolete fibrous ingrowth. | 
The fibrotic reaction occurring at the suture Ine was 


very evident on dissection o? the expanded PTFE grafts. z 
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Phonan et al reported a "uides fibrotic reaction in the 
interstices with their grafts. Smith et al? replacing large- 
caliber veins with expanded PTFE, demonstrated a throm- 
botie response that was most pronounced at the suture line 
and later was replaced by a thick neointima, resulting in 
309 to 40% narrowing of the graft. Fujiwara et al' also 
4: . reported pseudointimal narrowing of expanded PTFE 
grafts used for large-caliber veins. Expanded PTFE graft 
failure of the superior vena cava was reported by Heydorn 
et al” to be caused by thrombosis associated with stenotie 
fibrosis and stricture oceurring at the atrial suture line. It 
would appear that with this kind of tissue response, the 
| probability of maintaining patency in small-caliber veins 
would be less rewarding. Soyer et al? stated that the 
— tendency for thrombosis in a vascular prothesis i is variable 


. even among large-caliber veins, and peripheral v veins would 


be the most difficult to keep patent. 
y The present results suggest that the value of small- 
: caliber vein replacement with 30-1 fibril length expanded 
PTFE would be doubtful. However, further investigational 
studies. need to be conducted to determine the viability of 
this mater ial for repair of small-caliber veins. 


Expanded polytetrafluoroethylene was supplied free of charge by the W. 
L. Gore Co, Flagstaff, Ariz. Stephen E. Fisher, Michael Cotton, and Joe 
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A Comparison of Rapid-Healing Prosthetic 
Arterial Grafts and Autogenous Veins 


Richard M. Green, MD; Martin Thomas, MD; Norman Luka, MD; James A. DeWeese, MD 


è The patency rates and healing characteristics during a 
nine-month period of internal velour Dacron grafts, external 
velour Dacron grafts, and Sparks-Mandril grown grafts were 
compared with autogenous jugular veins when used to bypass 
short segments of the canine femoral artery. Graft thrombosis 
occurred in three of 11 external velour grafts, in six of 11 internal 
velour grafts, and in three of 11 Sparks-Mandril grafts. None of 
33 autogenous veins occluded. Graft thrombosis was not corre- 
lated with the degree of graft healing but rather with a hyperplas- 
tic proliferative intimal lesion observed at the proximal anasto- 
mosis of the occluded grafts. 

(Arch Surg 114:944-947, 1979) 


hrombotie occlusion, the all-too-frequent outcome 
when synthetic surfaces are used to bridge defects in 
small- and medium-sized vessels, has been attributed in 
part to the inherent thrombogenicity of the nonbiologic 
surface. Sauvage et al have presented data that indicate 
that the best assurance of long-term graft patency with 
currently available prosthetic materials is the attainment 
of complete healing of the prosthetic wall, ie, an endothe- 
lialized flow surface.' Complete healing of the flow surface 
is at least theoretically desirable because the blood-clotting 
characteristics of the flow surface become relatively 
normal only when an endothelized flow surface appears." 
In this experiment, the patency rates of grafts of Dacron 
velour, a material which attains a healed state in a more 
rapid fashion than conventional Dacron* and the Mandril- 
grown grafts, conduits whose flow surface is composed of 
autogenous tissue at the outset, were compared with 
patency rates of autogenous vein when used as bypasses of 
the canine femoral artery. 


MATERIALS AND METHODS 


Under sterile precautions with pentobarbital sodium anesthesia, 
66 femoral artery bypass grafts, 6 cm long, were performed on 33 
mongrel dogs weighing 20 to 33 kg. Sauvage-knitted Dacron 
external velour grafts with internal diameters of 6 mm were used 
in 11 dogs. DeBakey-knitted Dacron internal velour grafts with an 
internal diameter of 4 mm were used in 11 dogs. Sparks-Mandril 
grafts with an internal diameter of 6 mm grown for six weeks in 
situ prior to anastomosis were used in 11 dogs. Autogenous jugular 
veins with an outside diameter of 6 to 10 mm were used in each dog 
to bypass the contralateral femoral artery. The operations were 





Accepted for publication Dee 11, 1978. 

From the Department of Surgery, University of Rochester (NY) Medical 
Center. 

Reprint requests to Department of Surgery, University of Rochester 
Medical Center, 601 Elmwood Ave, Rochester, NY 14623 (Dr Green). 


944 Arch Surg—Vol 114, Aug 1979 


performed in rotation by three surgeons with littie previous 
experience with arterial anastomoses. The graft material was 
alternated so that the surgeon was at the same level of experience 
when comparing prosthetic grafts and veins. 

A longitudinal incision was made to expose the femoral artery 
from the inguinal ligament to beyond its first bifurcation. The 
outside diameters of the femoral arteries were 3 to 7 mm 
proximally and 2 to 5 mm distally. Heparin sodium, .,500 units, 
was admmistered intravenously before occlusion. Lengitudinal 
arteriotomies 1!? times the graft diameter were made. “nd-to-end 
anastomoses were constructed using a running 6-0 polypropylene 
suture. 

The bypassed segment of the femoral artery was ligated 
adjacent to the anastomoses. Protamine sulfate, 15 mg was given 
intravenously on release of clamps. Cephalothin sodium, 1 g, was 
given intramuscularly on the day of operation and then once daily 
for the first five postoperative days. 

The grafts were followed weekly by palpation during a nine- 
month period. All groins were re-explored either on tke loss of a 
femoral pulse or at the termination of the study. Grafts and artery 
were removed en bloc and examined grossly and micrescopically. 


RESULTS 
Material Characteristics 


The vein grafts displayed better handling charecteristics 
than did any of the prosthetics. They were more p iable and 
easier to sew. Fraying at the ends of the Mandril grafts 
tended to make sewing difficult and necessita-ed large 
bits of graft material. None of the grafts were preclotted. 
Bleeding was a problem only with the external velour 
material. There were four perigraft hematomas when 
these grafts were explored at nine months. 


Patency 


None o? 33 autogenous jugular veins became thromboses 
after nine months of follow-up. External velour grafts 
remained patent in eight (73%) of 11 dogs at nine months. 
The three thromboses occurred at 60, 90, and 195 days. 
Internal velour grafts remained patent at nine months in 
six (55%) of 11 dogs. The five thromboses occurred at 5, 26, 
90, 210, and 240 days. Sparks-Mandril grafts were patent in 
eight (73%) of 11 dogs at nine months. The three throm- 
boses occurred at 52, 134, and 135 days. 


Pathology 


The early graft failure in two of the internal velour 
grafts, ie, at seven and 26 days was due to technical errors. 
In every ether graft that occluded, we observed zhe same 
pathological entity, an obliterative fibrous lesion at the 
proximal anastomosis (Fig 1). Graft thrombosis vas in no 
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way correlated with graft healing (Fig 2). 

The external veloar grafts had a 73% patency rate at 
nine months (Table 1). Thromboses at 60, 90, and 195 days 
were due to neointimal fibrous hyperplasia. These throm- 
boses grafts displayed adequate healing, ie, 70%, 95%, and 
50% of their respeetive flow surfaces. There were four 
grafts that displayed less than 10% healing of their flow 
surfaces because cf perigraft hematomata, yet these 
grafts all remained patent. Neointimal fibrous hyperplasia 
was not observed at the proximal anastomosis of these 
grafts. 

The internal veloar grafts had a patency rate of 55% at 
nine months (Table 2). Two early thromboses were due to 
technieal errors. The other three thromboses were due to 
neointimal fibrous ayperplasia. Again, there was no asso- 
ciation between surface healing and graft patency. No 
perigraft hematomata were observed in this group. 


neointimal fibrous hyperplasia at the proximal anastomo- 
sis (Fig 4). 


COMMENT 


The present study was carried out in the same manner as 
previous evaluations of arterial prostheses in our laborato- 
ry. The surgeons alternated materials in a randomized 
fashion so that differences in results could not be attrib- 
uted to the technical capabilities of the operator. Our 
results were similar to those of others who have compared 
various conduits as bypass grafts of replacements of the 
canine femoral artery, that is, the patency rate of autoge- 
nous vein is superior.^'* 

The causes of prosthetic graft thrombosis have been 
studied. Poor handling characteristics of synthetic materi- 
als, such as decreased pliability and elasticity when 
compared with autogenous vein could be a factor in 


ato ka 


The Sparks-Mandril grafts all had 100% healing, ie, all determining patency. Although elasticity may facilitate E. 
the flow surface was lined with autogenous neointima ^ compensation for physical distortions of the graft, con- ^ 
(Fig 3). Despite this, three grafts occluded, each with ^ formity at the anastomosis is of questionable importance. 3 

Fig 1.—Internal velour prosthesis that occluded after 210 days: A, ! A 

/^ obliterative fibrous lesion at proximal anastomosis, typical of A 
findings in each occluded graft; B, nonthrombogenic neointimal D 
flow surface that despite its presence did not prevent graft » 
thrombosis. | 3 

; 

Fig 2.—External velour graft open at nine months. Graft was 1 


surrounced by large perigraft hematoma: A, anastomosis displays 
no evidence of fibrous hyperplasia; B, flow surface displays no 
evidence of healing. Arrow points to surface thrombus-fabric a 
complex. | 





Fig 3.—Cross section through neointimal 
fibrous lesion occluding proximal anasto- 
mosis of thrombosed Sparks-Mandril graft: 
A, Dacron fiber and porous interstices 
through which fibroblasts grow prior to 
anastomosis; B, histologic appearance of 
neointimal fibrous hyperplasia consisting 
of fibroblasts and collagen fibers. 
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Table 1.—Patency and Healing Characteristics of 
External Velour Grafts 














Flow Neointimal 
Surface Fibrous 
Dog Healed, 96 Hyperplasia Result at 9 mo 
3-428 « 10* None Open 
3-429 70 Marked Thromboses 90 days 
3-311 95 Marked Thromboses 195 days 
3-469 « 10* None Open 






3-498 95 None Open 











3-515 50 None Open 
3-541 < 10* None Open 
3-570 75 None Open 
3-617 « 10* None Open 






3-719 50 Marked Thromboses 60 days 


3-746 None Open 









*Perigraft hematoma found when graft was explored. 


Table 2.—Patency and Healing Characteristics of 
Internal Velour Grafts 


Neointimal 
Fibrous 
Hyperplasia 


None 
None 
Marked 
None 
None 
None 
None 
None 
Marked 
None 
Marked 


Flow 
Surface 
Healed, % 


Result at 9 mo 
Open 
Thromboses 7 days 
Thromboses 240 days 
Open 
Open 
Thromboses 26 days 
Open 
Open 
Thromboses 210 days 
Open 
Thromboses 90 days 


Dog 
3-436 
3-445 
3-454 
3-481 


-512 
3-553 
3-586 
3-688 
4-12 
3-708 


Angiographically, the greatest turbulence is observed at 
the anastomoses of vein grafts.’ Size of grafts have been 
implicated in their failure, and oversized grafts should be 


- . avoided, but neither turbulence or graft diameter is an 


y important factor in graft patency." 
Sauvage et al' have presented data to indicate that the 
inherent thrombogenicity of nonbiologic surfaces is casual- 


-— ly related in their high incidence of thrombotic occlusion. 


Yates et al' have determined the surface thrombogenicity 
of arterial prostheses after varying implantation time. 
They demonstrated that the surface clotting time 
approached that of normal aorta only when complete 
healing of the prosthetic wall occurred. They concluded 
that the best assurance of long-term graft patency with 
currently available prostheses is the rapid attainment of 
complete healing of the prosthetic wall. 

The design of the wall of porous arterial prostheses has 
an important effect on healing. Comparative healing 


-~ studies have shown that the filamentous velour prosthesis 


heals more rapidly and completely than does conventional 
knitted prostheses with relatively smooth walls. The fila- 
mentous configuration subdivides the interstices of the 
velour graft and provides a framework along which fibro- 
blasts can grow. The patency rates of 73% for the external 
velour and 55% for the internal velour were inferior to that 
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Fig 4.—Cross section through Sparks-Mandril graft prior to anas- 
tomosis into circulation: A, complete autogenous flow surface is 
shown by arrow. 


of autogenous vein and no better than any other prosthesis 
tested in this laboratory. The velour grafts used in this 
experiment showed a high degree of healing, but the 
degree of healing was not correlated in any way with graft 
patency. All four grafts with perigraft hematomas had 
essentially no healing, yet all four were patent at nine 
months. 

Hufnagel,^ in 1964, described a method for growing 
neointima on vascular grafts prior to implantation. In 1968, 
Sparks'* developed the tissue dye for making biologically 
prepared prostheses. A silicone rubber rod covered with 
two tubes of large mesh-knitted Dacron is implanted in the 
location o? the contemplated arterial grafting. After wait- 
ing eight weeks during which time an autogenous tube 
encapsulated the knitted Dacron, the silicone rod is 
removed znd anastomosis is carried out. If an autogenous 
flow surfzce is the only acceptable material for graft 
replacement of small and medium-sized vessels then the 
Mandril-grown graft described by Sparks should perform 
as well as the autogenous vein. When anastomosed into the 
circulation, the blood contacts nonthrombogenic tissue not 
unlike the situation with autogenous vein. In our experi- 
ments, however, the patency rate of the Mandril-grown 
graft at nine months (73%) was inferior to that of autoge- 
nous veim. Although tough and strong, we found the 
handling characteristics poor and the ends frayed easily 
with suturing, and this required large bits of tissue. 

The one consistent pathologie finding in the occluded 
grafts was the obliterative fibrous lesion at the proximal 
anastomosis. This finding has been noted both experimen- 
tally and clinically by others. Phillips et al* reported similar 
findings in the failure of 6-mm synthetic grafts. Weyman 
et al’ reported this finding in the failure of bovine hetero- 
grafts. Kennedy et al" and Imparato et al^ have impli- 
cated this process as a cause of graft failure in the clinical 
setting after both aortocoronary and femoral popliteal 
reconstructions. In our study, this neointimal fibrous 
hyperplasia was the single most important cause of long- 
term graft occlusion. 

There is general agreement that the proliferative lesions 
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are induced by physical forces generated through the flow 
of blood.'** Neointimal fibrous hyperplasia can occur at 
any site after arteria. reconstruction. It can be localized or 
diffuse and ear occur where flow is unusually sluggish or 
unusually rapid. Histologically, these lesions resemble the 
fibrous portions of a-herosclerotie plaques. 

Imparate et al" have attempted to define the hemody- 
namie conditions associated with the development of this 
lesion as well as ite evolution. Their studies have shown 
that the altered heraodynamics of the end-to-side anasto- 
mosis strips away endothelium, fragments the internal 
elastic lamella, and causes the migration of primitive 
smooth muscle celle from the media of the host artery to 
the intima. Modifiestions of these myofibroblasts occur on 
the laminal sarfaceso that they resemble endothelial cells. 
These lesions cont.mue to proliferate with the continued 
physieal forces of blood flow. 

In the past, there has been great emphasis on the middle 
of the prosthetic graft, that is, the flow surface and the 
interaetion of bleod with this flow surface. Our experi- 
ments and the results of others implicate another process, 
the obliterative fibrous lesion that occurs at the anasto- 
moses. There is evidence that platelets may play a role in 
the pathogenesis of intimal hyperplasia. In an in vitro 
model, platelets -elease a substance that stimulates the 
proliferation and migration of the myofibroblasts,” Since 
it is knewn that platelet adhesion, release, and aggregation 
are an integral part of the host vessel’s response to ifjury, 
the role of the peatelet in this process must, therefore, be 
examined. Obla*h et al? have reduced the incidence of 
intimal hyperplasia by treating dogs with aspirin and 
dipyridamole. Meointimal fibrous hyperplasia occurs to a 
greater degree on prosthetic surfaces than autologous 
veins. Clark et al^ recently implicated the difference in 
mechanical properties of arteries and graft materials as a 
cause of anastemotic intimal hyperplasia. Hoepp et al^ 
have examined the effect of low-dose azathioprine (Imu- 
ran) and found striking reductions in the incidence of the 
fibrous lesion end improved graft patency to the level of 
autologous vem. Kennedy et al' presented data that 
suggest that the angle that the graft subtends with the 
host plays a ree in the pathogenesis of this process. Studies 
in our laboratory comparing the development of anasto- 
motic neointimal fibrous hyperplasia in both end-to-side 
and side-to-sile anastomoses have failed to show a differ- 
ence regardless of the flow characteristics at the proximal 
anastomosis “G. L. Hicks, MD, and J. A. DeWeese, MD, 
unpublished «ata, September 1974). 

Our data saggest that the inherent thrombogenicity of 
nonbioiogie surfaces has little to do with ultimate graft 
thrombosis. We have used grafts that either are healed at 
the time of msertion or attain healing in a rapid fashion. 
These grafts showed no correlation between that state of 
healing and altimate patency. Instead, graft thrombosis in 
our experiments was due to an obliterative fibrous lesion 
oceurring at the proximal anastomosis. Freedom from 
thrombosis depends only in part on a nonthrombogenic 
surface. Ar adequate flow is also required to dilute and 
wash away altered plasma procoagulants and to disperse 
activated peateleis. It is postulated that anastomotic neoin- 
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timal fibrous hyperplasia, a phenomenon that occurred in 
every occluded graft, retards flow and, therefore, causes 
graft thrombosis. We believe that its prevention rather 
than the development of a nonthrombogenie surface is the 
sine qua non for success for any prosthetic material when 
used as a small-vessel replacement. 


Nonproprietary Names and Trademarks of Drugs 


Azathioprine—/muran. 
Cephalothin sodium—Keflin. 
Dipyridamole—Persantine. 
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Clinical Notes 


Polypoid Lesion of the Stomach 


Resection Through the Fiberoptie Endoscope 


Siroos S. Shirazi, MD 


è Endoscopic removal of gastric polyps was done in six 
patients. Because most gastric polyps are benign and the 
malignant neoplasm is limited to the polyp without distant 
metastasis, local excision should be the treatment of choice. 

(Arch Surg 114:948-949, 1979) 


M“ gastric polyps are usually found between the sixth 
and eighth decades of life. Operative removal has 
been advocated because of their malignant potential.: In 
most series, the incidence of malignant neoplasms is 
reported to be 10% to 20% and in the majority, malignant 
neoplasms are generally in the form of carcinoma in situ.' 
Since the malignant neoplasm is limited to the polyp 
without distant metastasis, it is logical that local excision 
should be the treatment of choice. With the availability of 
the fiberoptic endoscope, diagnosis and removal of these 
polyps have been facilitated. The intent of this report is to 
emphasize the advisability of this technique for diagnosis 
and treatment of the gastric polyp and to review our 
experience with gastric polyps since 1938. 


REPORT OF CASES 


Since 1972 with the availability of fiberoptic endoscopy, the 
following six patients with gastric polyps have been treated by 
local excision of the polyp through the fiberoptic endoscope. 

Case 1.—A 64-year-old man was admitted to the hospital in 1972 
with a history of tarry stools. Barium contrast study of the 
stomach showed a l-cm gastric polyp. Endoscopy confirmed the 
diagnosis and the polyp was removed with electrocautery through 
the endoscope. His bleeding stopped. The polyp was a benign 
adenoma. He died one year later with primary carcinoma of the 
liver. 

Case 2.—A 52-year-old woman was admitted to the hospital in 
1974 with a nine-month history of epigastric pain. Barium contrast 
study of the stomach showed a 2-cm polyp that was thought to be 
malignant by the radiologist. At endoscopy, two polyps, 2 and 2.5 
cm, respectively, were noted and removed. Both were benign 
adenomatous polyps. The patient is doing well. 

Case 3.—A 70-year-old woman with a three-month history of 
nausea and occasional vomiting was admitted to the hospital in 
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March 1975. Upper gastrointestinal barium studies showed a large 
polypoid mass that was protruding into the pylorus. Endoscopy 
was performed and a 2 x L5-polyp with a long 2-em stalk was 
found in the antrum. The polyp was removed with electrocautery 
through the endoscope. The patient did well and was discharged 
from the hospital. The polyp was a benign adenoma. She is doing 
well three years after removal of the polyp. 

Case 4.— 4 68-year-old man was admitted in 1975 with a history 
of epigastric pain. Upper gastrointestinal (GI) barium studies 
showed a |-cm gastric polyp that was removed through the 
fiberoptic endoscope. He is doing well two years after removal of 
the polyp that was a benign adenoma. 

Case 5.—A 68-year-old woman was admitted in 1976 with a 
history of weakness, nausea, and vomiting. Her hemoglobin level 
was 9 g/dL and barium contrast studies showed a polypoid mass 
located in the pyloric region. Endoscopy was performed and an 
adenomatous polyp measuring 2 x 1.5 x 1 em was removed. The 
polyp had cellular atypia at its tip on microscopic examination. She 
is doing well two years after polypectomy. 

Case 6.—A 70-year-old woman with a history of epigastric 
distress had her condition diagnosed as having a 1.5 x l-em 
gastric polyp on barium contrast studies of the stomach. She was 
followed up for one year but because her mother had a malignant 
gastric polyp removed from her gastric antrum 25 years previously 
she was admi:ted to the hospital in 1977 and three polyps were 
removed through the fiberoptic endoscope. They measured 0.5 to 
1.5 em and were benign adenomatous polyps. She is doing well 16 
months after polypectomy. 

These six patients are the entire group of patients treated with 
operative therzpy since 1972. 


MATERIALS AND METHODS 


The technique used for polyp removal is as follows: The patiert 
is fasted the night before. Intravenous diazepam (Valium), 5 to 10 
mg, is given for relief of anxiety. After visualization of the polyp 
with the gastroscope, the polyp is encircled with snare cautery and 
transected. The polyp is then grasped with the snare loop anc the 
gastroscope removed after assurance that there is no bleeding 
from the stalk. The patient is not given anything by mouth for an 
additional 24 hours, then is gradually fed. Antacids are given 
regularly for seven days. 

No bleeding was noted in any of our six patients and all 
tolerated the procedure well. At endoscopy, no attempt was made 
to differentiate the benign polyps from malignant ones. The exact 
nature of polyps were diagnosed by histological examination. 

Since 1938, the Tumor Registry of the University of Iowa 
Hospitals, Iowa City, has followed up all patients with benign and 
malignant gastric polyps. For the purpose of this study, only 
patients with adenomatous polyps of the stomach were included. 
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Malignant polyps -hat were associated with cancer of the stomach 
have been excluded. Sixty-eight patients with gastric polyps were 
studied. There were 41 men and 27 women, with ages ranging 
from 55 te € years; the majority being older than 65 years of age. 
Fifteen patients 1ad malignant zastric polyps. Seven had more 
than two polyps and eight had single polyps in their stomach. The 
size of the polyps varied between 1 to 2.5 cm. Main presenting 
symptoms were epigastric distress (eight patients), nausea and 
vomiting (three patients), and weakness (four patients). Six 
patients were admitted with hemoglobin levels of less than 10 
g/dL. Two patierts refused operative therapy and died 12 and 18 
months later wita adenocarcinoma of the stomach. Two patients 
died due to congestive heart failure and at autopsy malignant 
polyps were found in their stomach. Another patient was admitted 
with a broken hi and died of palmonary embolus; at autopsy, a 
single malignantgastric polyp was found. Ten patients underwent 
gastric resection two survived $5 and 27 years. Six survived five 
years and two died one year later, one with adenocarcinoma of the 
stomach and one of an unrelated cause. 

Fifty-three petients had benizn single or multiple polyps. The 
main complaints that were first observed were epigastric distress 
(35 patients) nzusea and vomi-ing (ten patients), and bleeding 
and anemia (sewen patients). Gastric polyps were found inciden- 
tally at autopsy in 29 patients. Eight patients were followed up 
with gastric polyps for four to 20 years; none died with cancer of 
the stomaeh. Ore patient was fellowed up for 20 years. Her polyp 
grew to 3 em ani was still benign at autopsy. Twenty-five patients 
had operative tkerapw of gastrie polyps, local excision was done in 
15 patients, and gastrie resection in ten patients; none died of 
their disease. Operative morbidity in the form of subphrenic 
abscess and postoperative GI b eeding occurred in three patients. 
The size o£ the polyps varied from 0.5 to 3.5 em in this group of 
patients. 


COMMENT 


Sinee the pioneering observation of gastric polyp with 
barium contrast studies by Heinz and the visualization of 
gastric polyps with the gastroscope by Schindler, numerous 
large series o^ gastric polyps have been reported by various 
observers. These reports dealt mainly with the associa- 
tion of cancer and gastric polyps, varying between 12% and 
50%. However, the malignant potential has been consid- 
ered to be mach ess in recent studies.*^ 

Because o: the diagnostic uncertainty as to whether a 
polyp is mali znart or not, cperative therapy was advocated 
in earlier reports. However, because of the high rate of 
morbidity amd mortality associated with operative thera- 
py? and the benign nature ef the majority of gastric polyps, 
nonoperative therapy was recommended for polyps of less 
than 2 em in diameter.? Besides the malignant potential of 
gastric polyps, operative therapy of gastric polyps is 
usually necessary in cases of severe epigastric distress, 
bleeding, and obstruction of the stomach. 

In this se-ies the correct roentgenographic diagnosis of 
gastric polyos was approx mately 70%. In ten patients, the 
radiologist anderestimated the number of polyps and on 
five oceasions malignant polyps were diagnosed as benign 
polyps. The size of the malignant polyp varied between 1 
and 2.5 em &nd some benign polyps were larger than 2.5 cm. 
The morbicity in the group operated on was 5%. 

The "wat ard see" attitude and routine follow-up of 
patients wth gastric poyp on barium contrast studies, 


Arch Surg— /ol 114, Aug 1€79 


which even at the present time has an accuracy rate of 70%, 
is expensive and troublesome. Furthermore, since it is 
usually impossible for clinicians or radiologists to be 
certain whether a gastrie polyp is entirely benign or 
actually harbors malignant changes, removal of the gastrie 
polyp seems indicated. 

Monaco et al,‘ found that carcinoma in situ occurred in 
10% of the adenomatous polyps of the stomach and it only 
oecurred in small foci in the presence of noticeable epithe- 
lial atypicality, and there was only one case of microscopic 
invasion. No lymph node metastases were found in any of 
his patients and after a long follow-up there was no 
evidence for the progression of these lesions to the usual 
invasive carcinoma. These observations plus the fact that 
the majority of gastric polyps are benign and malignant 
gastric polyps (when they are not associated with frank 
carcinoma of the stomach) usually have carcinoma in situ 
without distant or local metastases, makes the local exci- 
sion a rational approach. 

With the advancement of fiberoptic endoscopy in the 
last ten years and modifications made by manufacturers, 
new and more versatile use is being made of this equip- 
ment. Endoscopic resection of polypoid lesions of the colon 
is a well-recognized technique. Obviously, the advantages 
of endoscopic removal of the polypoid lesions should apply 
equally to lesions of the stomach and duodenum.* 

This simple technique avoids prolonged hospitalization 
and in most cases is diagnostic and therapeutic. At the 
same time, it is cheaper and safer than operative therapy 
and alleviates the patient from anxiety and the need for 
prolonged follow-up with barium contrast studies. This 
approach to polypectomy should be used more often by 
qualified endoscopists with the forehand knowledge that 
on rare occasions operative therapy may be indicated in the 
event of complications. 

In this review, no attempt has been made to compare the 
larger group who was seen before 1972 and the smaller 
group of patients who were treated with endoscopic remov- 
al since 1972. Because of the difference between the 
number of patients and the absence of patients with 
malignant polyps in the recent group, no meaningful 
comparison ean be made but one can speculate that endo- 
scopic removal of a gastric polyp for any reason is simpler 
and is associated with less or no complication as is shown in 
this small group. 


Linda Diedrick helped collect data. 
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Renal Transplantation for 
End-stage Myeloma Kidney 


Report of a Patient With Long-term Survival 


Richard K. Spence, MD; Gary S. Hill, MD; Manfred I. Goldwein, MD; 


Robert A. Grossman, MD; Clyde F. Barker, MD; Leonard J. Perloff, MD 


* A patient had prolonged survival after renal transplantation 
was performed for myeloma kidney. Continued function of the 
allograft without evidence of recurrent myelomatous involvement 
suggests that transplantation be considered for patients with 
multiple myeloma in whom renal failure constitutes the major 
problem. 

(Arch Surg 114:950-952, 1979) 


hronic renal failure, which occurs in approximately 50% 
of all patients with multiple myeloma, results in 
death within 14 months of onset in more than half of all 
patients with a BUN level greater than 40 mg/dL.'? 
Long-term dialysis for end-stage myeloma in the kidney 
has had only limited success? and renal transplantation has 
been discouraged because of potential damage to the 
allograft from  paraprotein toxicity and deposition. 
Humphrey et al* described one patient with myeloma in 
the kidney who survived 15 months after transplantation, 
which suggests that renal transplantation may be an 
acceptable therapeutie modality for patients with myeloma 
who are in remission and have no overt evidence of disease 
other than renal failure. A patient with end-stage renal 
disease secondary to multiple myeloma is alive eight years 
after a successful renal allograft from a living related 
donor. 
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REPORT OF A CASE 


In December 1970, a 45-year-old woman was admitted to the 
Hospital cf the University of Pennsylvania, Philadelphia, for 
evaluation and treatment of uremia and anemia. Four months 
prior to admission, her blood pressure had been 220/110 mm Hg. 
Important history included transient hypertension at age 23 years 
and mild texemia of pregnancy at age 30 years. Physical exami- 
nation showed a moderately obese woman with a pulse rate of 108 
beats per minute and blood pressure of 190/79 mm Hg when in a 
supine pos:tion, 200/100 mm Hg while sitting. Mild arteriolar 
narrowing was seen in the optic fundi. There were bibasilar rales, 
an 54 gallop, and a grade 1/6 systolic ejection murmur at the left 
sternal border. 

Laboratory tests performed at admission gave the following 
values: serum urea nitrogen, 120 mg/dL; glucose, 170 mg/dL; 
sodium, 120 mEq/L; potassium, 4.8 mEq/L; chloride, 80 mEq/L; 
carbon dioxide, 20 mEq/L; creatinine, 19 mL/dL; caleium, 9.7 
mEq/dL; phosphate, 8.9 mg/dL; and albumin, 3.2 g/dL. Hemoglo- 
bin level was 9.3 g/dL; hematocrit level, 2895; and the WBC count, 
3,500/cu mm, with 92% filamented neutrophils, 1% eosinophils, and 
7% lymphocrtes. Urine reaction for protein was 2+, many RBCs, 
six leukocytes per high-power field, and one to two granular casts. 
Twenty-four-hour urinary protein excretion was 750 mg. Total 
serum protein level was 9.9 g/dL. Cultures of urine were sterile. 
Results of latex fixation test were negative, antistriptolysin O ` 
titer was within the normal range, and the results of a test for 
Bence Jones protein in the urine were negative. 

Two separate renal biopsy specimens showed interstitial inflam- 
matory disease and fibrosis, with only three glomeruli seen. There 
was mild mesangial matrix increase and a slight increase in cell 
numbers. Nc deposits of IgG, C3, or fibrinogen were seen. A 
diagnosis of end-stage kidney disease on the basis of interstitial 
fibrosis was made. Fluid and electrolyte abnormalities were 
corrected anc hemodialysis was instituted. On March 9, 1971, the 
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Renal medulla from patient's own kidney. Numerous typical 
“myeloma” casts are present with macrophagic response, often 
in form of multinucleated giant cells. Large cast on left shows 
prominent fractusing, also typical of casts in multiple myeloma 
(hematoxwlin-eosm, x 155). 


patient underwent transplantation of a renal allograft with a 
one-haplotype mateh donated by her sister. The patient's own 
kidneys were removed and their condition histologically was 
judged te be cempatible with interstitial fibrosis. An acute 
rejection reactior was successfully treated in the second postoper- 
ative week and the patient was discharged after six weeks. 
Laboratory values at *he time of discharge included: hemoglobin, 
11.4 g/dL; WBOs, 5,900/cu mm; BUN, 44 mg/dL; and creatinine, 
1.2 mg/dL. Durirg the next four years, she maintained excellent 
renal function while receiving 5 to 10 mg/day of methylpredniso- 
lone and 175 to 200 mg/day of azathioprine. She was rehospitalized 
twice during this interval: once, two months after transplantation 
for treatment ef a urinary tract infection, and again, 27 months 
after transplantation for a dilation and curettage to remove 
bleeding endometrial polyps. 

Three years ater transplantation, neck and back pain devel- 
oped. Cervical and lumbar spine roentgenograms showed osteopor- 
osis with an L-5 eompression fracture. Treatment consisted of 
analgesics and rest. In May 1975, four years after transplantation, 
the patient was hospitalized after diplopia suddenly developed. 
Physical exam-nation showed a left sixth cranial nerve weakness. 
There were multiple radiolucent bodies of the skull and mandible, 
a left-sphenoid mass lesion, diffuse osteoporosis, and a cystic 
lesion of the rizFt clavicle. Bone scans showed increased uptake in 
the right ctavide, skull, and extremities. Laboratory data included 
the following values: hemoglobin, 12.3 mg/dL; WBCs, 4,400/cu 
mm, with 71% filamented neutrophils and 18% lymphocytes; 
creatinine, 1.0 mg/dL; BUN, 22 mg/dL; and glucose, 115 mg/dL. 
Urine reaction “or protein was 3 to 4+ with sulfosalicylic acid 
technique, but Bence Jones protein was not detectable. Results of 
routine serum protein electrophoresis showed a total protein level 
of 6.5 mg4dL, with normal fractions. However, results of immu- 
noelectrophoress of the serum showed a small amount of circulat- 
ing Bence-Jones protein of the x type. Sternal bone marrow was 
packed with abnormal plasma cells, many in sheets, which is 
diagnostie of myeloma. Treatment included substitution of cyclo- 
phosphamide for azathioprine, and radiotherapy (a total of 3,000 
rads to the left sphenois sinus) Over the next two weeks, 
improvement ia the diplopia was rapid and the patient was 
discharged. A mild increase in the serum creatinine level was 
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noted, but the level was never greater than 1.9 mg/dL. 

Two weeks after discharge, the patient was again hospitalized 
with headache, fever, and diarrhea. Results of CSF analysis 
showed 1,000 WBCs/cu mm, with 85% polymorphonuclear leuko- 
cytes, protein level of 284 mg/dL, and glucose level of 21 mg/dL. 
Listeria monocytogenes grew from spinal fluid cultures. Treat- 
ment with chloramphenicol, 1 g given intravenously every four 
hours, was started, but after four days the granulocyte count 
dropped to 2,000/cu mm. The therapy with chloramphenicol was 
stopped and therapy with intravenous penicillin, 20 million units/ 
day was started. The therapy with cyclophosphamide was discon- 
tinued and immunosuppression consisted only of prednisone 10 
mg/day for the next four weeks. After 12 days of therapy with 
penicillin, she became afebrile and asymptomatic. Results of 
computerized tomographic study of the skull and brain done at this 
time showed no focal mass or cystic lesions. The WBC count 
gradually rose to 5,000/cu mm and therapy with cyclophosphamide 
was restarted. During the subsequent three years, she remained in 
good health while receiving maintenance dosages of immunosup- 
pressives: cyclophosphamide, 25 to 30 mg/day, and methyprednis- 
olone, 10 mg/day. Bone pain has been minimaland at the timeof this | 
writing there were no abnormal neurologic findings. Renal function 
has remained stable, with the serum creatinine level in the 1.5 to 1.8 
mg/dL range. Bence Jones protein has been undetectable by both 
serum and urine immunoelectrophoresis performed on repeated 
occasions during this period of time. At the time of this writing, the 
patient complained of occasional diplopia. 

At the time that the clinical diagnosis of multiple myeloma was 
made, the previously taken renal biopsy and nephrectomy speci- 
mens were reexamined. Although they were initially interpreted 
as showing interstitial fibrosis, the review showed this to be in 
error, and changes of multiple myeloma were found to be present 
in all of the kidney specimens. The patient’s own kidneys were 
essentially “end-stage,” with severe cortical contraction. Approxi- 
mately 40% of all the glomeruli were totally sclerotic (Figure). 
Most of the remaining glomeruli showed changes indicative of 
early ischemic atrophy, with some contraction of the glomerular 
tuft and thickening and wrinkling of the capillary walls. Many of 
the glomeruli had mild prominence of the mesangium, with 
increase in both the numbers of cells and matrix and the appear- 
ance clearly representing myeloma in the kidneys.** Rarely, 
glomeruli showed congestion with capillaries stuffed with RBCs, 
some of which were fragmented. There was prominent intimal 
proliferation and sclerosis in the arteries and arterioles, as well as 
oecasional hyaline arteriosclerosis. Other changes characteristic of 
myeloma were seen in the tubules and interstitium. There were 
abundant casts at all levels, but most prominently in the distal and 
the collecting tubules. Despite the extensive interstitial inflamma- 
tion and scarring, there was no evidence of inflammation in and 
about the renal pelvis, thus ruling out pyelonephritis as an 
important factor in the renal scarring. At the time that the 
nephrectomy was performed, only limited immunofluorescence 
studies were being performed. However, staining with anti-IgG 
and anti-f,. or £;, globulin antisera failed to show any deposition 
in glomeruli or vessels, although cast staining was observed with 
anti-IgG globulin antiserum. 


COMMENT 


Renal failure is a common complication of multiple 
myeloma, occurring in approximately 50% of all 
patients.'^' Several etiologic factors may be implicated, 
including tumor infiltration of the kidney, hypercalcemia, 
hyperuricemia, and dehydration.** Chronic renal failure 
that results from direct myelomatous involvement of the 
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kidney is thought to be due to loss of tubular function 
secondary to a toxic effect of paraprotein and, in the end 
stages, to cast formation and blockage of tubules.''" 
Patient survival after the development of renal failure in 
myeloma has been shown to correlate well with the BUN 
level at the time of initial presentation. Mortality rises 
sharply when the BUN level is 40 mg/dL or greater, and 
death usually occurs within 14 months.'^' Attempts to 
improve survival by rapid hydration, electrolyte mainte- 
nance, and dialysis*'* have met only limited success. Leech 
and coworkers' described two patients treated by mainte- 
nance hemodialysis who survived 44 and 45 months, respec- 
tively, after onset of myelomatous renal failure. They 
suggest that dialysis might allow time for myeloma in the 
kidney to respond to chemotherapy and may be used to 
maintain certain patients with irreversible renal damage. 
Humphrey et al‘ have described the only known patient 
who was successfully treated for myeloma in the kidney 
with renal transplantation. Although this patient died 
from Aspergillus bronchopneumonia 15 months after 
transplantation, renal function was normal, and postmor- 
tem examination of the allograft 9 showed no evidence of 
myelomatous involvement. This was apparently a result of 
successful chemotherapeutic control of the myeloma that 
resulted in a great decrease in the excretion of Bence Jones 
protein. 

The patient described earlier has survived for eight 
years since renal transplantation and four years since 
extrarenal myeloma developed, with no evidence of deteri- 
oration of renal function. Although it was thought, on the 
basis of the initial histologic examination, that this 
patient’s renal failure was caused by either hypertension 
or by some other form of interstitial fibrosis, histologic 
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changes on the review were considered to be pathogno- 
monic of myeloma. Occasionally, rare casts with tubular 
epithelial syncytia surrounding them are present in end- 
stage kidneys removed for various reasons, but not usually 
in the profusion seen here. Similar findings occur with 
some regularity in Waldenstróm's macroglobu!inemia.' 

Several faetors may have contributed to our patient's 
longevity. This form of myeloma, ie, primary renal failure 
withou: overt disease, may be a more indolent form of the 
neoplasm. Furthermore, azathioprine alone anc steroids in 
combination with alkylating agents have been shown to be 
effective in reducing plasma cell mass in myeloma.'* The 
immunosuppressive regimen of azathioprine and predni- 
sone have helped to slow the development and spread of 
myeloma in our patient. A correlation between the devel- 
opment of renal failure in myeloma and the presence of 
Bence Jones proteinuria has been postulated.'"' 

In the review of DeFronzo et al'' that profiled the cases 
of 35 patients with myeloma with Bence Jones proteinuria, 
renal pathology consisted primarily of tubular atrophy and 
degeneration. Glomeruli appeared normal. Similar find- 
ings hare been seen in rat kidney slices exposed to human 
myeloma proteins. Remission of overt myeloma seems to 
offer pretection to the allograft from paraprotein damage. 
It woulc seem reasonable, therefore, to consider transplan- 
tation as a means of correcting renal failure in those 
patients with myeloma whose extrarenal disease is well 
controlled. The long-term survival of our patient with 
normal renal function tends to support this conclusion. 


Ncnproprietary Name and Trademark of Drug 


Azathioprine—Imuran. 
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Aortocystoduodenal Fistula 


Rare Complication of Pancreatic Pseudocyst 


William F. Sindelar, MD, PhD, G. Robert Mason, MD, PhD 


€ An upper gastrointestinal tract hemorrhage resulting from 
an aortocystoduodenal fistula developed in a patient with a 
pancreatic pseudocyst. The fistula was exposed through a 
duodenotomy, necrotic material was debrided from the pseudo- 
cyst and the aortic wall, the aortic defect was closed primarily, 
and the pseudocyst was drained through a cystoduodenostomy. 
The case :s discussed as a rare hemorrhagic complication of 
pancreatic pseudocysts and as ar illustration that under certain 
circumstances of infection in areas where aortic bypass can be 
difficult to perform, primary vascular repair can be a successful 
method of managing aortoenteric fistulas. 

(Arch Surg 114:353-955. 1979) 


ancreatic pseudocysts are well-recognized complica- 

tions of pancreatic inflammation.’ Although contro- 
versy exists over methods of clinical management of 
pseudocysts, ^" much current evidence favors surgical 
intervention early in the covrse of pseudocyst develop- 
ment: in order to minimize the chances of complications of 
abscess formation, rupture, or hemorrhage. 

The most serious eomplication of pancreatic pseudocyst 
is hemorrhage, a rare but zlways life-threatening and 
usually fatal oceurrence.** Tie most frequent sources of 
hemorrhage in pancreatic pseudocysts are diffuse oozing 
from the cyst wall, erosion of the splenic artery, or 
involvement of the gastroduodenal artery. Pseudocyst 
hemorrhage with erosion inzo the gastrointestinal (GI) 
tract can uncommonly be the source of major GI bleed- 
ing.^" 15 

The present case report illustrates successful surgical 
treatment of a pancreatic pseudocyst that eroded into the 
aorta and subsequently into the duodenum, resul-ing in 
massive upper GI tract hemarrhage. 


REPORT CF A CASE 


A 52-year-old man with known chronic alcoholism was admitted 
to the University of Marylanc Hospital in 1975 wita acute 
pancreatitis. He was treated with fluids given intravenously, 
nasogastrie suction, and anticholinergics, and his condition 
improvec. The acute episode resolved within seven days, but a 
pseudocyst developed in the head of the pancreas, as shown both 
on roentgenography of the upper GI tract and on ultrasonegraphy. 
The patient was diseharged ard followed up regularly in the 
medical *linic. He remained asymptomatic except for occasional 
complaints of epigastric fullness. 

Approximately 20 months after discharge from the hogpital for 
pancreatitis, the patient was seen in the emergency room with 
complaints of syncope, epigastric pain radiating to the back, and 
hematemesis. He was admitted to the medical service. Oa exami- 
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nation he was thin and normotensive, with tachycardia, mild 
scleral icterus, and moderate diffuse abdominal tenderness with 
an epigastric mass present on deep palpation. The hemoglobin 
level was 9.8 g/dL, and the WBC count was 12,500/cu mm. Serum 
chemistry determinations were normal except for an elevated 
total bilirubin level of 2.8 mg/dL and an elevated alkaline phos- 
phatase determination of 212 King-Armstrong units/mL. The 
amylase level was normal at 80 Somogyi units/dL. Stool was 
positive for occult blood. Small amounts of old blood returned 
through a nasogastric tube. 

Vital signs were stabilized by administration of intravenous 
fluids and transfusion with 2 units of blood. Fiberoptic esophago- 
gastroduodenoscopy was carried out, showing small esophageal 
varices with no evidence of recent hemorrhage, normal stomach 
without inflammation or erosion, and the duodenal bulb free of 
ulcers or other lesions. Sigmoidoscopy showed no abnormalities. 

Approximately 24 hours after admission, the patient had an 





Fig 1.—Superior mesenteric arteriogram showing filling of pseu- 
docyst in region of head of pancreas. Fistula is shown at junction 
of superior mesenteric artery and aorta. 
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episode of hematemesis, requiring 4 L of fluid replacement and 4 
units of blood to correct hypotension. After clinical stabilization, 
repeat endoscopy showed no source of upper GI tract bleeding. A 
barium enema was negative. An upper GI tract film series showed 
gastrie and duodenal displacement by a mass in the head of the 
pancreas, but no abnormalities suggestive of a bleeding source 
were detected. Abdominal sonography showed an 8-cm cyst in the 
pancreas. 

After his condition had remained clinically stable for 48 hours, 
the patient had another episode of hematemesis, with hematoche- 
zia. A third upper GI endoscopy showed no new findings. Again 
the patient’s condition stabilized and showed no further signs of 
hemorrhage for two days. 

Surgical consultation was obtained on the fifth day of hospital- 
ization, and angiography was performed. A flush aortogram with 
selective superior mesenteric injection showed immediate filling 
of a large pancreatic cyst at the origin of the superior mesenteric 
artery (Fig 1). A celiac injection showed no specific abnormalities; 
the pancreatic cyst did not fill from the gastroduodenal artery. 

The patient suffered a massive upper GI tract hemorrhage six 
hours after angiography and became profoundly hypotensive. He 
was vigorously resuscitated with fluid and blood replacement and 
was brought to the operating room for emergency laparotomy. 

At surgery (Fig 2), the stomach and small bowel were seen to be 
filled with blood. A tense, pulsatile, 8-cm mass was present in the 
pancreatic head. The common bile duct was dilated. The duodenum 
was opened revealing a fistula in the medial duodenal wall, just 
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Fig 2.—Diagram of aortocystoduodenal fistula and operative approach (left to right). 





distal :o the ampulla of Vater, which was edematous and partially 
obstructed from an intramural hematoma. The fistula communi- 
cated with the cavity of the pancreatic pseudocyst, which was 
filled with clotted blood. Control of the aorta was gaimed above and 
below the pancreas. The clot was then extracted from the pseudo- 
cyst, resulting in extensive arterial hemorrhage from the dorsal 
wall of the cyst. Bleeding was initially controlled by pressure, and 
the bleeding source was found to be an area of erosion of the cyst 
into the anterior wall of the aorta, below the celiac axis and just 
proximal to the origin of the superior mesenteric artery. Because 
of the patient’s precarious clinical status, a complete pseudocyst 
extirpation with aortic disruption at the level of the fistula was 
considered not feasible. Such an approach would have required 
reconstitution of the superior mesenteric artery and distal aortic 
circulation through an extra-anatomic bypass out of a field 
potentially contaminated by the enteric fistula. Consequently, it 
was decided to attempt primary repair of the fistula through the 
pseudocyst. The aorta was occluded above and below the pancreas. 
The pseudocyst wall and the anterior aortic wall were extensively 
debrided back to tissue that appeared normal and uninflamed. The 
defect in the aorta was repaired by primary suture with monofil- 
ament polypropylene. Hemorrhage was completely controlled. The 
pseudoeyst was drained internally through a 5-cm cystoduodenos- 
tomy at the site where the pseudocyst had eroded into the 
duodenum. Because of partial obstruction of the ampulla of Vater 
by edema and hematoma in the duodenal wall, a sphincterotomy 
was per^ormed. The surgical field was irrigated with diluted (1%) 
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povidone-iodine aqueous solution, and the patient was maintained 
on systemic broac-speetrum antibiotics (clindamycin phosphate 
and gentamiein sulfate) for seven days. 

Postoperatively, the patient recovered without complications 
and had no further GI tract bleeding. Ultrasonography performed 
seven days after surgery showed near-complete collapse of the 
pseudocyst. The patient was discharged on the tenth postoperative 
day and was foliowed up closely as an outpatient for six months, 
during whieh irterval he remained completely well, without GI 
complaints and witheut evidence of continuing intermittent 
hemorrhage. 


COMMENT 


This case illustrates erosion of the aorta and duodenum 
by a chronic pancreatic pseudocyst, resulting in hemor- 
rhage from an aortecystoduodenal fistula. The pseudocyst 
appeared to erode the anterior aortic wall, probably from a 
combination of effects from pressure necrosis and lytic 
pancreatie enzymes. Hemorrhage from the aorta into the 
fistula presumably resulted in acute cyst expansion and 
tamponade of the bleeding point. Erosion into the duode- 
num then occurred, likely from pressure exerted by the 
expanding cys-. Periodic dislodging of the tamponading 
clot withim the cyst cavity would result in intermittent 
hemorrhage into the GI tract lumen. 

Bleeding from pancreatic pseudocysts has been reported 
as a rare compEeation* 7.775 with extremely high mortal- 
ity ranging frem 49% to 100% in literature reviews." '*'*'* 
Typically pseudocyst hemorrhage results from vessels in 
the eyst wall o7 from erosion of the splenic or gastroduode- 
nal arteries.“ Fistulas between pseudocysts and the aorta 
are quite rare. Reports have indicated surgical interven- 
tion as the treatment of choice, with conservative manage- 
ment offering little benefit."'^'* Surgical management 
depends necessarily on the type and location of the pseu- 
docyst and the site of hemorrhage, but treatment generally 
involves ligation of the bleeding vessel in combination with 
drainage of the pseudocyst'*'*'* or extirpation of the cyst 
and involved structures.'*'* In the case of massive hemor- 

e, contro. of the aorta prior to manipulations of the 

. qiie may prevent excessive hemorrhage.'* 

In the present case, direct aortic repair of a potentially 
bacterially contaminated aortoenteric fistula was per- 
formed suecessfully. Generally, because of risks of infec- 
tious contamination of the site of vascular repair, aortoen- 
teric fistulas are best treated by complete aortic interrup- 
tion proxima! to the fistula. The distal aortic circulation is 
then reeonstituted with a graft through uncontaminated 
tissues, typically requiring an extra-anatomic bypass. Such 
a treatment strategy is easily applicable to distal aortic 
fistulas, with infarenal aortic closure and distal aortic 
circulation established with axillofemoral or other grafts. 
However, for fistulas in the region of the celiac-superior 
mesenteric axis, aortic reconstruction is complex, and 
reconstruction with grafts through virgin tissue planes 
may be impossible. This can be particularly true in emer- 
gent situations, where a critical clinical condition may 


mandate an expeditious procedure. The present case illus... ee 


trates that primary repair of an aortoenteric fistula wi 
associated pseucocyst in the celiac-superior mesenteric 
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region is feasible, in the absence of a viable alternative for 
bypassing the area of fistula. Adequate debridement of 
contaminated tissues in and around the aortic wall appears 
to be important; ensuring healthy tissue for the vascular 
repair. Use of prosthetic materials in the area of repair is 
contraindicated, and a vein patch would be recommended 
for closure of aortic defects that, after adequate debride- 
ment, are too large to close primarily without compromise 
of aortic flow. Adequate internal drainage of the pancreat- 
ic pseudocyst probably is important in maintaining integ- 
rity of the repair by promoting collapse and resolution of 
the cyst. 

Although simple observation of pseudocysts arising 
after pancreatitis has been advocated because of the 
possibility of spontaneous resolution,’ it has become clear 
that a high risk of serious complications exists if pseudo- 
cysts are managed medically.'** In a review of 54 patients, 
Pollak et al^ found that nonoperative management of 
suspected pseudocysts had 70% failure rate, including 11% 
mortality from complications. Because of the high failure 
and complication rates of nonoperative management of 
pseudocysts, it is reasonable to advocate surgical interven- 
tion for pseudocysts persisting after episodes of pancreati- 
tis.’ Aggressive surgical management of pseudoeysts - 
could well diminish the frequency of life-threatening 
complications. 


Nonproprietary Name and Trademark of Drug 


Gentamicin sulfate—Garamycin. 
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Separate Pancreatic Gastrin Cell and 


Beta-Cell Adenomas 


Report of a Patient With Multiple Endocrine Adenomatosis Type 1 


J. Tom Peurifoy, MD; Luis G. Gomez, MD; James C. Thompson, MD 


* A patient initially showed symptoms of peptic ulcer disease 
in 1953 and was later found to have hypercalcemia and hyper- 
parathyroidism. Peptic ulcer symptoms persisted after parathy- 
roidectomy, and results of studies provided evidence of the 
Zollinger-Ellison syndrome. Evaluation of the patient's family 
showed a classic pattern of multiple endocrine adenomatosis 
type 1. The patient underwent total gastrectomy and excision of a 
gastrin cell adenoma in 1971 with relief of symptoms, but with 
persistent hypergastrinemia. He remained in good health until 
January 1976, when symptoms of hypoglycemia developed. 
Results of laboratory studies were compatible with the diagnosis 
of a pancreatic beta-cell adenoma. At the time of operation, an 
adenoma of the head of the pancreas was found. The tumor was 
excised; no other metastatic tumors were found. The tumor was 
compatible with a beta-cell adenoma and was found to contain 
high concentrations of insulin; there was no important amount of 
gastrin. Symptoms of hypoglycemia have entirely disappeared. 

(Arch Surg 114:956-958, 1979) 


I- cell tumors are pluripotential units capable of the 

production of one or more polypeptide hormones. These 
hormones may be produced by normal islet cells or they 
may be hormones not known to be produced by normal islet 
cells.’ Simultaneous production of insulin and gastrin, or 
of insulin, gastrin, and glucagon,’ has been demonstrated. 
Sequential production of all three different hormones from 
a single pancreatic tumor has also been demonstrated.* It 
has been shown that tumors may be composed of a 
combination of islet cell types and may seem atypical (by 
histochemical or ultrastructural examination) for the domi- 
nant hormone produced. This report is of a patient who 
had multiple endocrine adenomatosis type 1 and in whom, 
at an interval of five years, two distinctly different islet 
cell tumors developed. He has previously been described 
briefly as one of a series of patients with the Zollinger- 
Ellison syndrome.* 


REPORT OF A CASE 


The patient was a 48-year-old man who had had peptic ulcer 
disease since 1953, characterized by persistent epigastric pain 
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relieved by antacids. On his third hospital admission for upper 
gastrointestinal (GI) hemorrhage, in February 1971, ke was found 
to have a serum calcium value of 13 mg/dL, and he underwent 
excision of a parathyroid adenoma in April 1971. He was referred 
to The University of Texas Hospitals in October 1971 after his 
fourth episode of upper GI bleeding. Results of gas-ric analysis 
showed a basal acid output of 29 mEq/hr. Fasting serum gastrin 
levels ranged from 100 to 517 pg/mL. Calcium gluconate infusion 
caused a rise in the serum gastrin level from 170 to 600 pg/mL. 
Secretin challenge caused a rise in the serum gastrin level from 
309 to 45@ pg/mL. Concomitant acid secretion rose from a basal of 
6.6 mEq/hr to a maximum of 54 mEq/hr. Serum calcium level was 
9.7 mg/dL and fasting, blood glucose level was 92 mg/dL. Results 
of upper GI radiographic studies showed retained gastric fluid, 
gross irregularity of the duodenal bulb, and a 1-em entral ulcer. 
There was dilation of the small bowel with evidence cf edema of 
the smal-bowel mucosa. Skull roentgenograms were normal. 
Selective celiac and superior mesenteric arteriograms showed no 
abnormal ties. 

The patient’s family has been studied for multiple endocrine 
adenomatosis. Nine relatives have peptic ulcer disease: three with 
Zollinger-Ellison tumors and total gastrectomy, two wizh parathy- 
roid adenemas, and one with pituitary adenoma, bronzhial carci- 
noid, and adrenal hyperplasia. 

On Nov 19, 1971, the patient underwent total gastrectomy with 
Roux-en-Y esophagojejunostomy and jejunojejunostomy. Results 
of exploration of the pancreas during this operation showed a 1-cm 
encapsulated tumor in the head of the pancreas, which was 
excised. No other tumors were found. Results of microscopic 
examination showed that the excised tumor was ar islet cell 
adenoma that was compatible with a gastrin cell adenema. 

The patient did well postoperatively and returned to full 
employment. Gastrin levels during this interval ranged from 1,229 
pg/mL to 2,236 pg/mL. The patient was able to maintain his 
weight and hold a steady job. 

The patient was admitted to the University Hospitals on Dec 28, 
1976. He had had recurrent attacks of profuse sweating, zonfusion, 
and dizziness, followed by blackouts that began withou: warning 
in July 1975. He was admitted to a local hospital with a blood 
glucose level of 30 mg/dL. He had had daily episodes of a similar 
nature that he had recognized, and avoided by consuming sugar. 
He was referred to us for evaluation in October 1975, at which time 
results of multiple fasting blood glucose determinations were all 
less than 40 mg/dL, and the patient had several episodes of 
hypoglycemia that were relieved by injection or ingestion of 
glucose. Concomitant immunoreactive insulin levels ranged from 
4.3 to 85 «U/mL. A pancreatic beta-cell adenoma was suspected to 
exist and celiac and mesenteric arteriograms were performed 
without demonstration of a tumor. He refused operatior and was 
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Fig 1.—Islet cell tumor, low magnification. Fibrous capsule sepa- 


rates neoplasm from rormal surrounding pancreas (hematoxylin- 


eosin, Xx 80). 


subsequently readmit-ed in April 1976 for a trial of diazoxide, 100 
mg by mouth every eight hours, without great change in blood 
glucose level, whieh ranged from 24 to 86 mg/dL with concomitant 
insulin levels of 13 end 22 „U/mL. He refused operation and 
continued to have daily hypoglycemic episodes, controlled by 
consumptien of sugar every two hours, day and night. 

Results ef examination on this admission showed a thin, cooper- 
ative, and intelligent man with no severely abnormal physical 
findings. His height was 172.4 em and his weight was 64.8 kg. 
Results of laberatory studies of interest included the following 
values: hemoglobin, 17.8 g/dL; calcium, 8.6 mg/dL; fasting glucose, 
48 mg/dL; fasting serum gastrin, 1,947 pg/mL; fasting serum 
insulin, 5 to 15 »U/m_; and serum vitamin B,,, 508 pg/mL, which 
is normal. Celiac anc mesenteric arteriograms were performed 
again without demonstration of an abnormality. 

He requested operetion on this admission and underwent lapa- 
rotomy on Jan 12, 1977. A 2-em tumor in the uncinate process of 
the pancreas was easily located. No other pancreatic or metastatic 
neoplasms were fourd. The uncinate tumor was enucleated and 
vas found to be an encapsulated, round nodule 2 cm in diameter, 
with a yellowish-pink, focally hemorrhagic, cut surface. Results of 
microscopy showed taat a well-defined, fibrous capsule separated 
the tumor from the surrounding normal pancreas (Fig 1). The 
tumor was composec of nests and cords of round and polygonal 
cells, surrounded by "ocally hyalinized fibrovascular septa (Fig 2). 
Special stains showed both aldehyde fuchsin-positive cytoplasmic 
granules in the tumcr cells and amyloid deposition. 


The adenoma contained 30,000 »U/g of insulin (normal concen- 


tration in pancreatic tissue, 1,000 to 3,000 »U/g).’* Results of an 
assay for gastrin shewed 44 pg/g of tissue, a concentration equal 
to 2% of his serum gastrin level. Postoperatively, the patient’s 
blood glueose determinations ranged from 75 to 85 mg/dL while 
fasting, and fasting serum insulin level ranged from 10 to 12 
„U/mL. He was dissharged as cured on the 15th postoperative 
day. 

The patient was readmitted Jan 13, 1978 for follow-up evalua- 
tion. He had had nc further hypoglycemic episodes, consumed a 
regular diet withoct between-meal snacks, and maintained a 
weight of 59 kg. His “asting blood glucose level was 71 mg/dL with 
a concomitant Immunoreactive insulin level of 3.5 uU/mL. During 
a 48-hour fast, blooc glucose determinations ranged from 60 to 9 
mg/dL, with am insulin level that ranged from 0 to 3.5 U/mL. He 
was taking no mediation and was again employed full; 
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Fig 2.—Islet cell tumor. Nests and mum of islet cells with parua) 


hyalinized fibrovascular septa (hematoxylin-eosin, x 200). 


COMMENT 


Zollinger and Ellison* in 1955 presented two cases (plus a 
review of seven others in the literature) of peptic ulcer in 
association with noninsulin-secreting islet cell tumors of 
the pancreas. The cases were characterized by excessive 
gastric secretion with hyperacidity, fulminant (and at 
times atypically located) peptic ulceration, and noninsulin- 
producing islet cell tumors of the pancreas. Gregory and 
colleagues” in 1960 characterized gastrin as the hormone 
secreted by Zollinger-Ellison pancreatic tumors. Ellison 
and Wilson" established a registry in 1964 to define 
the natural history, pathophysiology, and preferred treat- 
ment of patients with the Zollinger-Ellison syndrome. In 
a 1973 review by Wilson" of nearly 1,000 patients in that 
registry, almost 60% of all tumors were found to be ma- 
lignant. Initial total gastrectomy and excision of all ob- 
vious tumor was recommended as the preferred treat- 
ment. 

The familial association of multiple endocrine gland 
tumors has been recognized since Wermer’s initial report 
was published in 1954.'* Multiple endocrine adenomatosis 
has two types, according to the organs involved. Simulta- 
neous or sequential lesions of the pituitary, parathyroid, or 
panereas, adrenal, and thyroid, and, rarely, cutaneous 
lipoma, bronchial adenoma, intestinal carcinoid, and gas- 
trie polyp that involve more than one gland but rarely 
involve all glands in one patient constitutes multiple 
endocrine adenomatosis (MEA) type 1, or Wermer's 
syndrome. Medullary carcinoma of the thyroid, pheochro- 
mocytoma, parathyroid hyperplasia, and neuromas of the 
tongue or lips constitutes MEA type 2, or Sipple's 
syndrome." 

As many as 27% of all patients with gastrin-producing 
pancreatic tumors may have associated endocrine lesions 
or MEA type 1. Four percent of all patients with MEA type 
1 with the ec syndrome have evidence that 
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details of the clinical and laboratory findings of these 
patients were not given. 

The intermittency and lack of specificity of the symp- 
toms of hypoglycemia often result in long delays in the 
diagnosis of insulin-producing tumors. ^ The most com- 
monly used diagnostie study for patients suspected to have 
pancreatic beta-cell adenoma is fasting. Fasting will cause 
a fall in blood glucose level below 30 to 35 mg/dL, usually 
initiating a typical attack within 24 hours. Concomitant 
immunoreactive insulin levels are measured, which often 
show pronounced variation in range. Ninety percent of all 
patients with pancreatic beta-cell adenoma will have either 
a relative (that is, a normal or high insulin value associated 
with hypoglycemia) or an absolute hyperinsulinemia.'5: 
Measurement of proinsulin’: and C-reactive peptide,'* sodi- 
um tolbutamide infusion," glucose tolerance test," and 
intravenous glucagon or leucine? may aid in the diagnosis 
of pancreatic beta-cell adenoma. 

Preoperative localization of pancreatic beta-cell adeno- 
mas by selective angiography is helpful and may identify 
hepatic metastatic deposits or extrapancreatic islet cell 
tumors, which usually are not suspected preoperatively.” 
Surgery is the treatment of choice in the management of 
beta-cell tumors, and enucleation is the most commonly 
performed procedure.” Resection of the distal pancreas 
and, rarely, total pancreatectomy for multiple adenoma 
may be indicated. About 85% of beta-cell tumors are benign 
and 15% are malignant. Thirty percent of all malignant 
tumors show metastasis at the time of operation. Single 
tumors were present in 83% of 951 documented cases and 
multiple tumors were present in 13%. Multiple endocrine 
adenomatosis was present in 4%. The tumors were equally 


. distributed in the head, body, and tail of the pancreas, with 


1% of all the tumors in ectopic locations, mostly in the wall 
of the duodenum, the gastrohepatic omentum, or in the 
gastrosplenic ligament.” 

Survival of patients with Zollinger-Ellison syndrome is 
adversely affected by involvement of other endocrine 
glands. Wilson'? reported a 55% survival rate among 459 
patients with Zollinger-Ellison syndrome and a 45% survi- 
val rate in 164 patients with Zollinger-Ellison syndrome 
and multiple endocrine adenomatosis. Only 2995 of all 
patients with Zollinger-Ellison syndrome whose pancreatic 
tumors produced more than one hormone survived. 
Pancreatic tumors that produced more than one hormone 
were usually malignant and resulted in poor survival rates. 
When only the parathyroids were involved, survival rates 
in the Zollinger-Ellison syndrome were not altered. 

The prognosis of the patient in the present report must 
be assessed carefully; he clearly has residual gastrin-cell 
tumor as shown by the persistently high serum gastrin 
level after total gastrectomy and excision of all known 
gastrin-cell tumor tissue. The gastrin concentration actual- 
ly rose after our first operation. The cause of this rise is 
unknown, but we have seen it repeatedly.* It is common to 
reverse hyperparathyroidism and hyperinsulinism by exci- 
sion of the respective tumors. We 
gastrin cell tumors in ten of the 18 patients in whom we 
have performed total gastrectomy for the Zollinger-Ellison 


j 
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found and excised: 
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syndrome. At present, only one of the ten patients is 
eugastrinemic. We must assume that the other nine 
patients have residual tumor. 


This study was supported in part by grant AM15241 from the National 


Institutes of Health, by grant RR00073 from the Department of Health 
Education. and Welfare, and by the John A. Hartford Foundation Inc. 
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Nonproprietary Name and Trademarks of Drug 


Diazoxid2—Hyperstat, Proglycem. 
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Renal Cell Carcinoma Occurring With 
Contralateral Adrenal Metastasis 


A Clinical and Pathological Trap 


Elliott Fouear, MD, Louis P. Dehner, MD 


e Because renal cell carcinoma occasionally occurs in mani- 
festations referable te a single metastatic lesion, there is a risk 
that a metastasis wil! be mistaken for the primary tumor. Histo- 
logic examination can compound the confusion, particularly 
when a clear ceil carcinoma o? the kidney metastasizes to an 
organ, such as lung liver, adrenal, or skin, where clear cell 
tumors may occur as primary lesions. Although advanced renal 
cell carcinoma not imfrequently involves the adrenal gland, the 
clinical and patholagic setting establishes the tumor in the 
adrenal as a metastasis. Two patients are described to illustrate 
what is to our Knowledge the heretofore undescribed occurrence 
of renal cell carcinema as a metastasis to the contralateral 
adrenal gland. 

(Arch Surg 114:953-963, 1979) 


ICT cell earcinema, because of the protean nature of its 
clinical presentation, has earned a position with 
syphilis, tuberculosis, and chronie ethanolism as one of 
medicine's great masqueraders. Only a small percent of all 
patients with rena. cell caremoma have the classic triad of 
hematuria, pain, and flank mass that indicates advanced 
disease, = althougk approximately 65% of all patients will 
have at least one cf these clinical findings.' Commonly, in 
the early stages of renal cell carcinoma, the clinical picture 
provides few clues that permit localization of disease to the 
kidney.' Metastases provide one source of atypical symp- 


Accepted for publicaton Jan 9, 1€79. 

From the Division of Surgical Fathology, Department of Laboratory 
Medicine and Pathology, University of Minnesota Medical School, Minneap- 
olis. 

Reprint requests to Department cf Pathology and Laboratory Medicine, 
University of Texas Health Sciences Center at Houston, PO Box 20708, 
Houston, TX 77025 (Dr-Foucar). 


Arch Surg—Vol 114, Aug 1979 


toms; approximately 30% of all patients have distant 
disease at the time of initial evaluation,* and not infre- 
quently the patient's first symptoms result from metastat- 
ie disease.’ A solitary distant metastasis is present in 
approximately 2% of all patients at the time they are first 
seen.’ 

Because the spectrum of histologic findings is almost as 
broad and confusing as the clinical presentation, a solitary 
metastasis diagnosed clinically as a primary tumor is 
sometimes subject to the same pathological misinterpreta- 
tion. An immediate consequence of this diagnostic trap is 
the institution of inappropriate therapy. Two patients 
were recently encountered who underwent radical adrenal- 
ectomy for presumed adrenal cortical carcinoma. Their 
tumors were later found to represent contralateral metas- | 
tases from renal cell carcinoma. 


REPORT OF CASES 


Case 1.—A 58-year-old man was admitted to a local hospital on 
Feb 26, 1975, with a three-month history of fatigue, an ll-kg 
weight loss, and vague upper abdominal pain. The results of 
physical examination were essentially normal; specifically, there 
was no evidence of feminization or of Cushing's syndrome. Results 
of laboratory evaluation showed a hemoglobin level of 10 g/dL and 
an elevated ESR (115 mm/hr). Determinations of serum and 
urinary corticosteroid levels were not performed. Intravenous 
pyelograms (IVPs), an upper gastrointestinal (GI) series, barium 
enema examination, and bone scan were normal. Examination of 
liver and bone marrow biopsy specimens showed no important 
abnormalities. The patient initially refused to undergo an explor- 
atory laparotomy, but later consented after symptoms persisted 
for another month. At the time of operation, a retroperitoneal 
tumor was discovered above the left kidney. A thorough explora- 
tion of the abdomen showed no additional disease. A left radical 
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Fig 1.—Left, Left radical nephrectomy specimen (case 1) showing mass extrinsic to kidney that represents 
neoplasm replacing adrenal. Right, Microscopically, tumor was clear cell carcinoma with tubuloglandular 
appearance. Erythrocytes were noted in tubular lumina (hematoxylin-eosin, original magnification x 150). 


adrenalectomy, splenectomy, and nephrectomy were performed. 

Gross examination showed a 7-em tumor that almost completely 
replaced the left adrenal gland (Fig 1, left). A yellow, partially 
cystic mass was noted on cut surface. Multiple tumor nodules 
measuring 3.5 x 3 x 2 cm were present in the hilar region of the 
kidney, but the kidney itself was totally free of tumor. Results of 
microscopy showed that the tumor was a clear cell carcinoma with 
focal glandular and tubular structures that contained intact 
erythrocytes (Fig 1, right). Vascularity was quite prominent. The 
renal hilar lymph nodes contained tumor with an identical histolo- 
gy. Results of microscopic examination of the left kidney were 
totally unremarkable. The interpretation of the clinical and path- 
ological data was primary nonfunctioning adrenal cortical carcino- 
ma. 

Postoperatively, the patient had persistent lethargy, and nine 
months after surgery, an IVP showed a mass in the upper pole of 
the right, solitary, kidney. Results of renal arteriography demon- 
strated a 7-cm vascular mass at the medial aspect of the upper pole 
of the right kidney (Fig 2, left). Review of the IVP obtained ten 
months previously, when the patient was first examined, 
confirmed that the study had demonstrated no abnormalities 
within the right kidney. The patient underwent a right partial 
nephrectomy (Fig 2, upper right). Exploration of the left upper 
abdomen failed to disclose any residual tumor. Microscopic exam- 
ination of the right renal tumor showed a histologic appearance 
identical to that of the tumor in the left adrenal gland (Fig 2, lower 
right). Both the right renal tumor and the left adrenal tumor 
contained abundant cytoplasmic granules that stained with PAS 
and were digestible with diastase, indicative of glycogen. 

After partial nephrectomy was performed, the patient contin- 
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ued to lose weight and in May 1976, an angiogram demonstrated 
recurrent tumor in the right upper quadrant. Results of surgical 
exploration and examination of a biopsy specimen showed clear 
cell carcinoma in the right perirenal soft tissues. The tumor 
continuec to spread and the patient died in December 1976. 
Autopsy results showed widespread renal cell carcinoma that 
involved both lungs, the liver, and the gastric wall. No tumor was 
present in the right adrenal gland, but carcinoma was found 
within both renal beds. 

Case 2.—An 80-year-old woman with a two-week history of fever 
and hematuria underwent an IVP at her local hospital. This study 
showed a "right renal mass." There was no clinical evidence of 
feminization, of masculinization, or of Cushing's syndrome. The 
patient was referred to the University Hospitals, University of 
Minnescta, Minneapolis, where extensive roentgenographic stud- 
ies were performed. Abdominal echogram showed a large, predom- 
inantly transsonic mass thought to be located in the right posterior 
lobe of tae liver. A computerized tomographic scan was also 
interpreted as showing a liver mass and, in addition, a small mass 
was noted in the lower pole of the left kidney. A second IVP 
showed a large mass overlying the upper pole of the right kidney 
(Fig 3, left). There was also a 3-cm circular defect in the lower pole 
of the left kidney (Fig 3, right). A liver scan showed an extrinsic 
mass compressing the posterior aspect of the right lobe of the 
liver. 

On Nov 24, 1976, the patient underwent a right radical nephrec- 
tomy with adrenalectomy through a thoracolumbar incision. A 
10-em hemorrhagic tumor mass was found that had almost totally 
replaced the right adrenal gland (Fig 4, left). The left kidney was 
not evaluated at the time of surgery. Histologically, the tumor in 


Renal Cell Carcinoma—Foucar & Dehner 





"ig 2.—Left, Fight renal arteriogram (case 1) demonstrating vascular mass in upper pole of kidney (arrows). Upper right, 
Jemorrhagic mass was resected from upper pole of right kidney with rim of uninvolved parenchyma. Lower right, Tubular, 
clear cell character of tumor was noted microscopically (hematoxylin-eosin, original magnification x 150). 


Fig 3.—Left, Intravenous pyelogram (IVP) (case 2) showing 14-cm mass (arrows) in region of upper pole of right kidney. 
Right, On contralatera side, IVP showed 3-cm circular defect (arrows) in lower pole of right kidney. 
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Fig 4.—Left, Right radical nephrectomy specimen (case 2) demonstrating large tumor (bisected) replacing adrenal. Upper 
right, Clear cell carcinoma with papillary and glandular pattern (hematoxylin-eosin, original magnification x 100). Lower 
right, Particulate and clumped granules (arrows) of diastase-digestible material (glycogen) noted in cytoplasm. Resicual 
adrenal cortical cells did not contain glycogen (PAS, original magnification x 150). 


the right adrenal gland was a clear cell careinoma with prominent 
glandular or tubular differentiation (Fig 4, upper right). Erythro- 
cytes were present in the lumina of many tubules. The tumor cells 
contained abundant PAS-positive granules that were digestible 
with diastase (Fig 4, lower right). There was no evidence of tumor 
in the right kidney by either gross or microscopic examination. 
The patient recovered from surgery, and 22 months after surgery, 
she was physically active and felt well. Chest roentgenogram was 
normal and there was no clinieal evidence of carcinoma. The 
patient refused further evaluation of her left kidney mass. 


COMMENT 


Our two patients, one with histologically proved renal 
cell carcinoma in the opposite kidney (case 1) and the other 
with strong presumptive roentgenographic evidence of 
renal cell carcinoma in the remaining kidney (case 2), show 
yet another clinieal and pathological trap of renal cell 
carcinoma. Despite a reasonably thorough preoperative 
evaluation of both patients and an intraoperative explora- 
tion of the abdomen in the first patient, the clinical and 
pathological features of these patients’ tumors caused 
confusion until the investigation focused on the opposite 
kidney. To the best of our knowledge, metastatic renal cell 
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carcinoma in the contralateral adrenal gland that simu- 
lated a primary neoplasm has not been previously reported 
in the literature. A survey of our files in the Division of 
Surgical Pathology, University of Minnesota, Minneapolis, 
for the past 15 years failed to disclose any similar cases. In 
contrast, ipsilateral adrenal involvement has beer reported 
to occur in 5.7% of all patients undergoing radical nephrec- 
tomy for renal cell carcinoma.* The reported frequency of 
adrenal metastasis at the time of autopsy has ranged from 
TP to 1965.5 

Our subjects illustrate all too well the “kaleidoscopic” 
natural history of renal cell carcinoma, which in 30% to 45% 
of all patients lacks signs and symptoms that point directly 
to the primary neoplasm.' Microscopic evaluation of a 
metastasis will often strongly suggest the correct diagno- 
sis, because most renal cell carcinomas and their metas- 
tases are composed to a greater or lesser degree of clear 
cells that contain generous amounts of glycogen. Difficulty 
in the microscopic recognition of metastastic renal cell 
carcinoma can occur when the tumor lacks areas of clear 
cells or has a granular-cell or sarcomatoid appearance. A 
second area of difficulty is encountered when a clear cell 
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carcinoma of the kidney metastasizes to a site where 
primary clear cel! tumors occur, such as lung, liver, skin, or 
adrenal gland. The similarity of renal carcinoma and 
adrenal cortical carcinomas was recognized long ago and, 
in fact, led to formulation by Grawitz of a theory that renal 
cell carcinoma originated from adrenal rests within the 
kidney. This theory remained viable until 1960, when 
Oberling et al* demonstrated by electron microscopy that 
the progenitor tumor cell of renal cell carcinoma was 
derived from renal proximal tubular epithelium. 

In the present cases, the overlapping features of renal 
and adrenal carcinoma as detected by microscopy contrib- 
uted to the diagnostic problem. Both neoplasms are usually 
composed of a variable mixture of clear or acidophilic to 
granular. cells, arranged in anastomosing columns or 
alveoli. However, some important differentiating features 
do exist. Papillary and/or tubular structures and the 
presence of well-fermed glands with a large lumen that 
contains RBCs and debris are common features of renal 
cell carcinoma.” This latter feature was particularly prom- 
inent in ease 1 of our study and provided the initial clue to 


the correct diagnosis on review of the material. Also, most 
adrenal cortical carcinomas demonstrate considerably 
more cytologic atypia, such as mitotic activity, nuclear 
pleomorphism, and tumor giant cells, than does the usual 
innocuous renal cell carcinoma. Cytoplasmic lipid is present 
in both tumors but the quantity of glycogen is especially 
striking in renal cell carcinoma, and this is probably the 
most reliable differential feature shown by light micros- 


studies show bilateral abnormalities, an operative 
approach that permits exploration of both kidneys and 
adrenals is indicated. The thoracolumbar incision used in 
case 2 prevented such an examination. Frozen sections or 
paraffin sections of a clear cell carcinoma within the 
adrenal gland may be difficult to interpret. These cases 
illustrate that not all nonfunctioning clear cell malignant 
neoplasms within the adrenal gland are primary in that 
location. 


Juan Rosai, MD, contributed case 1 from his consult files and helped in the 
preparation of this manuscript. | 
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In conclusion, especially when results of preoperative 





Lower Extremity Arterial 
Insufficiency After Long-term 
Methysergide Maleate Therapy 


Its Evaluation With Doppler Ultrasonic Velocity Detector 


James Apesos, MD, Roland Folse, MD 


* latrogenic ergotism is the primary source of ergot intoxica- 
tion. The patient whose case is reviewed had migraine head- 
aches and received methysergide maleate for 13 years. She had, 
in July 1977, severe claudication of the lower extremities. 
Measurements of the peripheral arterial circulation were made 
using the Doppler ultrasonic velocity detector. The extent of 
disease and subsequent reversal were documented using arteri- 
ographic examination. Initial measurements showed the patient 
was able to walk for one minute and 34 seconds on a treadmill (2 
mph, 10% grade) before stopping because of claudication. 
Symptoms cleared after drug withdrawal and repeated testing 
produced no claudication. The calculated pressure index (poste- 
rior tibial/arm pressure) increased from a mean of 0.22 to 0.74 
during the eight-month period following discontinuance of 
methysergide therapy with no recurrence of migraine head- 
aches. A review of the literature is also presented. 

(Arch Surg 114:964-967, 1979) 
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T he human ingestion of ergot alkaloids that are present 
in grains contaminated with the fungus Claviceps 
purpurea has produced epidemics of ergot intoxication 
that precate modern medicine by 2,000 years.’ Descriptions 
of the symptom complex, known as "St Anthony's Fire" 
(named for the Hospitals of St Anthony where treatment 
was mos: effective, probably because of the use of uncon- 
taminated grains in the production of bread in these 
hospitals) include extreme burning sensations in the limbs 
with associated gangrene, convulsions, and abortions. The 
use of pure grains in the production of bread and other 
foodstuffs has virtually eliminated epidemic ergot intoxi- 
cation. Teday, iatrogenic ergotism is the primary source of 
ergot intoxication as a result of therapy for migraine 
headaches. 

Methysergide maleate, a semisynthetic amine alkaloid 


Fig 1.—Left, Arteriogram shows extensive bilateral smooth 
narrowing of superficial femoral artery. Right, Enlargement of 
right popliteal artery shows abnormally high popliteal trifurcation 
with smooth narrowing of run-off vessels and no specific sites of 
arterial occlusions. 
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has been found to be effective for the treatment of 
migraine headaches. However, the use of this methylated 
derivative of methylergonovine is also associated with 
numerous clinical complications. Chronic use of methyser- 
gide in therapeutic doses can result in retroperitoneal 
fibrosis; endocardial fibrosis; and pleuropulmonary fibro- 
sis. This artiele Gescribes a patient with peripheral vascu- 
lar insufficiency of the lower extremities as a result of 
long-temm ingestion of methysergide for the treetment of 
migraine headaches. 


REPORT OF A CASE 


The patient :s a 68-year-old woman who had, in July 1377, severe 
claudieations cf the lower extremities. Since the age o 16 years, 
she had migraine headaches. Methysergide maseate was 
prescribed when sh» was 47 years old and she faithfully took 2 mg 
daily for 13 years. 

In May 1977, she :omplained of numbness on the dorsum of both 
feet and severe bilateral calf claudications after 90 m ef walking. 


Arch Surg— Vol 11«, Aug 1979 


Resting 

Arm 

Thigh 190 200 

Above knee 170 160 

Below knee 118 118 ae F. (aa 
Posterior tibial 112 100 84 æ 128 
Dorsalis sedis 100 84 art JE. 120 
Index, pesttibialearm — .80 24 .56 .€1 .85 


194 186 166 190 
176 180 175 163 
aah 160 156 VE m 140 140 
141 146 152 138 120 127 120 
138 142 148 Ks Te 128 116 
94 91 95 .93 81 88 84 


119 124 120 


All symptoms were relieved with several minutes of rest. There 
were no other associated vascular symptoms. In July 1977, physical 
examination showed palpable femoral pulses but no pulses distally. 
Dependent rubor of the toes was present. Leg pressures deter- 
mined by Doppler ultrasonic velocity detector examinations indi- 
cated bilateral superficial femoral artery and popliteal artery 
occlusions. Treadmill testing produced severe calf claudication in 
88 seconds and had to be terminated in one minute and 34 
seconds. 

The patient was admitted to the hospital, and aortofemoral 
arteriograms showed bilateral extensive narrowing of the superfi- 
cial femoral arteries and popliteal trifurcation vessels. There were 
no specific sites of complete arterial occlusions, and the arteries 
were more smoothly tapered rather than irregularly narrowed as 
seen in arteriosclerosis obliterans (Fig 1). 

Methysergide intoxication was implicated and the drug therapy 
was withdrawn in July 1977. Cyclandelate therapy was started and 
continued for three weeks; however, no benefit was apparent. The 
patient was discharged from the hospital to be followed up as an 
outpatient. 
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Fig 3.—Doppler Index after withdrawal of methysergide therapy 
(ratio of posterior tibial/arm systolic blood pressure) indicates no 
difference between right and left lower extremity. Improvement 
after exercise is seen in December and March, five and eight 
months after methysergide therapy was stopped. 










Length 


Age, yr/ of Drug 


Source, yr Sex Therapy Dosage, mg Symptoms Treatment Loss of Symptoms 
Friedman and Losin," eee A 5 days 14, total use Loss of femoral pulses Drug withheld Severa: days 
1961 and claudication 
Dalessio et al,'*^ 1961 15/M "Tu E. Loss of pulses in both Drug withheld 5 days 






Ureles and Rob," 1963 36/M 1 mo 2, three times 


a day 





Gaylis et al,'* 1964 15/F 1, three times 


a day 


3 days 


1972 







Henry et al,” 1975 61/F 














Raw and Gaylis,'^ 1976 42/F 5 days 1, a day 
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Table 2.—Cases Reported With Lower Extremity Symptoms After Use of Methysergide Maleate 
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In August 1977, the claudications improved and a right dorsalis 
pedis pulse was barely palpable. She was able to perform house- 
work without symptoms. 

In October 1977, she had minor amounts of tingling parasthesias 
of both legs at night and low back pain. She started a program of 
active bicycle exercise. By December 1977, she could walk 12 
blocks. ‘The femoral, popliteal, and dorsalis pedis pulses were 
bilaterally palpable. Repeated treadmill testing performed on Dec 
12, 1977, was tolerated for five minutes and postexercise pressures 
were only minimally reduced. 

The patient was readmitted to the hospital in March 1978, and 
repeated aortofemoral arteriograms showed a normzl caliber in 
the previously stenotic femoral and popliteal vessels (Fig 2). 
Repeated treadmill examination results continued to be normal. 
Since the discontinuance of methysergide, the patient has been 
free of migraine headaches and is currently able to ride a bicycle 
and walk without symptoms. 


RESULTS 


To date, the use of the Doppler ultrasound velocity 
detector in the initial and subsequent evaluation of ergot- 
ism has not been reported. Noninvasive measurements of 
the peripheral arterial circulation in the case reported in 
our study were determined with the use of Doppler arterial 
blood pressures taken at rest and after standard treadmill 
testing. In our laboratory, the treadmill is set at 2 mph, 
with a 12% grade, and the test is performed for five 
minutes or until claudication occurs. The degree of arterial 
disease ean thus be quantified and used to evaluate 
subsequent treatment. 
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The initial measurements performed on this patient 
showed a mean difference of "0 mm Hg of pressure in the 
posterior tibial artery, as measured with the Doppler 
detector, at rest and after maximal treadmill testing of one 
minute and 34 seconds. Five months after withdrawal of 
the drug, repeated testing produced a decrease of 35 mm 
Hg between the resting state and after treadmill testing, 
which was now tolerated for a full five minutes. When 
tested again at eight months after cessation of methyser- 
gide therapy, the mean pressure difference was only 2.0 
mm Hg (Table 1). 

Beeause of variations in systemic pressure, we have 
found the Doppler Index (rat o of posterior tibial pressure 
to highest arm pressure) to be a reliable measure of 
pretherapeutic and postthera»eutic evaluation of peripher- 
al arterial disease. Applied to this patient, the degree of 
functional recovery of the arterial flow to the lower legs 
can be seen in Fig 3. There is no substantial difference in 
the Doppier Index at five and eight months after with- 
drawal of the drug. 


COMMENT 


Arterial complications asscciated with the use of methy- 
sergide date to the initial pilct studies reported by Graham 
in 1960.° In that study, doses as much as 20 mg/day were 
given to 113 patients, resulting in symptoms of claudica- 
tion and pain in the legs of two patients. The author 
correctly advised caution in the use of this drug in patients 
with known arterial disease. 

The arteriographic findings associated with ergotism 
have been well documented in the literature. In 1972, 
Bagby and Cooper? present two cases of arterial insuffi- 
ciency in the lower extremities. A 43-year-old woman who 
was taking ergotamine tartrate for two weeks had 
complete resolution of her symptoms after drug withdraw- 
al, but ina second patient who was receiving methysergide 
for two or three years, gangrenous changes developed that 
required a Syme’s amputation. Symptoms had pregressed 
despite withdrawal of the drug and treatment with anti- 
biotics, heparin sodium, femoral artery dilations, and 
lumbar sympatheetomy. Begby and Cooper? review the 
findings of 19 authors who used angiograms to evaluate 
arterial circulation in patiemts with generalized ergotism. 

A review of the literature has uncovered nine cases of 
ergot-related arteria! disease of the lower extremity after 
the use of methysergide (Table 2). Symptoms develop in 
most patients who are sensitive to the drug within several 
days after the start of therapy for their migraine head- 
aches. The immediate withdrawal of the drug usually is 
sufficient to alleviate clirical symptoms. In eases of 
prolonged use, as described here, the reversal may take 
several months. The arteries in this patient returned to 
normal and it is unlikely -hat arterial reconstruction or 
sympathectomy will be needed. Reports also indicate that 
the use of sodium nitroprusside has been successful in the 
treatment of acute ergotism.** Nitroprusside has not been 
proved effeetive in treating chronic ergotism. 

Artemal ecmplieations associated with ergotism and, in 
particular, methysergide are certainly not limited to the 
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lower extremity. Buenger and Hunter* reported superior 
mesenteric artery stenosis associated with the use of 
methysergide. Abdominal angina has also been reported by 
Katz and Vogel.'?^ Both cases demonstrated complete rever- 
sal after withdrawing the drug. Regan and Poletti" 
presented a histologic description of vascular adventitial 
fibrosis of the small mesenteric vessels in a patient in 
whom recurrent small bowel ischemia developed two 
months after starting methysergide therapy for migraine 
headache. 

Vaseular insufficiency of the upper extremity is 
reported by Ameli et al" in a 41-year-old woman who had 
received 4 to 6 mg of methysergide for two months. 
Complete reversal of her left brachial artery occlusion was 
angiographically demonstrated after drug withdrawal. 

First marketed in April 1962, the recommended dose of 
methysergide maleate is 4 to 8 mg daily, with one month of 
abstinence every six months. The best treatment for 
vascular complications is immediate withdrawal of the 
drug. 


Nonproprietary Names and Trademarks of Drugs 


Cyclandelate—Cyclospasmol. 
Sodium nitroprusside—Nipride. 
Methysergide maleate—Sansert. 
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Brief Clinical Notes 





Perforated Appendicitis in an 


Incarcerated Inguinal Hernia 


Alfonse Serrano, MD, Norman B. Ackerman, MD, PhD 


€ Although perforated appendicitis in an incarcerated hernia 
is an uncommon condition, the clinical manifestations vary from 
relatively benign to much more serious, depending on whether 
the septic process is limited to the hernial canal and sac or if 
there is intraperitoneal contamination. The patient described in 
this report had minimal symptoms other than a slightly tender, 
irreducible inguinal hernia. He easily tolerated resection of the 
appendix and contiguous inguinal tissues, with a primary repair 
of the inguinal hernia. 

(Arch Surg 114:968, 1979) 


Ae appendicitis appearing in a hernia sac is extremely 
uncommon. Although occurrence of a gangrenous or 
perforated appendix in a hernia is even more uncommon, 
the clinical course of patients with this condition varies 
markedly, depending on whether the inflammation and 
sepsis is restricted to the hernia sac and canal or whether 
there is intraperitoneal soiling. This report concerns a 
patient with the more benign form of this disease. 


REPORT OF A CASE 


A 70-year-old man was admitted to the hospital with a two-week 
history of a mass in the right side of the groin. The patient was 
virtually asymptomatic. His temperature was 36.9 °C, pulse rate 
was 78 beats per minute, and his blood pressure was 140/80 mm 
Hg. His abdomen was soft and nontender, with normal bowel 
sounds. In the right inguinal area, the mass measured 6 x 6 em 
and was slightly tender and irreducible. His WBC count was 
10,100/cu mm, with 17 bands/100 cells. A diagnosis of incarcerated 
right inguinal hernia was made, and the right inguinal area was 
explored at operation. An inflamed, purulent mass was discovered, 
and with dissection this was identified as a perforated appendix. 
The appendix was lying entirely in the inguinal canal but the 
cecum was intraperitoneal. An appendectomy was performed 
without difficulty after enlarging the internal inguinal ring. Gross 
contamination of the peritoneal cavity was avoided. It was elected 
to remove the spermatic cord and right testicle, which were 


Accepted for publication Feb 5, 1979. 

From the Department of Surgery, State University of New York, Upstate 
Medical Center, and Veteran’s Administration Hospital, Syracuse. 

Reprint requests to Department of Surgery, State University of New 
York, Upstate Medical Center, 750 E Adams St, Syracuse, NY 13210 (Dr 
Ackerman). 


968 Arch Surg—Vol 114, Aug 1979 


included in the inflammatory mass with the appendix. The hernia 
sac was resected and the internal inguinal ring and abdominal wall 
were closed. The subcutaneous tissue and skin were left open. The 
patient was given gentamicin and cephalothin sodium (Keflin) in 
the operating room and postoperatively. The postoperative course 
was uneventful, and the wound was closed secondarily seven days 
later. The incision has healed well without signs of herniation. 


COMMENT 


An uninflamed appendix can occur in virtually any type 
of herma, either simple or incarcerated, and as part of a 
sliding hernia. All are unusual occurrences, and when the 
appendix is inflamed, the correct diagnosis of appendicitis 
in a hernia is generally not made preoperatively. 

Where perforation has occurred, if there is a contamina- 
tion of the peritoneal cavity, the patients are acutely ill and 
often have generalized peritonitis. Several deaths among 
these patients occurred in the series reported by Carey.' In 
contrast, if contamination from perforation is restricted to 
the hernia canal and sac without peritoneal soiling, the 
patients undergo a more benign course. In these patients, 
normal bowel function continues and patients may be 
minimally ill. This extraperitoneal perforated appendicitis 
manifests itself differently from any other type of appen- 
dicitis. I ness in these patients may pursue a chronic 
course. Resection of infected tissues with excision of 
appendix and a primary hernia repair can be performed 
safely. Unless adjacent intestinal tissue is acutely involved 
in the septic process, extensive resections are unnecessary. 
Survival rates of the patients with the benign course of this 
disease should be high, and further problems with the 
hernia should be uncommon. 


Nonproprietary Name and Trademark of Drug 
Cephalothin sodium—Keflin. 
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Appendicitis and 


Aortofemoral Graft Infection 


William C. Krupski, MD; Richard A. Mitchell, MD; Bruce L. Gewertz, MD; William J. Fry, MD 


€ A 59-year-old mam who underwent successful aortofemoral 
bypass hac acute appendicitis at an indeterminate time in the 
postoperative period. Thirteen months later, a pulsatile groin 
mass developed. After a complicated course, it was found that 
infection frem appendicitis had extended to the body of the graft. 
This unusual cause of graft infection reaffirms the importance of 
careful closure of the retroperitoneum over an aortic anastomo- 
sis and suggests a relationship of other intra-abdominal inflam- 
matory processes to graft infection. 

(Arch Surg 114:968, 1979) 


he incidence of infection of vascular prostheses varies 

widely and death rates are high. Inguinal skin is a 
common source of infection, although gastrointestinal (GI) 
and genitourinary flora have also been implicated as 
contaminants. ?^ The role of subsequent intra-abdominal 
inflammatory disease in the development of graft infec- 
tion is an important consideration since the age group 
undergoing revascularization has a high incidence of such 
maladies. To our knowledge, we report the first case of 
aortofemoral graft infection secondary to acute appendici- 
tis. 


REPORT OF A CASE 


In November 1975, a 59-year-old man with a long history of 
severe peripheral vascular and atherosclerotic heart disease under- 
went an aortofemoral bypass in which a knitted double-velour 
Dacren graft was used. Cephalothin sodium was administered 
intravenously both preoperatively and postoperatively. No impor- 
tant complications were encountered, and the patient noted relief 
of claudication. 

In January 1977, 18 months after operation, a mildly tender, 
pulsatile-mass deyeloped in the right groin. A vigorous diagnostic 
evaluation was undertaken, including arteriography that showed a 
patent graft with mo pseudoaneurysm. Sonography demonstrated 
a eystic, well-circumscribed mass in close approximation to the 
graft. Aspiration ef the mass under sterile conditions yielded 
clear, sterile, straw-colored fluid. 


The mass recurred on three subsequent occasions. In September 


1977, the patient was admitted to the Dallas Veterans Administra- 
tion Hospital He was afebrile and in no distress. A 3x5-cm 
pulsatile mass was found in the right groin at the inguinal 
ligament; there was no associated lymphadenopathy. The remain- 
der of the physical examination was unremarkable. Laboratory 
findings included a normal WBC count and sedimentation rate. 

The right inguinal region was explored surgically. Clear, straw- 
colored fluid filled a well-developed cavity that extended to the 
graft material above the inguinal ligament. The graft seemed 
otherwise well incerporated, and no organisms appeared on Gram 
stain of the fluid. 

Postoperatively the patient had a low-grade fever and leukocy- 
tosis. Staphylococeus epidermidis grew from subsequent cultures, 
confirming the diagnosis of graft infection. The patient under- 
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went diagnostic celiotomy. Extension of the infection above the 
inguinal ligament prohibited the preferred suprainguinal-retro- 
peritoneal approach to the graft. 

At operation, a retroperitoneal appendix was found intimately 
adhered to the graft and the retroperitoneal closure. Appendicitis 
in both acute and chronic phases was evident. Purulent, foul- 
smelling material surrounded the entire length of the graft and 
extended into both groins. All three suture lines were involved. 

Appendectomy was performed and the entire end-to-side graft 
was removed. The defect in the aorta was closed with monofila- 
ment suture, and vein angioplasties were performed on the 
femoral arteries, reconstituting flow through the diseased aorta. 
Although the patient’s left lower extremity became progressively 
more ischemic, a myocardial infarction in the immediate postoper- 
ative period prohibited revascularization. A left below-the-knee 


amputation and left hip disarticulation were necessitated by an 


aggressive enterococcal infection. The patient suffered cardiac, 
pulmonary, and renal failure and he died on Nov 9, 1977. 


COMMENT 


Our patient’s outcome is unfortunately common after 
infection of aortic suture lines. For this reason, prevention 
of graft infection remains a foremost concern of vascular 
surgeons. Infections with Escherichia coli, bacteroides, 
and other enteric organisms are associated with incidental 
GI procedures performed at the time of aortic graft 
placement. Goldstone and Moore’ have described two graft 
infections in patients who underwent incidental appendec- 
tomy coincident with revascularization. Many investiga- 
tions have demonstrated that transient bacteremia shortly 
after graft placement is likely to result in a clinically 
important infection. The resistance of a prosthesis to the 
direct bacterial invasion associated with intraperitoneal 
sepsis has not been so clearly defined. Certainly, early 
aggressive treatment of intra-abdominal infections in 
patients with aortic prostheses seems warranted. 

This case illustrates the importance of noting the posi- 
tion of the appendix when performing peritoneal closure. A 
retroperitoneal appendix can be easily included in the 
closure, contributing to the incidence and greatly increas- 
ing the later morbidity of acute appendicitis. The direct 
extension of intraperitoneal infection to an aortic graft is 
an unusual but life-threatening complication. Prevention 
of such occurrences depends on the surgeon’s awareness of 
potential inflammatory diseases and meticulous coverage 
of the retroperitoneal graft with viable tissue. 


Nonproprietary Name and Trademark of Drug 
Cephalothin sodium—Keflin. 
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The Surgical Work Day in the 


British Isles 


some Observations From a Small Sample Studied in Depth 


Andrew J. Doorey, MD 


e The daily activities of nine surgeons in the British Isles, 
representing a variety of practice settings, were observed. British 
surgeons had a mean total workweek of 45.8 hours, of which 34.5 
hours were expended in professional activities. American 
community surgeons, as reported in the literature, had an 
analogous professional workweek of 28.7 hours, and American 
prepaid group surgeons, 50.7 hours. The American community 
surgeons performed many fewer operations, but the American 
prepaid group surgeons had operative loads similar to those of 
the British, although with a much greater time expenditure. 
Superior organization of British operating rooms in "lists," the 
designation of certain operating days each week, a more rapid 
anesthesia induction and case turnover, all aided more rapid 
completion of a number of sequential surgical operations. Non- 
operative professional time expended per patient was less for the 
British group than any of the reported American groups. 

(Arch Surg 114:970-976, 1979) 


he practice of medicine in the United States involves a 

larger total population of physicians and a larger 
distributional ratio of surgeons than it does in the United 
Kingdom. There are 39 physicians carrying out surgical 
operations per 100,000 people in the United States, and 
only 18 per 100,000 in the United Kingdom.' There seems to 
be a much larger number of operations carried out per unit 
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of population in the United States than in Great Britain.’ 
One study stated that approximately 7,400 major opera- 
tions were carried out per 100,000 population in tre United 
States annually, whereas in England and Wales, the anal- 
ogous figure is 3,770 per 100,000. In that stucy, seven 
common eperative procedures were studied individually. 
Four of these were carried out at much higher frequencies 
in the Un:ted States, with an especially large disparity for 
those procedures deemed "elective" or "discretior ary." 

The practice habits of two groups of surgeons in the 
United States have been reported, one group in private 
practice in the community and the other engaged in a 
prepaid group practice. In these different practice 
settings, it was found that operative loads varied from 3.1 
to 9.2 hernia equivalents (HEs) per week. The recent 
National Surgical Study (SOSSUS) has added new quanti- 
tative data, in both average performance rates :n three 
geographic areas of the country as well as individual 
log-diary reports from approximately 7,000 physicians 
carrying out surgical operations, approximately tw» thirds 
of whom were career surgeons with credentials of full 
postgraduate education. 

All the data available at this time suggest that the 
British surgeon is more productive (ie, performs more 
operations per year and more operations per unit »f total 
time expenditure) than is his American counterpart, 
whereas the United States population is served bv many 
more persons per capita performing surgical operations. 
Many American surgeons, however, lack adequate training 
credentials, in contrast with the fully credentia:ed (ie, 
Royal Colleze) status of approximately 96% of all British 
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surgeons. The percentage of all physicians engaged in 
full-time surgery who at the same time are certified by 
their appropriate American Board has been reported in 
detail in the SOSSUS study.* Not counting the residents in 
training, approximately 65% of all American surgeons have 
the board credentials, with wide variability between 
specialties and between urban and rural areas. The Amer- 
ican population as a whole is treated by a mixture of 
medical modalities involving a larger number of operations 
per unit of population per year than is the case in Great 
Britain.'* 

The work habits of a small number of British surgeons 
were delineated by direct observation. Although the group 
selected was small and intentionally varied in background, 
it is approximately tne same size as the groups used in the 
American studies of Hughes et al‘ and Watkins et al^ 


SUBJECTS AND METHOD 


Thirty surgeons in the British Isles (Great Britain and the 
Republic of Ireland) were contacted by mail and informed of the 
nature and depth of the study. They were asked to recommend 
surgeons who might be available to participate. Nine surgeons 
were chosen to provide geographical and professional diversity; 
they were eontacted and informed of the work, as well as of the 
selection of the week that the observer, an American second-year 
medica! student, would be visiting. The observer then joined the 
surgeon on.a Monday morning. A brief description of the mechan- 
ics of the study was provided and an account of the surgeon’s 
professional time of the previous weekend was recorded. The 
observer was then present throughout the surgeon’s professional 
activities until noon on the following Saturday, rarely limited by 
patient-physieiam confidentiality. Any professional work done 
later that day, after the observer had left, was recorded, including 
evening emergencies, on which occasion the surgeon was provided 
the means to contact the observer. 

Time expenditure was assigned to one of 23 possible activity- 
categories, ramging from time spent in surgery to time spent at 
meals. The starting time, location, duration, and nature of each 
separate act was recerded. Daily and weekly records were main- 
tained. 

"The activities of each surgeon were tabulated in four different 
categories: observed professional time," "observed total time 
expended,” “professional time of the total workweek,” and “total 
workweek.” Observed professional time included all activities 
judged to be of a prefessional nature. Observed total time is the 
total number of hours expended from the initiation of professional 
work in the merning to the cessation of that work at the end of the 
day, including nonprofessional time expenditure during those 
hours. Direct patiemt care is defined as professional activity 
performed in the presence of a patient. 

Professional time in the total workweek included not only the 
observed professional time, but that reported for weekends and 
evenings. The total workweek, by analogy, included the observed 
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total time of the workweek, both professional and nonprofessional 
time expenditure. 


Participants 


Surgeon 1 was the Professor and head of a surgical unit in a 
London teaching hospital who performed all of his work within the 
National Health Service (NHS). He combined surgery at the 
hospital with research, participation in advisory and editorial 
roles, as well as teaching. Qualified in 1947, he was 56 years of 
age. | 

Surgeon 2 was a general consultant, combining NHS work with 
a busy private practice in Buckinghamshire. He worked in two 
NHS hospitals as well as caring for private patients in his nursing 
home (private hospital). He spent one morning a week giving 
clinical instruction and three sessions a week in private practice. A 
session, the unit of time in the NHS, is counted as one morning or 
one afternoon. Qualified in 1950, he was 53 years of age. 

Surgeon 3 was a surgical consultant with research interests, 
combining NHS work at two Midland hospitals with a private 
practice. Although varying amounts of time were spent in 
research, three sessions per week were in private practice. Quali- 
fied in 1959, he was 44 years of age. 

Surgeon 4 was a general surgical consultant in Dublin who cared 
for patients in four hospitals within the government health 
program and in private practice. Private office hours consumed 
two afternoons a week, with the corresponding private surgery 
combined with the government work in operating sessions. Qual- 
ified in 1961, he was 41 years of age. 

Surgeon 5 was a lecturer in surgery at a teaching hospital in 
southern Ireland who taught and conducted his surgery and 
research in one hospital complex. He had no private practice. 
Qualified in 1957, he was 45 years of age. 

Surgeon 6 was a senior registrar in surgery at two Glasgow 
hospitals who worked only in the NHS as teacher, researcher, and 
surgeon. À senior registrar for two years at the time of the study, 
he qualified in 1963 and was 39 years of age. 

Surgeon 7 was a senior lecturer in orthopedics at a medical 
school in Scotland who practiced and taught at two large NHS 
hospitals. Research also occupied a substantial portion of his time, 
as did lectures at the medical school. Although he was observed 
during the summer and graduate teaching was nil, his workweek 
during the academic year would be expanded about six hours by 
various academic responsibilities (teaching, administration, clini- 
cal exercises, etc). Qualified in 1959, he was 43 years of age. 

Surgeon 8 was a consultant urologic surgeon in Edinburgh who 
eared for patients at one hospital only. All of his work was under 
the NHS, including a specialty clinic and research in an area of 
interest within his specialty. Qualified in 1958, he was 44 years of 
age. 

Surgeon 9 was a consultant surgeon in an NHS hospital in 
Northumbria who cared for patients in that hospital as well as 
spending one day a week in a nearby community hospital. He 
performed weekly surgery as well as conducting a clinic. He also 
administered the clinical placement and teaching of medical 
students. Qualified in 1949, he was 53 years of age. 





Table 1.—Time Expenditures of Individual Surgeons (Hours) 


Observed professiena! time 
Observed total time 


Surgeon 
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RESULTS 


The total amount of working time observed in 5!é days 
ranged from 32.7 to 59.8 hours, with a mean of 45.8 hours 
(Table 1). The total workweek, which included evening and 
weekend time expenditures, ranged from 32.7 to 79.5 hours, 
with a mean of 52.9 hours. The surgeons were seen to 
expend a mean of 34.5 hr/wk in professional activities. 
This category included administrative and educational 
activities as well as patient care. This amounted to about 
75% of the total workweek, indicating that 25% of observed 
working time was expended in nonprofessional activities. 
This category included travel, meals, waiting, tea breaks, 
and other personal time, and ranged from 13% to 39% of 
total time. . 

The amount of time spent in direct care, defined as 
professional work performed in the presence of the 
patient, ranged from 15.5 to 26.5 hr/wk, with a mean of 
18.8 hours or about 33% of total time. Nonoperative direct 
patient care consumed 5.0 to 14.8 hours, with a mean of 9.7 
hours. Weekly time expenditures follow. 


Activity Mean Hours 
per Week 
Office 
Direct patient care 1.8 
Indirect patient care 1.1 
Administration 2.0 
Waiting 0.3 
Personal 0.2 
Hospital rounds 
Direct patient care 4.9 
Indirect patient care 2.4 
Internal travel 0.4 
Operative time 
Chief surgeon 7.8 
Assistant surgeon 0.05 
Ambulatory surgery 1.4 
Waiting 1.4 
Other 
Other direct care 3.0 
Other indirect care 3.9 
Other administration 5.5 
“Pure” teaching 0.4 
Meals 5.0 
External travel 2.3 
Personal 1.7 
Miscellaneous 0.1 
Observer 0.1 


Time spent performing major surgical procedures in the 
operating room ranged from 3.7 to 14.3 hours, with a mean 
of 9.2 hours, or about 12% of total time. The number of 
major operations performed by each surgeon was also 
recorded. The range of operations performed per week was 
four to 15, with a mean of 8.8 operations per week. Since 
most consultant surgeons in the NHS receive six weeks of 
vacation per year, it is reasonable to assume a work year of 
46 weeks. Thus, the estimated number of operations 
performed annually by these nine surgeons ranged from 
184 to 690, with a mean of 404. 


The variation in the number of operations performed per _ 


week did not result from variability in the number per 
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sessior. All surgeons performed between 2.0 and 3.0 oper- 
ations per session, all sessions averaged. Rather, the 
weekly variation was based on differences in the number 
of sess ons per week, ranging from one to five, with a mean 
of 3.1. The actual (checked) time between consecutive 
operations during sessions was found to average 17.8 
minutes (SD = + 10.6). 

Many comments were made by British surgeons about 
the early morning hours kept by their counterparts in the 
United States. To provide some objectivity to any such 
comparison, the time at which each surgeon »egan each 
observed working day was recorded. On 49 obs2rved days, 
the majority of "starts" were between 8:30 and 10 AM, each 
half hour witnessing approximately 12 starts. Fight of the 
starts were prior to 8:30 AM and two were afte- 10 AM. 


COMMENT 


Direct-observer studies of professional time use are 
limited in scope because they are of thems»lves time 
consuming. Such direct-observer studies, while limited in 


Table 2.—Comparison of British and American Data 
on Total Work Time 


Observed Total 
Total Time, Work Time, 
Professional Otserved 

Plus Plus 
Nonprofessional, hr Reported, hr 


British surgeons 
(present report) 

New Yerk community 
surgeons’ 

New York prepaid 
surgeons’ 


GY 


SN 
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British, US 
N=9 Community? Pre daid> 


Surgeons 
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Fig 2.—Total professional time 
expenditure per week. 
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Study? 
Surgeons 





number, provide ar in-depth sample of what the physician 
does with his time, which is considerably more tiorough 
than the data ga-hered from a questionnaire or from 
studies of large populations. This study was based on direct 
observation of the practice habits of nine British surgeons. 
Such a small and varied sample precludes any sweeping or 
. statistica conclusion. The sample is varied because it was 
our plan tc determine if geographical or. pro-essional 
variability introduced large differences. 

The most valid comparison to provide a contrast with 
these data is the information based on two American 
studies'- that weve derived from personal observation of 
the work of 14 and seven surgeons, respectively. With these 
comparatively small samples studied in-depth, direct 
comparison with the data from the British surgeons is 
justified. In addition, background for comparative data is 
provided from other surgical studies, particularly those 
undertaxen by the National Surgical Study of the Ameri- 
can Surgical Association and the American College of 
Surgeons (SOSSLS), which should help to place the British 
data im perspect.ve. The SOSSUS information on work 
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loads amd werkweeks was gathered during the period of - US 
1971 to 1974 rom a national surgical questionnaire sent to Community’ Prepaid’ 
10,232 paysicians of whom 9,625 could be reached by mail. 

Of these, 6,198 (75.8%) returned their questionnaires. Of Surgeons 


those returming -he questionnaire, 5,453 provided detailed 
log-diary in^ormation on weekly and hourly time expendi- | 
ture." Clearly, such an impressive sampling number 








cannot be compered directly with the small studies, either Fig 3.—Total rounds time per week. | 
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of Britain, or of the United States.*^ A simple statement of 
the contrasting information is of interest, as follows. 


Workweek 


The British surgeons had a mean total workweek that 
was intermediate of two workweeks reported for two 
distinct American surgical populations by Hughes et al and 
Watkins et al** (Table 2). Based on direct observation, the 
amount of time expended on professional activities 
(observed professional time) was similarly intermediate 
(Fig 1) as was the total professional time (observed and 
reported) (Fig 2). | 

The various subcategories of total workweek (profes- 
sional work, operative time, direct and indirect patient 
care, administrative and educational time) were also inter- 
mediate of two American groups mentioned previously 
(Fig 3, 4, Table 3). 

The differences in surgical productivity are similarly 
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Total direct care, nonoperative 9.7 
Operating theater time 

Nonoperative patient care 
Administrative time 
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British Surgeons Community Surgeons Prepaid Surgeons Surgeons 
Total rounds time 7.3 3.2 14.5 In. 
Rounds time, direct care only 4.9 1.9 8.2 T 





intermediate. The British surgeons performed an average 
of 404 major operations per year, as extrapolated from the 
observed weeks. The US community surgeons reported 150 
HEs per year, whereas the prepaid surgeons did approxi- 
mately 437 HEs per year. The HE unit, devised by Hughes, 
represents a California relative value rating of 9. Compar- 
ison of HEs per year with total major operations per year 
naturally shows some variability according to the field of 
practice. All of the surgeons of the British group studied 
carriec out practices in which the rating of 1 HE would be 
at leas: an approximation of their "usual" operation. And 
yet, despite the roughly equal annual operative work loads, 
the US surgeons performing prepaid group work spent 
more time in professional activities than did their British 
counterparts. 

The term “productivity,” as applying solely to the 
number of operations carried out by a surgeon, is offensive 
to some. The social productivity of a surgeon is to be 












Fig 4.—Total nonoperative pa- 
tient care per week. 
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measured in his total contribution to the care of the sick. 
This includes many nensurgical modalities of care, includ- 
ing diagnosis, emergency coverage, the care of trauma, 
nonoperative management and consultation, and follow- 
up. As used here, the term productivity is used merely in its 
narrow economic semse, as referring to the number of 
operations performec, granting the clear limitation of such 
a term. Judgments o^ social productivity or "net worth to 
the system" or "tota? contribution to the care of the sick," 
measured per surgeon or per hour of a surgeon's time, 
would be soft judgments on which our data cast no strong 
light, either as basec on this study or on a review of prior 
studies carried out in the United States or Great Britain. 

In the SOSSUS study, based on the questionnaire, 
board-certified gene-al surgeons reported a mean of 46.7 
hours of total professional time expended per week, slight- 
ly greater than the analogous British value of 41.5 hours. 
Definitive explanation for these differences in profession- 
al workweek end apparent differences in efficiency cannot 
be made from such a small sample. 


Work Routine 


The Britisk surgeons spent less time in daily rounds, 
direct patient care, and nonoperative patient care than did: 
the US surgeons in the prepaid groups. In Great Britain, 
warés are commonly set up to house all the patients of one 
surgeon, par-ieulady in NHS hospitals. This makes for 
greater efficiency aad may account for the smaller amount 
of time spent on ward rounds. 

The US commun ty surgeons have a low operative work 
load, and ther reperted workweek shows more time expen- 
diture per surgica. patient, much higher than the other 
groups considered here. This lesser efficiency may again 
have to de with geographical distribution of patients. 

The relative time spent in patient care activity of the US 
surgeons in prepa:d group practice, when compared with 
their British counterparts, is of interest because they have 
approximately equal weekly or annual operative work 
loads. The British surgeons spend less time in patient care. 
This may be due te the virtual universality of postgraduate 
teaching ir NHS hospitals in Britain. Almost every 
medium-sized hospital has a number of postgraduate 
"house men” (regstrars), and all of the larger regional or 
central hospitals have postgraduate training. These physi- 
cians can assume a substantial amount of surgical patient- 
care routine. Suck trainees are clearly not involved in many 
private surgical hospitals and patient care settings in the 
United States. 

In addition, the expectation of patients in the United 
States seems to be for physicians to spend more time 
during rounds aad performing other direct patient-care 
duties. It was my impression that British surgical patients 
were much less demanding of their surgeons for such 
personal t*me expenditure than their Americam counter- 

parts. 

The total patient-care time, direct and indirect, can be 
related to the number of operations carried out per week. 
This ratio may be meaningful, even though it does not have 
a direct-care component. Using this ratio, it seems that 
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British surgeons expend approximately 1.94 hours of non- 
operative care per patient operated on, whereas American 
community and prepaid group surgeons spend 3.08 and 3.64 
hours, respectively, per patient operated on. This is clearly 
a point of greater efficiency in the British system. 

The US community surgeons expended more nonopera- 
tive care time, but at the same time were less busy in the 
operating room. This ratio of operative and nonsurgical 
direct patient-care time also expresses office time. The 
private practice office setting is much more time-intensive 
than is the ambulatory clinic setting in the NHS, where 
many patients are seen in rapid sequence, often with very 
efficient nursing assistance. Again, there may be a differ- 
ence in British public expectation of the nature of NHS as 
against US public expectation of private-practice services. 
The greater efficiency of ambulatory care in the highly 
organized governmental system such as the NHS has been 
mentioned as a factor favoring efficiency in British surgi- 
cal practice. 

The carrying out of assigned "lists" in the surgical 
sessions appears to most American observers to be an 
increased point of efficiency in Britain, and the lesser time 
expended between operations in Great Britain as 
compared with most US hospitals would substantiate this 
view. There are many aspects of the British list that are 
important. First, the surgeon is assigned one or two rooms 
and he uses them without interruption or diffieulties in 
scheduling throughout his list. As fast as he can do the 
work properly, it is performed with a competent staff. In 
many American hospitals, such assignment of rooms is 
difficult or rare and the surgeon is frequently shopping for 
an opening even as late as noon or early afternoon of his 
supposed operating day. 

Other aspects of the British list that favor efficiency are 
reliability of the nursing personnel, dating and scheduling 
of the list far in advance, and the habit of inducing 
anesthesia in the next patient while the first patient's 
incision is being closed. In many American situations, the 
anesthesia departments do not like this practice because of 
the slight hazard involved in moving an anesthetized 
patient. Many US surgeons who have visited their 
colleagues in British hospitals have commented on the fact 
that aseptic technique, the routine involved in maintaining 
a sterile field, is accomplished with less stringent and 
time-consuming controls in Great Britain than in the 
United States. We have no data here to cast any light on 
this assertion or on any difference in incidence of wound 
infection that might result from such methodological 
differences were they to be established. But whatever the 
outcomes, the maintenance of a simpler routine in the 
operating room, as appears to be the case in Great Britain, 
clearly seems to be a factor speeding up surgical work each 
day. 

The advanced scheduling of these surgical sessions 
enables the surgeon to interdigitate cases so that the 
technique and operative time is adapted to the total 
schedule. Even in the American prepaid group practice, the 
surgeon spends more time in the operating theater despite 
equivalent operative loads, indicating a gross difference in 
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operative efficiency. In addition, each British patient has 
been screened by à generalist or family practitioner and 
has a considerable diagnostie workup completed before the 
surgeon is consulted, allowing the surgeons to concentrate 
more efficiently on the preoperative, intraoperative, and 
postoperative care. 


Administrative Routine 


In our data, the British Surgeons seemed to spend 
substantially more time in administrative functions than 
did their American counterparts. It is not clear whether 
this is due to the bulky bureaucracy of the NHS or to the 
faet that the NHS demands additional data from the 
surgeon, such as that involved with their epidemiologic 
programs. Some British surgeons will assert that their 
bureaucracy is more of a hindrance than a help in admin- 
istrative efficiency. 

From the SOSSUS study emerged both a clear percep- 
tion and an initial enumeration of those many physicians 
carrying out surgical operations who do not have the public 
surgical credentials of board certification, national associa- 
tion membership, etc. Of the approximately 80,000 persons 
carrying out surgical operations in the United States in 
1974 (exclusive of resident staff), some 30,000 perform 
operations from such a noncredentialed base. Some of 
these may have been represented in the study by Hughes 
et al* The activities of some were outlined because of 
inclusion in the questionnaire study published by Hauck.’ 
Their numbers are outlined in the Manpower Summaries 
by Moore and the Manpower Committee of SOSSUS’ and 
by Nickerson et al.’ 

This group of surgeons simply has no counterpart in 
Great Britain. Essentially all the major surgery carried out 
in Great Britain is performed by consultants who possess 
Fellowship in one of the five Royal Colleges of Surgeons on 
the basis of examination and are approved at Consultant 
Status in the NHS or as Registrars in Training. 

Regional and district hospitals as organized under the 
NHS are usually multidepartmental, regional in character, 
and part of a national network. Although there are some 
small hospitals in Great Britain, there is no group analo- 
gous to the approximately 2,500 hospitals in the United 
States that are too small to be surveyed for accreditation 
by the Joint Commission on the Accreditation of Hospitals, 
that are devoid of any formal organizational pattern, and 
that are frequently the site of much elective major 
surgery. 

To be certain of appropriate grounds for making the 
foregoing judgments about the general lack of small 
independent or private hospitals and large volumes of 
surgery by noncredentialed surgeons, these statements 
themselves have been checked with several of the surgeons 
in the present study whose knowledge of British surgery is 
extensive. Without drawing any conclusions concerning 
the quality of surgical work, the fact remains that the 
centralization of surgery in Great Britain places the 
responsibility in a relatively few hands. The advance 
planning of lists and surgical sessions, so important in the 
British surgical week, is clearly favored by this centraliza- 
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tion. At the same time, the existence of long waiting lists 
for patients and difficulty in obtaining certain types of 
elective surgical operation under the N HS in Grest Britain 
(knee ligament repair, herniorraphy, hemorrhoidectomy, 
etc) may also be traceable to this trend toward centraliza- 
tion. It is probably the single most noticeable contrast 
between British and American surgery. 


This investigation was supported by Work-Study grant No. AR-13646- 
3007 from the Department of Health, Education, and Welfare and a grant 
from the Josiah Macy Jr Foundation. 

Francis D. Moore, MD, arranged contacts and provided guidance for all 
aspects of the study. Bernard S. Bloom, PhD, and Walter Hauck, PhD, 
Department of Preventive Medicine, Harvard Medical School. provided 
technical and statistical assistance. Jack Cole, MD, provided surgical 
contacts-and gave orientation and guidance in Britain. 
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Invited Editorial Comment 


Dr Doovey’s direct observations of the six-day workweek of nine 
British surgeons confirms the impression of most visitors to the 
United Kingdom that surgeons there operate faster, lose less time 
between operations, and have less personal contact with their 
patients than their American counterparts. However, as the 
author himself states, it is impossible to compare these observa- 
tions directly with data from the study of surgical services in the 
United States by the American Surgical Association and the 
American College of Surgeons. The samples are quite different, 
and an adequate evaluation of time spent in the care of emergency 
cases is net included. At most emergency units in the United 
Kingdom, surgical care is provided by the registrars, and, except 
for the teaehing hospitals, there is great variation in the quality of 
care. In the United States, on the other hand, in community 
hospitals emergency surgery is primarily provided by the staff 
and in university hospitals by residents under close supervision. 

The quality of care overall is essentially the same in England 
and the United States, but patients here expect more and receive 
more personal attention from their surgeons. Also, closer coopera- 
tion between anesthesiologists and surgeons in the United States 
could reduee time lost between cases, with a corresponding 
decrease in eost. Dr Doorey is to be complimented for providing us 
with a well-vritten study of how surgeons spend their time in the 
British Isles. 

J. ENGLEBERT DUNPHY, MD 
San Francisco 


Surgical Work Day—Doorey 


Calendar of Events 





1979 


September 


American Associat. om of Obstetricians & Gyne- 
cologists, Sept 5«8, The Homestead, Hot 
Springs, Va. For n*ormation contact Secreta- 
ry, Dr E. L. Makcwski, 4200 E Ninth Ave, 
Denver, CO 80220. 

Second Biennial Lezdbetter Symposium, ‘‘Sex- 
ual Dysfunction aed Reproductive Biology," 
Sept 6-8, University of Minnesota. For informa- 
tion contact"U of Minnesota Continuing Medi- 
cal Education, Bo» 293 Mayo Memorial Bldg, 
Minneapolis. MN 55455. 

American Associatien for the Surgery of Trau- 
ma, Sept 13-15, D-ake Hctel, Chicago. 

Symposium on Vascular Surgery, Sept 24-26, 
1979 The Fairmont Hotel, Denver. Contact 
office of Postcreduate Medical Education, 
University of Colerado School of Medicine, 
4200 E Ninth Ave. Denver, CO 802€2. 


October 


Association of M litary Surgeons of the US, Oct 
2-6, San Diego. For information contact Exec 
Dir W. Welham, MC USN Ret, PO Box 104, 
10605 Concorc St, Kensington, MD 20795. 

American Academy of Otolaryngology, Oct 7-11, 
Convention Censer, Dallas. Exec VP: C. M. 
Kos, MD, 15 Second St SW, Rochester, MN 
55901. 


American Society for Plastic and Reconstruc- 
tive Surgery, Oct 7-12, Toronto. Contact 
ASPRS Executive Office, 29 E Madison, Suite 
800, Chicago, IL 60602. 

Topics in Gastroenterology and Liver Disease: 
Medical and Surgical Aspects, Oct 11-13, 
1979, The Johns Hopkins Medical Institutions, 
Baltimore, MD. Contact Office of Continuing 
Education, Rm 22, 720 Rutland Ave, Balti- 
more, MD 21205. 

American Society of Anesthesiologists, San 
Francisco, Oct 20-24. Contact the executive 
secretary, J. W. Andes, 515 Busse Hwy, Park 
Ridge, IL 60068. 

American College of Surgeons, Oct 22-26, 
Chicago. Contact Edwin Gerrish, MD, ACS, 55 
E Erie St, Chicago, IL 60611. 


November 


American College of Chest Physicians, Nov 4-8, 
Houston. Contact ACCP, 9* 1 Busse Hwy, Park 
Ridge, IL 60068 

Symposium: The Biology and Management of 
Surgical Wounds, Nov 8-9, 1979, New York 
Hospital-Cornell Medical Center, New York. 
Contact Peter Dineen, MD, Department of 
Surgery, New York Hospital-Cornell Medical 
Center, 1300 York Ave, New York, NY 10021. 

Western Surgical Association, Nov 11-14, The 
Broadmoor, Colorado Springs, Colo. Contact 
Secretary Paul Hodgson, MD, University of 
Nebraska, Omaha, NE 68705. 

Association for Academic Surgery, Nov 13-15, 
Bond Court Hotel, Cleveland. For information 
contact Secretary, E. Sugarbaker, MD, Univer- 
sity of Miami School of Medicine, PO Box 
016310, Miami, FL 33101. 





News and 
Announcements 


News and Arnouncements: The Edi- 
tor will be pleased to receive for publi- 
cation brief notices of meetings, semi- 
nars, or-symposia which are of inter- 
est to the readers of the Archives. News 
items cf apoointments, promotions 
and developments in the field of 
surgery and related disciplines are 
invited. 


Dr Frank M. Cochems Competition.— 
The Univers ty of Colorado School of 


Medicine announces the 15th annual. 
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Cochems Competition. A prize of 
$2,500 will be awarded to the author of 
the best paper concerning "throm- 
bophlebitis and basie vascular prob- 
lems." It should be concerned with the 
mechanisms or processes of vascular 
disease, particularly thrombosis, but 
not restricted to it. Eligibility is 
limited to physicians subject to US 
income tax regulations. Entries must 
be received in triplicate on or before 
Nov 30, 1979. Inquiries regarding the 
competition and all manuscripts 
should be submitted to the Dean, 
School of Medicine, University of 
Colorado Medical Center, 4200 East 
Ninth Ave +#C-290, Denver, CO 
80262. 
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If you 
order blood 
you need... 
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DOE CEL IL OP LOE reese 


The 1977 edition of General Prin- 
ciples of Blood Transfusion is 
available from the American Medical 
Association. Completely revised and 
updated, this exceptional overview 
brings you the best of informed opin- 
ion and experience in the field of 
transfusion. 


Among the topics listed in the 
table of contents are: 


e Responsibility of the Clinician 
in the Transfusion Service 

e Clinical Indications for the Use 

of Red Cell Concentrates 

Management of Shock 

Massive Transfusions 

Autotransfusions 

Management of Hemorrhagic 

Diseases 


General Principles of Blood Transfu- 
sion is the only book of its type. If you 
order blood or blood components for 
your patients, you need this 
authoritative text. Use the coupon to 
order your copy today! $3.00 


Order Department OP-267 S/J 
American Medical Association 

P.O. Box 821 

Monroe, WI 53566 


Please send copy(ies) of General 
Principles of Blood Transfusion, OP-267, 
at $3.00 each. Allow 4-5 weeks for delivery. 
Name 

Address 

City 


State Zip 
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Blades’ Surgical Diseases of the Chest, ed 4, 
edited by Donald Brian Effler, 839 pp, 939 illus, 
$59.50, St Louis, CV Mosby Co Publishers, 1978. 


And now comes the fourth edition 
of Blades’ Surgical Diseases of the 
Chest. Thoracic surgery has developed 
so much in the post-World War II 
years that an 839-page book on this 
subject may be considered as possibly 
“basic” when compared with current 
textbooks twice its size. To quote the 
preface, the question is whether this 
volume is of “value to the practicing 
surgeon, resident and medical stu- 
dent?” 

This book has been almost com- 
pletely rewritten with mostly new 
authors. The editor has appropriately 


dedicated this new edition to the orig- 


inal editor, Dr Brian Brewer Blades, 
for his pioneering contributions and 
leadership in thoracic surgery. 

The first chapter titled “Medical 
Ethies and Organization” is written 
by an eminent authority, Dr C. Rollins 
Hanlon, director of the prestigious 
American College of Surgeons, With 
the current great lay and judicial 
involvement in medical ethics and the 
delivery of medical care, the complete 
surgeon must be thoroughly grounded 
in these complex problems. An under- 
standing of "ghost surgery," "unnec- 
essary surgery," "overcharging," ete, 
so eloquently presented by Dr Hanlon, 
is vital to a successful practice of 
surgery. The editor is to be congratu- 
lated for innovatively including this 
important material. 

The remaining chapters cover the 
broad scope of surgical diseases of the 
chest, with 40% general thoracic 
subjects and 60% cardiovascular. The 
longest chapter in the former group is 
the original chapter by Blades and 
Higgens on pleuropulmonary infec- 
tions. Quite possibly a “classic,” it ably 
presents the fundamentals of diagno- 
sis and treatment of thoracic infec- 
tious diseases. The other chapters in 
this section are also written in a lucid 
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and succinct manner. 

In the chapters on cardiovascular 
diseases, the presentation of congen- 
ital defects is comprehensive, cover- 
ing the common anomalies, the sur- 
gery of which is shown with excellent 
line drawings. The discussion of phys- 
iology and diagnostic procedures have 
been minimal to emphasize the ana- 
tomic defects and the surgical repair. 
Acquired cardiovascular disease 
makes up three fourths of the discus- 
sion on the cardiovascular subjects. 
Quite correctly, coronary artery dis- 
ease commands the most attention. 
The discussion of blood banking in 
chapter 12 seems somewhat remote 
for thoracic surgery, but the descrip- 
tion of blood components relates 
directly to open-heart surgery. 

The text is strengthened by the 939 
illustrations and in addition, there are 
many tables. Of great importance to 
the serious student of thoracic surgery 
are the generous bibliographies at the 
end of each chapter. This permits the 
reader to delve more deeply into the 
subjects that have been discussed on 
the whole with minimal detail. How 
much doubling the size of this volume 
would add is questionable. Certain 
additional subjects could be covered, 
yet the essential material on thoracic 
surgery is well presented here. Thus, 
we can answer the original question 
posed by the reviewer in the first 
paragraph decidedly in the affirma- 
tive. 

LYMAN A. BREWER III, MD 
Loma Linda, Calif 


Operative Surgery—Fundamental International 
Techniques: Pediatric Surgery, edited by H. Home- 
wood Nixon, 489 pp, $99.95, Woburn, Mass, 
Butterworth & Co, 1978. 

This volume is arranged mto 11 
major categories, the division being 
largely on the basis of anatomical 
location. The list of contributing 
authors is impressive. As in the other 


volumes in this series, tte presenta- 
tions are generally clear and concise. 
There is a minimum of superfluous 
detail in the illustrations. 

I found the review of this book to be 
a difficult task. It is a most useful 
reference book for explaining proce- 
dures to medical students and pediat- 
ric house staff; however, tke variation 
in depth with which various subjects 
are treated makes it less suitable as a 
reference book for surgeons. The 
encyclopedic nature of the book 
enhances these discrepancies and 
there is a wide swing from a primer 
description of the technique for 
removal of a rectal polyp to a very 
extensive exposition of adrenal gland 
surgery. Much of the coverage in the 
latter, unfortunately, is nct relevant 
to adrenal gland problems found in 
the child. The section or inguinal 
hernia and hydrocele in children is 
covered in sufficient detail =o make it 
a useful reference for the staff or 
general surgeon who does an occasion- 
al hernia in a child. The coverage 
given congenital diaphragmatic her- 
nia repair, on the other hand, would be 
inadequate for the same pe-sons. 

Some effort has been made to pre- 
sent different procedures that have 
been used to solve the same problem. 
For example, the section on meconium 
ileus describes several methods that 
have been used to treat the ntestinal 
obstruction in these patients. Similar- 
ly, several methods that have been 
used to handle high intestinal atresias 
are described. The extension of this 
approach would have increased the 
value of this book, both as a reference 
book and as a practieal approach to 
how problems have been solved. In 
addition, I think the book weuld have 
been much more interesting and 
useful if the contributing authors had 
indicated why they used the t2chnique 
they described. A good example of this 
deficiency is illustrated in the section 
on esophageal reconstructior with a 
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tric tube. Two <echniques are 
described, but insuficient data is 
presented for tke reacer to choose one 
procedure aver the otner. Both proce- 
dures come from the same institution 
and it seems that one nas been devised 
subsequent to the o her. One might 
suspect that the second procedure was 
devised because of seme problem with 
the first procedure, but this informa- 
tion is not given. In summary, it can 
be suggested that the potential effec- 
tiveness of this book has been diluted 
by an attempt to cover too many 
subjects. The spread, from circumci- 
sions to treatment of subdural effu- 
sions, from rectal polyps to pancrea- 
tectomies, from protruding ears to 
urinary undiversior, probably reflects 
the problem. Because the patient is 
small does not meam that fundamental 
techniques of operative surgery cover- 
ing all systems caa be easily or well 

presented in a single volume. 
Jessie L. TERNBERG, MD 

St Lonis 


Basic Surgical Techniques, by R. M. Kirk, 168 
pp, $6.50 (paperback, New York, Churchill 
Livingstone, 1°78. 

Medical studenss and interns rotat- 
ing through General Surgery divide 
themselves into two groups, those who 
know when to step on the Bovie pedal 
and those who ne=d to be elbowed into 
doing so. Basic Surgical Techniques 
will find a ready -udience in the form- 
. er group, composed for the most part 

of young people who know little more 
about surgery zhan that they are 
strongiy a:tracted to it. Such students 
of surgery will suy one of the major 
texts and will find that it fails to 
adequately cover the more practical 
matters to which this book is 
devoted. 

Kirk addresses such fundamental 
questions as haw one handles instru- 
ments, various types of tissue, bleed- 
ing, amd drains He even includes one 
chapter of immediate, practical value 
for students. Entitled “Handling Dis- 
play,” it covers the uses of retractors. 
Perhaps most important is the first 
chapter, "Handling Yourself,” which 
contains such reassuring statements 
as "...there 5 no such thing as the 
ideal surgeon’s hand” and “do not feel 
different abort your ability to per- 
form delieate surgical operations be- 
cause yov appear to have shaky hands, 
but learn to steady them against a 
frm base.” Most beginners feel 
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different indeed about their hands 
and will welcome reassurance that 
their plight is temporary, shared, and 
remediable. 

This book is not without flaws, but 
they are minor; the illustrations, while 
clear, are quite crude. As a "how to" 
book, Basic Surgical Techniques is at 
times too terse; for example, with 
minimum increase in length Kirk 
could have described the movement of 
the hands while putting in various 
continuous stitches, rather than mere- 
ly depicting the results. These imper- 
fections notwithstanding, the book 
meets the most important criteria for 
a useful student text. It is brief, infor- 
mative, and like so much British medi- 
cal writing, delightfully readable. 

ANN HENDERSON 
New Haven, Conn 


General Surgical Operations, edited by R. M. 
Kirk, 412 pp, $37.50, New York, Churchill Living- 
stone, 1978. 

Although the editor’s aim was to 
prepare a “practical manual for the 
general surgeon about to carry out an 
operation,” he has generally failed 
because the book deals too superficial- 
ly with the surgical problems it 
discusses. Most of the book is written 
in a pedantic, step-by-step, cookbook 
style that I found very tiring. It is 
obviously directed toward the house 
officer about to embark on his first 
operation. This is literally so, for the 
descriptions of "setting up an intrave- 
nous infusion," "appendectomy," and 
other procedures are described in 
simplistie detail, yet the text is so 
superficial and casual that it would 
have to be supplemented by informa- 
tion from other, better-written 
sources. 

One pictures the house officer, with 
this manual propped on a Mayo stand, 
performing an operation for perfo- 
rated peptic ulcer: "If you are inexpe- 
rienced, are working at night with a 
junior anesthetist, favor the most 
conservative procedure. Should you 
call your chief for help? If the proce- 
dure you consider correct is beyond 
your scope, do not proceed without 
consulting your chief." Or imagine the 
young house officer relying on the 
manual while operating for gastroin- 
testinal bleeding and finding esopha- 
geal varices: "If you are familiar with 
the techniques of portocaval...anas- 
tomosis, if this is a suitable patient 
and the circumstances are also favor- 
able, then perform the operation." No 
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information is given about how to 
determine what is a suitable patient 
or what is a favorable circumstance. 

Furthermore, visualize the house 
officer relying on the manual if he has 
trouble doing a cholecystectomy: "Do 
not be too proud to admit defeat and 
content yourself with cholecystotomy, 
partieularly if this is an emergency 
operation in a poor risk pa- 
tient... and if you are inexperienced. 
Your wisest course if in doubt is to 
contact your chief.” One would hope 
that young house officers would have 
better supervision than to be allowed 
to embark alone on procedures beyond 
their capabilities. 

The abdominal surgery sections are 
written by Kirk. Other chapters on 
pediatric, orthopedic, urologic, breast, 
gynecologic, vascular, cardiothoracic, 
neurosurgical, endocrine, and ophthal- 
mologic surgery are written by spe- 
cialists in these fields. Perhaps the 
most succinet of these specialty chap- 
ters is that on pediatric surgery by A. 
W. Wilkinson, who, in his three-page 
contribution, describes NO operations 
in detail and makes this sensible 
statement: “With a country such as 
Britain, it is absurd not to concentrate 
such babies [with surgical lesions] in 
centres properly equipped with 
trained nursing and anesthetic staff.” 
The orthopedic chapters by Madgwich 
and Wilson are the best in the book, 
although again too little information 
about disease processes, alternative 
procedures, potential hazards, and 
complications is given (a fundamental 
defect in the book’s concept). 

It is hard to imagine who would 
need this book. The pedantic style 
bores anyone but a neophyte house 
officer and yet it is too sketchy and 
superficial to help someone prepare 
for board exams. The illustrations are 
not well drawn and have enough 
anatomic errors to make the book 
useless as an atlas. I believe Maingot, 
Rob, Turrell, Shackelford, or another 
of the widely available texts on opera- 
tive surgery would be a better choice 
for young residents preparing for 
boards. 

Much of Kirk's portion of the text is 
reprinted virtually unchanged from 
an earlier book of his.' Nowhere in the 
present volume is the earlier work 
mentioned or acknowledged. 

Francis C. NANCE, MD 
New Orleans 


Kirk RM: A Manual of Abdominal Operations. 
Philadelphia, JB Lippincott Co, 1977. 
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Correspondence and Brief Communications 
Sh vommunications 


Heparin and Antithrombin 3 


To the Editor.—The white clot syn- 
drome recently reported by Towne et 
al' is disturbing. The complications of 
therapy with heparin are a problem 
not only for physician and patient, but 
for the clinieal pharmacist, who is 
often called on to explain them. 
Another problem of therapy with 
heparin that can result in thromboem- 
bolic sequelae is a heparin-induced 
decrease in levels of antithrombin 3. 
Antithrombin 3 is believed necessary 
for heparin's antithrombic effects 
and, paradoxically, in some patients, 
heparin causes a reduction in the level 
of this factor.* Towne and his fellow 
workers made no mention of this and 
one wonders if reduction in the levels 
of antithrombin 3 could have been an 
aggrevating factor. Although the 
thrombi were of arterial origin where 
platelet aggregation is believed to be 
of greater importance than the intrin- 
sic coagulation system, a heparin- 
induced depletion of antithrombin 3 
may have contributed to the fibrin 
component of even "white clots." 

Z. L. G. STEIN 

Chicago 


l. Towne JB, Bernhard VM, Hussey C, et al: 
White clot syndrome. ArcA Surg 114:372-377, 
1979. 

2. Marciniak E, Gockerman JP: Heparin: 
Induced decrease in cireulatory antithrombin III. 
Lancet 2:581-584, 1977. 


Adrenalectomy and Cushing's 
Disease 


To the Editor.-We agree with Prinz 
et al' regarding the continued impor- 
tance of adrenalectomy in the treat- 
ment of Cushing's disease and the 
particular necessity for careful long- 
term follow-up when radiation to the 
pituitary gland is used. We have had 
the opportunity to study a 33-year-old 
woman who was treated with the 
conventional radiation to the pituitary 
gland for Cushing's disease in 1968 at 
a major medical center. Unfortunate- 
ly, the patient moved out of state and 
was unavailable for follow-up. She did 
seek consultation in her new locality 
and was told that she did not have 
evidence of Cushing's disease and 
furthermore probably never had had 
this disorder. 


Report of a Case.—When we first studied 
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this patient in 1976, she was already 
severely disabled by a painful right hip and 
walked with crutches. Results of physical 
examination showed obesity (height, 
1.57 m; weight, 84.15 kg), facial rounding, 
plethora, thin skin with occasional ecchy- 
moses, acne, violaceous striae, and proxi- 
mal myopathy. Roentgenograms showed 
advanced aseptic necrosis of the right hip, 
multiple fractures of the ribs, and a 
normal-sized sella (10 x 14 mm) with mini- 
mal thinning of its posterior wall. 

Results of laboratory studies showed 
free cortisol level of 591 ug/24 hr (normal, 
78 to 365 ug/24 hr) The baseline 17- 
hydroxysteroid level was 11 mg/24 hr 
(normal, 2 to 6 mg/24 hr), and the 17- 
ketosteroid level was 20 mg/24 hr (normal, 
9 to 15 mg/24 hr). After a standard two- 
day suppression with dexamethazone (0.5 
mg every six hours for eight doses), the 
17-hydroxysteroid level fell to 1.8 mg/24 hr 
and the 17-ketosteroid level was 10 mg/24 
hr. Despite the surprisingly good suppres- 
sion obtained, we believed Strongly that 
the patient had Cushing’s disease. We then 
documented a lack of diurnal variation of 
plasma cortisol and found that the cortisol 
secretion rate was increased at 58.2 mg/ 
day (normal, 12 to 22 mg/day). These stud- 
ies provided strong additional support for 
the diagnosis of Cushing’s disease. 

Because the patient had severe hip dis- 
ability, bilateral adrenalectomy was recom- 
mended. Results of pathological examina- 
tion showed nodular cortical hyperplasia of 
the adrenals. The proximal myopathy 
subsided, the patient’s weight fell 13.5 kg, 
and her condition was generally improved. 
Unfortunately, the patient had adrenalec- 
tomy performed only after severe destruc- 
tion of the right hip. 


Comment.—This patient has recent- 
ly been considered for tota! hip 
replacement. However, in view ef her 
youth and the uncertainty about the 
service life of the prosthetic hip, it 
was believed best to delay the proce- 
dure as long as possible "until crutch 
Support and analgesics no longer 
control her symptoms.” One wonders 
if this patient had been treated with 
conventional adrenalectomy instead 
of conventional x-radiation to the 
pituitary gland, whether this severe 
disability might have been avoided. 

SHELDON S. STOFFER, MD 
RAYMOND WEITZMAN, MD 
Davin E. SCHTEINGART, MD 
Southfield, Mich 


l. Prinz RA, Brooks MH, Lawrence AM, et al: 
The continued importance of adrenalectomy in 
thé treatment of Cushing's disease. Arch Surg 
114:481-484, 1979. 
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VITAL 


NUTRITIONALLY COMPLETE | E EE e 

HYDROLYZED DIET e 

a new dimension in enteral feeding... 

e Mild, appealing flavor to help ensure ® Calorie/nitrogen ratio recommended for 
compliance with oral feeding regimens effective protein sparing and metabolism: 

e Low osmolality: 450 mOsm/kg water to 150 Calories/g nitrogen 
avoid potential for dumping syndrome or è Less than half the cost of currently available 
other Gl cistress commonly associated with high-nitrogen diet of free amino acids 
elemental diets Makers of Ensure®, Ensure®Plus, Ensure® Osmolite™, 

e High levels of nitrogen for the stressed Polycose® 


patient: 10 g nitrogen per 1500 Calorias ROSS LABORATORIES 


COLUMBUS, OHIO 43216 
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Colace means escape —from laxative 
stimulation, from laxative harshness, 
"from laxative habit;-Colace gently 

helps soften stools:for-easy, painless, 

unstrained elimination. It's the great 

axatíve:escape, from infancy to old 

“age. Available.in 100 and 50 mg.'cap- 
-sules. Syrup or fiquid. 
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One 30-mg capsule h.s. — usual adult dosage 
(15 mg may suffice insome patients) 

One 15-mg capsule h.s.— recommended initial 
dosage for elderly or debilitated patients. 


Before prescribing Dalmane (flurazepam HCI), 
please consult complete product information, a 


summary of which follows: 

Indications: Effective in all types of insomnia 

Characterized by difficulty in ralling asleep, 

frequent nocturnal awake ungs and/or early 

morning awakening; in patients with recurr ing 

insomnia or poor sleeping habits: in acute or 

chronic medical situations requiring restful 

sleep. Objective sleep lal Oratory data have ii 


shown effectiveness for at least 28 consecutive 


nights ol administration. Since irisi mn a IS often Dalmane (tlurazepam HCI) 
transient and intermittent, prolonged adminis 


Ws 


tration is generally not necessary or recommended. provides restful sleep 


Contraindications: Known hypersensitivity to = R . 
urazepam HCI | rom the first night of 
arnings: Caution patients about possible com. ART. ° 
bined Sila ts with alcohol and other CNS depres administration 
sants. Caution against hazardous oci upations 
requiring complete mental alertness (e.g 
operating machinery, driving). 
Usage in Pregnancy: Several studies of 
minor tranquilizers (chlordiazepoxide, 
diazepam, and meprobamate) suggest in- 
creased risk of congenital malformations 
during the first trimester of pregnancy. 
Dalmane, a benzodiazepine, has not been 
studied adequately to determine whether 
it may be associated with such an in- 
creased risk. Because use of these drugs 
is rarely a matter of urgency, their use 
during this period should almost always 
be avoided. Consider possibility of preg- 
nancy when instituting therapy; advise 
patients to discuss therapy if they intend 
to or do become pregnant. 
Melle-e( [ei-ise[-eBieldiil-- in persons under 15 
ears of 88e. Though physical arid psychological 
lependence have not been reported on recom- 
nended doses, use caution in administer ing to 
ddictiggprone individuals or those who might 
n rease'losage 
Precautions: In elderly and debilitated patients, 
t is recqammended that the dosage be limited to 
5 mg tO Teduce risk of oversedation, dizziness, 
onfusion and/or ataxia. Consider potential 
idditive effects with other hypnotics or CNS 
lepressants. Employ usual precautions in pa 
ients who are severely depressed, or with latent 
lepression or suicidal tendencies. or with 
mpaired renal or hepatic function. Periodi 
ood counts and liver and k dney function tests 
re advised during repeated therapy. 
Adverse Reactions: Dizziness, drowsiness. light 
eadedness staggering, ataxia and falling have 
ccurrec I'cularly in elderly or debilitated 
atients. Severe se lation, lethargy, disorienta- 
on and coma, probably indicative of drug intol- 
rance or overdosage, have been reported. Also 
ported: headache, heartburn, upset stomach, 
ausea, vomiting, diarrhea, constipation, GI 
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'...it has long been recognized that anxiety, tension, agitation, and apprehension are all capable 


of increasing pain perception...” 
Halpern L M: Anxiety and pain in postoperative patients. Hospital Practice (special report), January 1977, pp 31-33 


Following surgery... 
the perception C I 
of pain diminished by a m 
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Editorials 


Endoscopic Papillotomy 


A Plea for Rational Restraint 


ivision o^ Oddi s sphincter may be accomplished under 

. direet vision -n the operating room or by electrocau- 
tery via the endoscope. Regardless of the technique 
employed, the prceedure is associated with recognized 
- complications, some of which result in death. The limita- 
tions and complications of sphincteroplasty are well known 
to the general surgeon. Endoscopists are beginning to 
appreciate the reality of this morbidity and mortality. We 
have recenty hac experience with two fatal and one 
nonfatal complications after endoscopic papillotomy. The 
reason for tkis prosedure in two patients was "stenosis" of 
Vater's ampulla, ind in the third patient caleuli were 
present in beth the common duct and the gallbladder. The 
deaths were due tc pancreatitis in one patient and cholan- 
gitis in the other. The nonfatal complication was a duode- 


nal perforation at Vaters ampulla. With any new — 


therapeutie procecure, excessive enthusiasm and the lack 
of proper guidelines may result in its overuse. A case in 
point is endoscopi= papillotomy. 

Endoscopic papillotomy is being advocated for residual 
and recurrent common duct stones, cholangitis, and papil- 
lary stenosis. Each of these indications deserves close 
scrutiny. 

Retained (resicual) common duct stones are usually 
diagnosed by postoperative T-tube cHolangiography. 
Chemical dissolut.on of these stones’ has been reported, 
but with varying success. Although this is the most attrac- 
tive mezns of sclving this problem from a theoretical 
viewpoint, its ultimate role is yet to be determined. 
Removal of retaimed stones through the T-tube traet^? is 
effective and assoriated with few complications. Reopera- 
tion and secondary choledochotomy continues to be neces- 
sary for technical reasons in some patients, and the 
effeacy and hazards of this approach have been well 
documented.’ In taose few patients in whom the T tube has 
been removed or n whom stone extraction was unsuccess- 
ful, the use of endoscopic papillotomy to extract the 
residual calculi is worthy of trial. 
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Endoscopic papillotomy will probably be most useful in 
patients with common duct stones diagnosed years after 
cholecystectomy. The issue of whether these caleuli are 
retained or recurrent is not germane to this discussion. 
Aged and poor-risk patients in this category stand to gain 
the maximum benefit in terms of resolution of their 
disease at an acceptable risk. 

Patients with intact gallbladders, cholelithiasis, and 


common duct stones are not candidates for endoscopic 


papillotomy, in our opinion. In this group of patients, 
removal of the common duct stones provides, at best, a 
temporary and partial solution. These patients have litho- 
genic bile in addition to cholelithiasis, conditions that are 
best resolved by operative techniques. 

Patients with cholangitis characterized by chills, fever, 
and jaundice require prompt surgical decompression of the 
common duct. Cholangitis that is associated with obstruc- 
tion caused by stone, neoplasm, or benign stricture 
requires decompression to permit therapeutic levels of 
antimicrobial agents in the bile. Endoscopie manipulation 
of the biliary ductal system without effective decompres- 
sion increases the risk of fatal septicemia, which is the 
result of untreated cholangitis. Direct surgical interven- 
tion may be less hazardous in this group of patients. 

The use of endoscopie papillotomy in patients with 
papillary stenosis presents special problems, not the least 
of which is an acceptable definition of papillary stenosis. 
There are countries and institutions where the diagnosis is 
recorded with regularity, and others where it is a distinet 
rarity. To some of us, its frequency appears to be inversely 
related to the skill and experience of the operating 
surgeon. Regardless, there does seem to have evolved 
among surgeons three basic criteria that are prerequisites 
for its diagnosis: (1) inability to pass a 2- or 3-mm dilator 
through the sphincter, (2) a dilated common duct, and (3) 
clinieal and laboratory evidence of obstruction of either the 
common bile duet or the pancreatic duct or both. Certainly 
easy cannulation of the papilla with a catheter with a 1.8 
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mm outside diameter would be evidence against the diag- 
nosis, while a long delay in the emptying of contrast 
material after retrograde cholangiography would be 
evidence in favor of such a diagnosis. 

Either we surgeons have been most inept in properly 
identifying cases of papillary stenosis or many individuals 
having a papillotomy are undergoing a needless procedure. 
Papillary stenosis does exist, but not with the increasing 
frequency with which it is reported in the literature. 
Criteria for making the diagnosis must be crystallized and 
rigidly adhered to. Endoscopic papillotomy is not without 
risk. Although current series report a morbidity of approx- 
imately 8% and mortality of 1.5%, it must be remembered 
that this is still a procedure that is being done in few 
centers. As it becomes more accepted, more individuals of 
varying skill will attempt it, and we can expect that 
morbidity and mortality will increase. Certainly, as with all 
statistics, the true incidence of such major catastrophes as 
hemorrhage, perforation, and death are and will be under- 
reported. We hope that those individuals who would 


perform endoscopic surgical papillotomy would learn from 
the past, and that by judicious restraint and the develop- 
ment of strict criteria they will find the proper niche for 
this new technique without having to relive tke errors of 
surgical history. 
Murry G. FISCHER, MD 
CHARLES K. McSHERRY, MD 
Beth Israel Medical Center 
Mount Sinai School cf Medicine 
New York, NY 1000¢ 
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Who Is the Brother That I Should Keep? 


lsewhere in this issue (p 1007), there are described two 
human experiments utilizing donation of kidneys by 
living donors unrelated genetically to the recipients. In 
informal discussion of this issue at its meeting in Rome in 
the early fall of 1978, the assembled members of the 
International Transplantation Society overwhelmingly 
condemned this practice. But, on sober and more objective 
reflection, the wisdom and certainly the logical consistency 
of this position may be challenged. For this same group 
widely approves and encourages the practice of donation 
by living relatives, citing the almost negligible risk and 
morbidity. The objection to living unrelated donors cannot 
be founded on the lack of genetic relationship, for the same 
group actively participates in and supports utilization of 
organs from genetically unrelated donors who happen to be 
dead. 

Yet, the most frequently cited objection is the lower 
expectation of success with living unrelated donors as 
opposed to results with genetically related ones. The final 
report of the kidney transplant registry in 1976 indicated 
that approximately three fourths of kidneys from living 
sibling donors survive the first year; two thirds of living 
parental donated kidneys and one half of cadaver kidneys 
continued to function. The final report noted a substantial 
increase in patient survival, up to 72% at one year after 
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cadaver donations as compared to 58% in 1968 and recent 
figures cf 85% and 88% for sibling and parental kidney 
recipients, respectively. Recent statisties for living unre- 
lated donors are not available, but results should be 
intermeciate between those using living related donors 
and those using cadaver donors. Results might be expected 
to be somewhat better than with cadaver donors because of 
better selection of healthy donors, more favorable circum- 
stances for organ removal and extracorporeal preservation, 
and better risks because of more carefully planned prepa- 
ration of recipient and perhaps of donor. 

The point in this continuum at which it becomes repre- 
hensible to perform transplantations defies amy simple 
objective analysis and becomes a complex problem involv- 
ing expectations of donor, of recipient, and other parties in 
addition :o those of the physician. 

Perhaps a more compelling objection centers on the 
possibility of mercenary donations or exploitation of 
unsuspecting donors by wealthy or powerful recipients. 
But, at least in the United States, exchange of o7-gans for 
monetary gain is in violation of the spirit of the Uniform 
Anatomical Gift Acts that form the legal basis for organ 
donation in all of the 50 states. Implicit in the title of and 
the language throughout these acts is the conce»t of the 


`- donation of all or part of a body as a gift without 
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compensation. Of course, it is probably easy to evace this 
law, and only the mest naive would pretend that corsider- 
ations of special obligation and rewards in family status, if 
not aetual financial gain, are not involved in living related 
donor situations. In fact, the pressures of family and 
society on the genetically acceptable prospective donor, 
unfortunately frequently abetted by an enthusiastic trans- 
plant surgeon cr nephrologist, would seem to be faz more 
intense than those on a genetically unrelated person—a 
friend of the family, a childless spouse, a companion, even 
an altruistic passer-by. Nor are these unsolicited donors 
who come forward cf their own volition liable to be nental 
misfits; at least two psychiatric studies on the outcome of 
such donations have indicated that almost all donors have 
shown improved feelings of their worthiness as human 
beings for having donated (even when their kidneys were 
rejected). This is in striking contrast to the feelings of 
those prospective living related donors in one study who 
declined the opportunity to donate. 

Consider the opposing position of the argument of a 
clergyman speaking in an assembled panel on the philoso- 
phy of denaticn who indignantly asked, "What man by 
virtue of M.D. initials at the end of his name has been 
given the right to deny me the opportunity to cast myself 
before an onrushing automobile in an effort to save the life 
of a child at play?” Given a reasonable understanding of 
the risks and implications of his act, doesn’t the prospective 
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donor have at least some claim to participation in the 
decision to donate? How many of you would exult in your 
heart at the opportunity to endure the pain and risk 
necessary to restore the health of a loyal friend or spouse, 
and yet have doubts and be reluctant to bow to the pressure 
to donate to an estranged relative after your adult lives 
have drifted apart? 

And so the issue becomes more complex as one proceeds 
from the vehemence of condemnation of organ donation by 
unrelated living donors through objective analysis to vehe- 
mence on the other side of the issue. Certainly, a blanket 
condemnation of use of organs from unrelated living 
donors does not seem justified. What further can be done 
to protect the rights and privileges of donors and recipi- 
ents—additional layers of regulations? More dry and dusty 
legalese inscribed in our statutes? Another committee or 
two? Certainly this editorialist has no special insight or 
wisdom not granted to his predecessors. Perhaps the best 
that we can do as physicians at present is to condemn evil 
practices, try to be certain that the parties are informed as 
to technical matters and risk, and to require that agree- 
ments not be made in secret. Since this is essentially the 
sort of thing we do regularly in regard to other surgical 
operations, probably we, as surgeons, are as well equipped 
for the task as any others. 

WILLIAM T. Newton, MD 
St Louis 
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Colonie Complications 
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of 
Acute Pancreatitis 


Herand Abcarian, MD; Mohammed Eftaiha, MD; Avram R. Kraft, MD; Lloyd M. Nyhus, MD 


è Colonic complications of acute pancreatitis include “pseu- 
do-obstruction " necrosis, hemorrhage, fistula, and ischemic 
colitis. With the tem cases reported in this article, ther» are now 
75 cases reportec in the literature to our knowledge. The 
fulminating lesions-(necrosis and hemorrhage) are usually asso- 
ciated with pancreatic abscess and/or pseudocyst and may 
occur because of z direct pressure effect with secondary vascu- 
lar compromise. Tae lesions are predominant in the transverse 
colon and at the splenic flexure. Because the risk factor for a 
colonic comolicaiion from pancreatitis is highest in those 
patients with inflammatory masses in the body and tail of the 
gland due to colon contiguity, such masses require individual- 
ized treatment, including frequent clinical examination with 
sequential utrascnography, and probably early surgical inter- 
vention. 

(Arch Surc 114 995-1001, 1979) 


f the many patients admitted to a municipal hospital 
with acute pancreatitis, pancreatic complications 
develop m approximately 13% and colonic complications 
develop in 1% The latter complications are difficult to 
treat, may be Lfe threatening, and the practic ng surgeon 


may only rarely encounter them. Our recent review of this 


subjeet shows that there have been 65 cases of colonic 
complications (obstruction, fistulization, bleeding, and 
stricture) reparted in the literature to our knowledge. Ten 
recent cases o^ colonie complications of acute pancreatitis 
are described and means of diagnosis and methods of 
therapy are recommended. 


SUBJECTS AND METHODS 


Data were obtained from 1,000 patients with acuze pancreatitis 
treated at‘Cook County Hospital, Chicago, betweer July 1973 and 
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June 1976. All patients with pancreatitis met our arbitrary criteria 
of elevated levels of serum and/or urine amylase levels associated 
with abdominal pain in the absence of other intra-abdominal 
diseases. In the vast majority of the patients, aleoholism was the 
basis for the pancreatitis, although other causes, such as mumps, 
biliary traet disease, and trauma, were also noted. 

The diagnosis of a colonie complication was supported by the 
patient's clinical course and was documented by roentgenograms, 
by operative findings, or at autopsy. The colonie complications 
seen in this series of patients included “pseudo-obstruction,” 
colonie necrosis, lower gastrointestinal (GI) bleeding, fistula 
formation, and ischemic colitis. 


Pseudo-Obstruction of the Colon 


This problem was seen in three patients, all of whom were 
between 50 and 65 years of age and who had nonspecific acute 
abdominal pain and distention with no previous history of abdom- 
inal surgery. Hyperamylasemia and/or hyperamylasuria was seen 
in all three and plain abdominal roentgenograms showed the 
"colon cutoff" sign in the transverse colon proximal to the splenie 
flexure (Fig 1) "Thumbprinting" was seen in two of these 
patients (Fig 2). Because of their age and because in each instance 
there was a history of altered bowel habits, the diagnosis of an 
obstructing carcinoma was suspected and emergency proctosig- 
moidoscopy and barium enema were performed, none of which had 
results that showed an anatomic obstruction in the left colon (Fig 
3). The patients were treated with nasogastric decompression and 
intravenous (IV) fluid replacement. In all patients, abdominal 
distention disappeared and the levels of amylase returned to 
normal. Results of follow-up barium enema examinations were 
completely normal in all instances. 


Colon Necrosis Secondary to Pancreatic Abscess 


Two patients (aged 33 and 35 years) had acute hemorrhagic 
pancreatitis documented by abdominal paracentesis that showed 
maroon-colored fluid rich in amylase with no bacteria. Both 
patients had high serum and urine amylase values, respiratory 
distress, hypocalcemia, and hypovolemia. One of the patients died 
within 24 hours of admission. At the postmortem examination, a 
huge pancreatic abscess was found involving the transverse 
mesocolon and associated with gangrene of the transverse colon, A 
tender epigastric mass concomitant with pneumonitis and respira- 
tory failure developed in the other patient. The pulmonary compli- 
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Fig 1.—Abdominal roentgenogram showing typical "colon cutoff 


Fig 2.—Abdominal roentgenogram showing “colon cutoff sign” 
sign” with no air seen beyond splenic flexure of colon. 


and "thumbprinting" of proximal descending colon. 





Fig 3.—Barium enema of patient in Fig 1 showing nc obstruction but 
severe spasticity and irritability of descending colon. 
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Fig 4.—Top, -arge »ancreatic abscess involving the transverse 
colon. Bottom, Trarsverse co:ectomy, proximal colostomy, and 
distal mucous fistula with drainage of retroperitoneum. 


cations resolved, but the epigastric mass persisted and the results 
of ultrasonography and an upper GI series indicated that it was a 
pseudocyst (Fig 4, tep). The sucden occurrence of hypotension and 
abdominal pzir durmg the 15th hospital day led to an exploratory 
laparotomy, at whica time he was found to have a large pancreatic 
abscess involving the transverse colon and mesocolon, with necro- 
sis of the transverse colon. Transverse colectomy, proximal colos- 
tomy, and distal macous fistula and drainage of the retroperito- 
neum were performed and the patient recovered (Fig 4 
bottom). 


Acute GI Bleeding Caused by Pseudocyst 


This complieation was seen in two patients. A 35-year-old man 
was admitted to the hospital with a pancreatic pseudocyst. Hypo- 
volemie shock with massive lower and upper GI bleeding suddenly 
developed. At emergency celictomy, a large pancreatic pseudocyst 
was found taat hac eroded the posterior wall of the stomach, the 
duodenum, and th» entire mesenteric border of the transverse 
colon (Fig 5). A partial gastrectomy (Billroth II anastomosis), 
transverse colectomy with a hepatic flexure colostomy, and 
mucous fistula were performed (Fig 5). After a complicated 
postoperative course, the patient left the hospital in satisfactory 
condition. 

A 33-year-did man, admitted to the hospital with acute pancrea- 
titis, initialy resoonded to supportive therapy, but recurrent 
abdominal pain end hyperamylasemia developed three weeks 
after admission. ^n upper ard lower GI series, ultrasonography, 
and gastroseopy were performed because of the suspicion of a 


, 
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Fig 5.—Top, Large pancreatic pseudocyst with erosion into 
stomach and transverse colon. Bottom, Partial gastrectomy (Bill- 
roth Il), transverse colectomy, hepatic flexure colostomy, and 
mucous fistula. 


pseudocyst, but none was detected. The patient was discharged 
and returned to the hospital one week later with massive lower GI 
bleeding. Proctosigmoidoscopy was normal to 25 em and the 
results of a barium enema examination were normal except for 
colonic diverticula. Gastroscopy showed a pressure effect on the 
posterior wall of the stomach and an upper GI series showed 
displacement of Treitz’ ligament (Fig 6). The patient responded to 
volume replacement but became hypotensive with a second 
episode of massive lower GI bleeding. When an exploratory 
laparotomy was performed, the entire colon was filled with blood 
and the cecum was thin walled and massively dilated. A “blind” 
colectomy was attempted. As the splenic flexure was mobilized, it 
became evident that a pseudocyst had ruptured into the colon at 
this site (Fig 7). An ileostomy, descending colon mucous fistula, 
and external drainage of the ruptured pseudocyst was accom- 
plished. The patient had a complicated postoperative course but 
was discharged in satisfactory condition two months after his 
operation, 


Fistula Formation 


This complication occurred in two patients. A 29-year-old man 
who had acute hemorrhagic pancreatitis underwent exploratory 
laparotomy because of an enlarging abdominal mass associated 
with a fever. A pancreatic abscess was found at the time of 
operation and was drained externally. Exploratory surgery was 
performed again on this patient because of massive drain-site 
bleeding caused by erosion of the splenic artery. The splenic artery 
was ligated and a splenectomy was performed. Postoperatively, 
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Fig 6.—Upper gastrointestinal series showing displacement of 
stomach and Treitz' ligament. 


200 to 400 mL of amylase-rich fluid drained per day; the volume of 
fluid drained did not decrease when he was placed on parenteral 
hyperalimentation. The results of a sinogram and a barium enema 
examination showed a pancreaticocolocutaneous fistula in the 
region of the splenic flexure (Fig 8). Segmental colectomy and 
distal pancreatectomy were performed with excellent results (Fig 
9). A 43-year-old woman had acute pancreatitis; roentgenograms 
showed pseudo-obstruction of the colon with thumbprinting in the 
transverse colon. Exploratory laparotomy was performed because 
of signs of peritoneal irritation. At the time of operation, she had 
acute pancreatitis with an inflammatory thickening of the trans- 
verse colon and retroperitoneal dissection by a phegmon from the 
base of the transverse colon to the left paracolic gutter. The lesser 
sac was drained and a tube cholecystostomy, Stamm gastrostomy, 
and feeding jejunostomy were performed. She had a septic 
postoperative course complicated by small-bowel fistulas and a 
colocutaneous fistula distal to the splenic flexure. The patient died 
after an attempt to surgically correct these fistulas. 


Ischemic Colitis 


A 21-year-old man with a stab wound of the epigastrium had a 
small superficial laceration of the body of the pancreas. The 
pancreatic wound did not involve the major duct and the injury 
was externally drained (Fig 10). Postoperatively, fulminating 
pancreatitis, with elevated serum and urine amylase levels, and 
lower GI bleeding developed. A proctosigmoidoscopy was normal, 
but abdominal roentgenograms and the results of a barium enema 
examination showed the colon spasticity and thumbprinting typi- 
cal of ischemic colitis (Fig 11). The patient’s bleeding stopped as 
his pancreatitis subsided. The results of a second lower GI series 
were normal before his discharge. 


COMMENT 


Colonic complications of acute pancreatitis are quite 
rare, are difficult to identify and to treat, and therefore 
are associated with high morbidity and mortality. The 
intimate relation of the pancreas to the colon and its 
mesentery make the colon readily susceptible to the effects 
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Fig 7.—Top, Erosion of pancreatic pseudocyst into splenic flexure 
of the coion. Bottom, Subtotal colectomy ileostomy, mucous 
fistula, and external drainage of ruptured pseudocyst. 


of acute pancreatitis and its sequelae. The two layers of the 
transverse mesocolon cover the anterior and inferior 
surface of the body of the gland and by this means the 
anterior surface of the pancreas has direct contact with the 
transverse colon (Fig 12), with pancreatic inflammatory 
exudate having access to the transverse mesocolon.' 
Because of the pancreas’ retroperitoneal location, pan- 
creatic enzymes and inflammatory reaction can dissect 
tissue planes into the left and right paracolic gutters, to the 
root of the mesentery, and to the pelvis involving the entire 
retroperitoneum in some cases. Despite such anatomic 
considerations, colonic complications of acute pancreatitis 
are relatively rare when compared to other complications 
of this disease. Lukash? reported one case of colonic 
complication among 100 cases of pancreatitis for an inci- 
dence of 1%, whereas in the same report, the incidence of 
obstructive jaundice was 10%. The same frequency of 
colonic complications has been noted in our series. 


Colon Cutoff Sign 


Of the colonie complications, obstruction or pseudo- 
obstruction is the most common and benign. Stuart! is 
credited with the original description of the colon cutoff 
sign in 1956, although it should be noted that Pierce’ 
described the sign in the same year. 

Agarwal et al, in a review of this subject, reported 16 
cases of colonie obstruction and categorized the colon 
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Fig 9.—Top, Fistula leading into splenic flexure and tail of the 
Fig 8.—Pancreaticocolocutaneous fistula shown by fistulogra- pancreas. Bottom, Segmental colectomy with resection of tail of 
phy. pancreas. 


har 





Fig 10.—Debridement of pancreatic injury not involving major Fig 11.—Barium enema showing spasticity and "'thumbprinting" 
pancreatic cuct with extensive external drainage. typical of ischemic colitis in splenic flexure. 
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Fig 12.—Anatomic relationship of pancreas to transverse colon 
and its mesentery, with pancreatic abscess rupturing into colon 
(arrow). 


cutoff sign as a manifestation of spasmodic obstruction of 
the colon. Grodsinsky and Ponka' also reported this finding 
in nine patients and ascribed it to either colonie spasm with 
proximal distention or to localized paralytic ileus. 

The true cause and incidence of the colon cutoff sign is 
not well documented. Kraft and Saletta* found this sign in 
4% in their study of patients with acute alcoholic pancrea- 
titis. The anatomic localization of this radiologic sign could 
vary from the hepatic flexure to a point just beyond the 
splenic flexure. The fact that there is limited blood supply 
in the region of the splenic flexure and the radiologic 
presence of the cutoff sign near this segment suggest a 
relationship of retroperitoneal inflammation and transient 
ischemia producing colonic ileus. 

All three patients with obstruction in our series 
improved with expectant care and are therefore considered 
to have had colon spasm or pseudo-obstruction. This is 
consistent with other reports of cases with the colon cutoff 
sign."* Acute mechanical colonie obstruction may also 
occur due to an inflammatory mass in the body and tail of 
the pancreas. These lesions must be differentiated from 
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each ether and usually a barium enema examination is 
diagnestic. There are nine “true” obstruction cases 
reported in the literature,“ most of which were treated 
with proximal colostomy. 


Colonic Obstruction 


Colonic obstruction may also occur on an ischemic basis. 
Hunt and Mildenhall,’ in their review of the literature, 
reported three cases of their own and attributed stricture 
formation to an ischemic process. Their presumption was 
based on (1) barium enema examination that showed 
thumbprinting, and (2) pathologic examination of the 
resected specimens that showed typical features of 
ischemic colitis as described by Marston et al* (ie, hemo- 
siderin-laden macrophages and evidence of submucosal 
vessel thrombosis). Mair et al“ have also reviewed 21 cases 
of colomic stenosis associated with acute pancreatitis. In 18 
patients (86%), the stenosed segment was at cr near the 
splenie flexure. Over 50% of these cases were seen during 
an attack of acute pancreatitis, and barium enema exami- 
nation was diagnostic in 76% of all cases. The majority of 
patients (86%) underwent laparotomy; colonic resection 
was per^ormed in five patients and colostomy or cecostomy 
was carried out in another five patients. 


Fistulization 


Fistuia formation accompanying pancreatitis, which can 
be associated with bleeding, has been reported in 38 
patients. Fistula formation is usually also associated with 
pseudocyst or with abscess formation. In our loeal experi- 
ence, fistulas occurred more frequently in patients with 
abscess and without pseudocysts. Fistulas may occur after 
surgical drainage of an abscess or pseudocyst. In this latter 
circumstance, surgical or mechanical injury may be the 
causal factors. 

Gatch and Brickley,'® in 1951, reported three cases of 
colonic perforation associated with acute pancreatitis. 
Berne and Edmondson" reviewed the literature on this 
subject, adding four cases of their own. These authors 
stressed the fact that fistulization did not occur curing the 
early, acute phase of pancreatitis, but rather as a conse- 
quence of pancreatic suppuration and/or pseudocyst. 
Steedman et al? pointed out that fistulization not only 
failed in decompressing peripancreatic collections, but also 
seemed to cause major hemorrhage and death. Hubbard et 
al? has emphasized the need for reflecting the left colon 
and completely draining the retroperitoneum in patients 
with contiguous pancreaticocolonic abscesses. Corlette and 
Lyneh" reemphasized the earlier recommendation of 
Berne and Edmondson" that the triad of pancreatitis, 
abdominal mass, and rectal bleeding should indicate the 
diagnosis of pancreaticocolonic fistula. They showed that 
barium enema could be diagnostic of a fistula in almost 
90% of the cases. Occasional case reports have appeared in 
the literature in the last few years.'*'* 

Although Khan" reported spontaneous resolution of a 
pseudocyst after its rupture into the colon, the majority of 
cases of rupture and fistulization are secondary to 
pancreatic abscesses and not only do not resolve sponta- 
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neously but are associated with an increased incidence of 
colonic hemorrhage and death. A review of the literature 
shows that of amorg 42 cases of pancreatic abscess and/or 
pseudocyst extending to the transverse mesocolon and the 
paracelie gutter, eclonie fistula developed in 38%, £2% had 
massive hemorrhage, and one third died. Among these 
cases, the site of the fistula was in the transverse eolon in 
52%, in the sp enic flexure in 36%, and in the deseending 
colon in 8%. Ne mention of the exact fistula site wes made 
in two cases (4%). 

The developmen: of colonic fistula is usually uncommon 
during the initial attack of pancreatitis; it is rather 
associated with a protracted course of the disease. This 
suggests that the pressure effect of an enlarging abscess, 
perhaps associated with bacterial invasion, causes necrosis 
of the colon. Enzymatic digestion of colon wall probably is 
not the primary event. Direct involvement of the vascular 
supply of the color by a pseudocyst (especially the trans- 
verse colon and the splenic flexure) may also cause colonic 
necrosis. Thrombosis of the middle colonie blood vessels 
and colomic vascukhir arcades were shown in one of the 
resected specimens as well as in one of the postmortem 
cases in our series | 


Treatment 


The treatment cf these various complications rests on a 
high index of suspicion. Potential colonic comp ications 
must be kept in mind whenever pancreatitis is s2vere or 
prolonged and especially when a pseudocyst or abscess 
develops in the body or tail of the gland. Ultrasonography 
and contrast studies of the GI tract should be performed to 
define a potential colonic lesion. Because of the relation- 
ship of pancreatie abscess, colon necrosis, or fistalization 
and bleeding, we recommend early intervention whenever 
an abscess is shown or suspeeted. When operative interven- 
tion is undertaken for a pancreatic abscess or pseudocyst, it 
is imperative to widely drain all retroperitoneal extensions 
of the inflammatery process to prevent potential colonic 
complications. If a colonic fistula is identified at che time 
of an emergency celiotomy, the colon should be resected 
with a proximal colostomy and distal mucous fistula. 
Simple proximal diversion may be undertaken i? colonic 
resection cannot be safely accomplished. In the latter 
situation, parenteral hyperalimentation must be undertak- 
en to prowide a positive nitrogen balance before resection 
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or closure of the colostomy is attempted. The fistula itself — 


may spontaneously close when the patient receives therapy 
with hyperalimentation. When massive hemorrhage 


occurs, resection of the fistulous communication, proximal | 


colostomy, and wide drainage of the retroperitoneum is 
urgently needed. As bleeding is associated with high 
mortality (73%), earlier recognition of a colon fistula and 
operative intervention may prevent the occurrence of 
hemorrhage and reduce the mortality. 

Delayed sequelae of colonic fistulization, ie, pancreatico- 
colocutaneous fistula, can be diagnosed by barium enema 
examination and sinogram studies and treated surgically 
on an elective basis. Additional hollow viscus interconnec- 
tion (stomach or small bowel) can be managed at the same 
setting. 
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WHERE IT HURTS 


THE STIMTECH POSTOPERATIVE 
PAIN MANAGEMENT SYSTEM CONTROLS PAIN 
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As a surgeon, pain 


and body, . : P [ri 

Many surgeons have solved this problem by using 
the Stimtech Pain Management syslemasa 
supplement to drugs in treating post-op pain. 

By using the proven technique of relieving pain — 
through Postoperative Sti mulation, you can reduce the 
drug intake of patients.! So they'll be more alert and 
responsive to post-op treatment. That can often lead 
to an earlier release from the hospital. And Hymes, et 
al., demonstrated that incidences of postoperative 
complications (ileus, atelectasis} were reduced when 
using Postoperative Stimulation? — | ye 

The Stimtech Pain Management System is simple to 
administer. The system consists of a Stiratech stimulator, 
lead wires and Stimflex™ sterile post-op electrodes. 


Hundreds of hospitals, clinics and medical profes- 
sionals all over the country have proven the effective- 


ness of Stimtech Pain Management Systems in _ UR 
treating pain. | ae See 
Now prove it to yourself. Call or write Stimtech today, 
We'll arrange a 21-day trial of a Stimtech Pain Man- 
agement System at no expense or obligation to yOu. 


| MERGE NEM S 
Simtech. Inc.. 9440 Science Center Drive, Minneapolis, Minnesota 55428, (612) 535-0255 Telex: 290347 


FOOTNOTES: * ie ror-oduotion for the Controi of Postoperative Pain andMuscie Spasm”: Bouios, M. et al , Current Concepts in the Management of Chronic Pain, Leroy P L.Ed Symposia Soe 
Cidiists, Mami, FL. 1977 2 "Eiectncol Surface Stirnuiction for Treatment and Prevention of feds and Atelectasis, Hymes. et al. Surg Forum, Voi XXV. 1974 Caution: fecera! lowi UUSA restricts this 
dence tosaleoy- or on Pie onder of. o physician. Wamings: For extemal use enly. TENS devices can affect the operation of cardiae pacemakers: not recommendecdi for use by patients with known 
MYOCON eH! disease oO Grhyitmias. without physician evaiuation: Do not stimulate the eye area Donot stimulatd overthe carotid sinus nerves, laryngeal or pharyngeal muscles. Do not allow chil 
dren to eperots TENS dewica: without adequate aduit supervision. Avoid abrupt changes of stimulator controls while operating Gangerous mac hinery. T : Absolute contraindica- 
"ons howe not been established. Precautions: Safety of stimulation has not Deen established dusing pregnancy or delivery. Exercise caution when stimulating facia! areas: Do not stimulate eye 
area STIMTECH® Stimuicars shouid onivibe used with electrodes and accessories provided by Stimtech. inc. Use the STIMTECH® Stimulator only for that pain problem for which it is prescribed. Turn 
the shirrezator power of-before removing or applying electrodes. Side Effects: Possible skin imitation beneath or oround.eiectrode sile..If skin imitation occurs. consult. your physician 
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Duodenal Ulcer 
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Its Treatment by Parietal Cell Vagotomy at the 


Time of Cardiovascular Operation 


Ferenc L. Korompai, MD; Ronald H. Hayward, MB, ChB; Paul H. Jordan, MD 


e The existence of duodenal ulcer disease constitutes a 
potential threat during the recovery that follows any major 
operative procedure. At the time of cardiovascular operations, it 
would be desirable to treat the coexisting duodenal ulcer disease 
with a definitive ulcer operation if it could be done without 
entering the gastrointestinal (Gl) tract, thereby eliminating the 
risk of graft contamination. Parietal cell vagotomy with pyloro- 
plasty meets these conditions. During an 18-month period, 309 
patients underwent cardiovascular procedures; ten underwent 
parietal cell vagotomy at the same time for treatment of duodenal 
ulcer. None of the patients experienced GI complications or the 
development of any other operative complications referable to 
the gastric procedure. Parietal cell vagotomy for active duodenal 
ulcer disease seems to be eminently suited as a companion for 
cardiovascular procedures that must be expedited. 

(Arch Surg 114:1004-1005, 1979) 


he existence of duodenal ulcer disease constitutes a 

threat following any operative procedure, including 
cardiovascular operations. In the eight months before this 
review period, we performed 104 consecutive cardiac and 
abdominal aortic procedures. In three of these cases a 
bleeding or perforated duodenal uleer developed that 
required another operation. It therefore appeared desir- 
able to treat patients with coexisting duodenal ulcer 
disease with a definitive uleer operation at the time of the 
vascular procedure if it could be done without risk of 
contamination resulting from entering the gastrointesti- 
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nal (GI) tract. Parietal cell vagotomy without pylcroplasty 
meets this criterion. According to previous experience, ^ 
the morbidity of parietal cell vagotomy has been low and 
the recurrence rate after five years is 6%. These results 
suggested that this operation was an ideal procedure to 
perform in conjunction with the vascular operation. 


PATIENTS AND METHODS 


Of 309 patients who underwent cardiovascular procedures in an 
18-month period at Scott and White Memorial Hospital Temple, 
Tex, parietal cell vagotomy was performed concomitantly in ten. 
who had duodenal ulcers. In each patient, a duodenal ulcer was 
demonstrated radiographically or endoscopically. The Table gives 
an outline o^ the cardiovascular procedures that were performed in 
conjunction with parietal cell vagotomy. After completion of the 
cardiovascular procedure, parietal cell vagotomy was done accord- 
ing to the technique described previously.’ 

When parietal cell vagotomy accompanies an abdominal aortic 
procedure, no additional maneuver is required for exposure. When 
it is combined with median sternotomy, the lower portien of the 
incision is extended to the umbilicus while the sternum is still 
open, provicing excellent exposure to the lesser curvature of the 
stomach and the esophagogastrie junction. Depending on the 
anatomy, the left lobe of the liver may be mobilized and readily 
retracted. The vagotomy is performed after reversal of heparini- 
zation following the abdominal aortic or cardiac procedure. As 











List of Cardiovascular Operations and Those 
Accompanied by Parietal Cell Vagotomy (PCV) During 
the Review Period 
















Procedure Total Done PCV 
Coronary artery bypass 158 5 
Aortofemeral grafts 83 

Abdomine! aortic aneurysm 68 

Total 
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there is no entry into the GI tract, separation of the operative sites 
is not necessary. 

None of the patien:s experienced any major GI symptoms 
and/or any operative cemplications referable to the gastric proce- 
dure. Postoperative studies in nine patients showed resolution of 
the uleer. These patierts remained asymptomatic with respect to 
their duodenal ulcer fcr 24 to 42 months after the operation. Two 
of these patients appeared more pleased with the results of the 
incidentally done gastvie procedure than they were with the relief 
of claudication or the correction of the aneurysmal disease. 

One patient, a 79-year-old man, had a gastric ulcer develop and 
died 13 months after -he vagotomy. He underwent aortobilateral 
femoral bypass “or aortoiliac occlusive disease (with rest pain), 
incidental choleeysteetomy for cholelithiasis, and parietal cell 
vagotomy for symptomatic chronic peptic ulcer disease with an 
uneventful immediate postoperative course and was discharged on 
the tenth postoperatve day. He had been taking indomethacin 
before the operation and continued to do so subsequently. Five 
months pestope-atively, a bowel obstruction developed for which 
laparotomy was dore. At that time there was no evidence of 
gastrie or duodenal uleer disease. Thirteen months after the 
parietal eell vazotomy, without antecedent symptoms, a perfo- 
rated benign zestriculcer developed that was treated with closure 
and pyloroplasty. Shortly after discharge following this procedure, 
he was readmitted with bleeding from the gastric uleer and 
underwent z total gastrectomy as the surgeon thought that 
Zollinger-Ellisen syndrome was present. He had a complicated 
posteperative eours? and, died on the 13th postoperative day. The 
serum gastrin ievel was only minimally elevated and no pancreatic 
tumor was fouad atthe time of operation. Therefore, the diagnosis 
of Zollinger-Fllisos syndrome was not substantiated, and this 
complication may de considered possibly that of the vagotomy. 
However, it should be noted that for one year after the procedure 
he had been asymptomatic until his perforation and hemorrhage, 
and it may 5e siznificant that for years he had been taking 
indomethacin for arthralgia until the time of the perforation. 


COMMENT 


Proximal selective or parietal cell vagotomy is eminently 
suited as a companion to cardiovascular procedures because 
there is no need to enter the GI tract. It provides excellent 
treatment of duodenal ulcer and protection from the 
complications of this disease although the ultimate recur- 
rence rate will be greater than that after vagotomy and 
hemigastrectomy. In our series, there is a 10% (one of ten) 
recurrence rate that points to the need for prolonged 
further follow-up. Should ulcer disease persist or recur, the 
parietal cell vagotomy does not preclude subsequent resec- 
tional therapy. When parietal cell vagotomy is combined 
with coronary artery bypass grafts, the sternal split 
greatly facilitates upper abdominal exposure. The vagoto- 
my is performed after the heparin is reversed and before 
closure of the sternum. 

It is our conclusion that when cardiovascular disease 
needs early surgical correction in the presence of active 
duodenal ulcer disease, the latter can be controlled success- 
fully by concomitant parietal cell vagotomy. Those patients 
with a history of duodenal ulcer complications who, while 
presently asymptomatic, may have their ulcer reactivate 
under the stress of cardiovascular surgery could also be 
considered candidates for this operation. 
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Editorial Comment 


Recently, ` have been impressed with the rapid and excellent 
exposure obtainec by extending the midline abdominal incision as 
a median sternotomy (cephalad extension). This extension is 
applicable im massive liver trauma and/or injury to the suprarenal 
vena cava. Thus, he caudad version (median sternotomy extended 
into the abdomen) makes good sense to me. 

The single most important point made by the authors relates to 
the use of an operative procedure for duodenal ulcer wherein the 
GI tract need not be entered, ie, parietal cell vagotomy (PCV). This 
advantage ef PCV is obvious when considering combining cardio- 
thoracic and GI operations. In previously reported series, avoid- 
ance of entering into the intestinal lumen also has been clearly 
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shown to be advantageous, with a mortality of 0.26%. 

There are many technical details of import to be considered 
during performance of PCV. I hope that our cardiothoracic 
colleagues will seek appropriate advice when and if this combined 
procedure is to be undertaken. In addition to this advice relative to 
technique, it is important to know the latest results of PCV, 
namely, recurrence of ulcer disease. The effective nature of PCV 
remains labile, since recurrence of ulcer appears to be at the rate 
of about 10%. If the recurrent ulcer rate continues to escalate, PCV 
will not be indicated, with or without median sternotomy. 

Luoyp M. Nyuus, MD 
Chicago 
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Attempted Enhancement in Patients 
Undergoing Renal Allotransplantation 


Lack of Long-term Sensitization 


William T. Newton, D, Charles B. Anderson, MD 


è it seems timely end pertinent to review the long-term follow- 
up of four patients who were deliberately exposed befcre trans- 
plant to donor antigens in an “enhancement” protocol. Not only 
were there no adve:se effects observed, but three of the four 
patients never had en identifiable rejection episode. One of the 
successfu! allograft recipients had cytotoxic antibodies to his 
donors cells. These appear to have been cold, T- and B- 
cell-reactive antibocies of doubtful significance. Both long-term 
surviving recipients showed weakness in degree of mitogenesis 
in mixed culture of donor and recipient peripheral blood mono- 
nuclear cells whicF does not appear to be related to a macro- 
phage defect but may be related to a lack of active rosette- 
forming 7 cells. 

(Arch Surg 114:1807-1011, 1979) 


etrospective analysis of clinical human renal allograft 
data compiled by Opelz and Terasaki's group ~ from a 
number of partieipating centers has indicatec that a 
history of blood -ransfusions is related to an improved 
survival of the allograft. This observation Fas been 
confirmed by a namber of such studies," and, although 
some centers have not been able to confirm a beneficial 
transfusion effect** or have found only an indeterminate 
benefit, ^" the expected deleterious effect has not materi- 
alized. The effeet has been sufficiently beneficial to 
prompt calls for deliberate transfusions of blood even from 
the prespective donor under controlled protecols.''* 
However, many cinicians are still reluctant to expose their 
patients to WBC membranes and donor histocomoatibility 
antigens present in the transfusions in the expectation 
that their patients will be presensitized—a factor, at least 
as manifes: by tae presence of lymphocytotoxic antibod- 
ies" to a random cell panel in the pretransplamt serum, 
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frequently prejudicial to satisfactory survival of the 
grafts.'^'^ 


For editorial comment see p 992. 
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In this regard, it might be helpful to review the long- 
term outcome of four human renal allograft recipients 
described previously" who were deliberately exposed to 
lymphoid cells from their prospective living donors. The 
donor lymphoid cells were isolated from peripheral blood 
and given intravenously at two- to four-day intervals for 
three to nine weeks before the kidney transplantation 
from the specific donor. The patients also received azathio- 
prine orally each day during this time, and prednisone was 
added to the treatment after transplantation. These 
patients showed no immediate adverse effect of the 
presensitization, and three of the four never had signs of 
rejection. Only one of the four patients showed the symp- 
tom complex of an acute rejection episode. The long-term 
follow-up reported here confirms this lack of adverse effect 
and should allay some of the fears of those who are 
concerned at the outcome of the proposed pretransplant 
transfusion protocol. 


PATIENTS AND METHODS 
Patients 

The patients selected for these studies were, in general, those 
who were failing rapidly on chronic dialysis, who did not have a 
closely matched living related donor available, and for whom 
highly motivated unsolicited donors came forward. The treatment 
protocol of the last three patients was encouraged by the lack of 
apparent ill effects and possible benefit in the first case. This 
patient had two blank histocompatibility antigen loci with a 
phenotype of only HLA-A2 and HLA-B12, making it highly 
unlikely that a properly matched cadaver kidney under the 
then-current transplant protocols would be found. 

An experimental plan of donor cell injections into the recipient 
in an effort to produce either desensitization or the state of graft 
immunological tolerance, for which we have preferred Woodruff’s 
term “immunologic adaptation” but that has been more widely 
termed “graft enhancement,” was proposed. 

After two months of intermittent donor cell injections had 
failed to produce any serologic or clinical evidence of reaction in 
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the recipient, it seemed a reasonable chance that kidney tissue 
might be tolerated also. The uneventful subsequent transplanta- 
tion formed the justification for the other three human experi- 
ments. à; 

Some clinical features of the four patients are shown in Table 1. 
Patient 1 had had a splenectomy for trauma at age 7. As previously 
reported, two of the patients previously designated patients 2 and 
3 died later of causes unrelated to the sensitization. One, who 
received a kidney from a nephew with mismatches of three 
histocompatibility antigens, died 23 months after transplant, of 
multiple serial myocardial infarets over a three-week period. The 
other patient received a two-antigen-mismatched kidney from his 
brother and died 13 months later of massive peritonitis secondary 
to a perforated peptic ulcer. Management of these two patients at 
the time, subsequent review of their clinical records, and micro- 
scopic examination of graft tissue taken at autopsy have failed to 
identify any of the usual clinical signs of allograft rejection at any 
time during their courses. Serum creatinine level was only slightly 
elevated at the times of the deaths. 

The two survivors were described earlier as patients 1 and 4. The 
first patient was a 39-year-old man who received azathioprine 
orally and cell injections from his genetically unrelated donor for 
66 days beginning Dec 1, 1970, before a renal allotransplantation 
was performed. This patient has never shown evidence of graft 
rejection; eight years later, he works full-time as a programmer- 
estimator for a construction firm. He is normotensive and his 
serum creatinine level has ranged from 1.0 to 1.4 mg/dL in the 
past years. He takes 10 mg of prednisone and 100 mg of 
azathioprine daily. 

The second survivor was a 45-year-old man at the time of his 
transplant from an unrelated friend; before the transplant, inter- 
mittent lymphoid cell injections and oral azathioprine therapy 
were given over a 44-day period, with an interruption during an 
apparent intercurrent viral infection from the second to tenth day. 
What appears to have been a mild rejection episode developed 
seven days after the transplant. The episode was readily reversed 
by methylprednisolone, and the patient has had no further 
evidence of rejection in the seven years since the transplant. 
Angina pectoris developed, requiring medication, and he takes low 
doses of prednisone and azathioprine. His most recent serum 
creatinine level was 1.2 mg/dL. 

The lack of lymphocytotoxins to donor or random panel cells, as 
demonstrated by complement-mediated cell lysis on microtiter 
plates in sera of patients 2, 3, and 4 before and during the cell 
injection period and at intervals for a few weeks after transplan- 
tation, has been previously reported. In contrast, the sera of 
patient 1 had antibodies not only to cells of random panels but also 
to those of the specific donor. The sera did not react with the 
recipient's own lymphocytes. Furthermore, these donor-specific 
antibodies were found in sera taken at intervals in spite of the cell 
injections and in somewhat lower titer after transplantation. 

A modest degree of mitogenesis in mixed lymphocyte cultures 
of cells taken from patients 1 and 4 before the preimmunizing cell 
injections, immediately before the transplantation, and shortly 


afterwards has also been reported. The intensity of mitogenesis 
did not change substantially at these intervals. 


Methods 


Cell Preparations.—Cells for immunologic studies were obtained 
from peripheral blood drawn into sterile specimen tubes contain- 
ing 100 units of preservative-free heparin. Blood was diluted 1:3 
with citrate phosphate saline (CPS) (6.832 g of NaCl, 4.00 g of 
sodium citrate x 2H.0, 2.00 g of glucose, 1.23 g of Na.HPO,, 0.218 
g of KH,PO, per liter of pyrogen-free water) sterilized by 
filtration through 0.22-y filters (Millipore). One volume of Ficoll- 
Hypaque was layered beneath three volumes of diluted blood 
mixture and centrifuged at 400 g for 30 minutes. The cells at the 
gradient interface were harvested by aspiration and washed twice 
in CPS, once in minimal essential medium, and susperded in the 
medium used for the test under study, either Rosewell Park 
Memorial Institute medium 1640 (supplemented with hydroxy 
ethyl piperazine ethane sulfonic acid buffer, glutamine, and 
gentamicin) for fixed culture or McCoy’s medium for cytotoxicity 
studies. Some target donor cell aliquots were frozen according to 
standard techniques, using dimethyl sulfoxide as a cryogenic 
modifying reagent." Thawed preparations were approximately 
85% viable. 

Mixed Cell Cultures.—Stimulating cell populations were diluted 
to 3 x 10°/mL and responding cells to 1 x 10°/mL. Stimulating 
cells were subjected to 2,250 rads of cobalt 60 irradiation. Cultures 
were carried out in flat-bottom microtest plates with 100 uL each 
of the two cell populations. Fifty microliters of sterile, male, 
heat-inactivated, AB-positive human serum or autologous serum 
was added with or without phytohemagglutinin M, 2-mercaptoeth- 
anol, or other additives. After varying periods of incubation in a 
humidified 5% CO. atmosphere at 37 °C, 1 pCi of tritiated 
thymidine was added; the total volume of 300 „L was incubated 
overnight and collected on glass fiber filters, dried, and counted in 
a liquid scintillation counter. 

Cell Rosettes.—Populations of mononuclear cells from gradients 
were incubated in the cold with neuraminidase-treated, saline- 
washed sheep RBCs for five minutes, layered over Ficoll-Hypaque, 
and centrifuged to sediment active T-cell rosettes''; companion 
incubations were carried out for an additional two hours at 4 °C 
before sedimentation and counting to obtain total T-cell E 
rosettes. Preparation of T cells were isolated from the sedimented 


rosettes by brief hypotonic dissolution of the sheep erythrocytes in 


water with rapid reconstitution of toxicity by adding saline 
solution in excess. The cells isolated from above the gradients 
after rosette sedimentation were considered to be B cells. 

Serum Cytotoxicity.—Small aliquots of serum have beer taken at 
frequent intervals from patients 1 and 4 throughout the:r ccurses 
and stored in a —80 °C freezer. Recently, serial dilutions up to 
1:256 of some of the thawed serum aliquots taken st spaced 
intervals from the two patients were made, and 1-ul drops of each 
dilution were placed in the wells of microtiter test plates. Two- 
microliter donor cell suspensions (2,000 cells), prepared as already 
described, were added, and cytotoxicity was determined after 


. . D 


Table 1.—Patient Characteristics 


Duration of 
Dialysis, mo 


Patient/ Blood, 


Splenectomy 


Age, yr units 


Unrelated woman B-17, Aw-32 66 
Nephew 
Brother 
Unrelated man 


*Interrupted for eight days at outset. 
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Cell Injections 1-hr 
Biopsy 

Specimen 
Normal 
A-28, B-12, B-17 22 Normal 
A-3, B-40 22 Normal 
Aw-32, B-15 44* Not done 


—————————— 


No. x 10* Day 


Mismatched 
Antigens 
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rabbit complement was added in the technique described by Mittal 
et al^ In each reaction, a control of normal AB serum and a 
positive control of a Enown cytotoxie serum from one of our 
patients were inc'udec. Selected sera were then absorbed with 
equal volumes of the patients’ own packed, saline-washed RBCs at 
ice temperature and also at 37 °C, After completion of the 


absorption, the mixtumes were centrifuged and the supernatant 


sera were also examined for complement-dependent cytotoxicity. 
Sera, both absorbed aad unabsorbed, were reacted with T- and 
B-cell-enriched fractions prepared as noted previously. Titers were 
recorded as the reciprocal of the logarithm, to base 2, of the 
highest dilution at whieh cytotoxicity was positive. A value of zero 
represents the reaction of an undiluted serum sample, and 

nonreactive sera are dasignated NR. 

RESULTS 

Serum Cytotoxicity 

None of the 12 serum aliquots from patient 4 showed 
positive reactions to his donor's cells. On the other hand, all 
of the sera drawn before April 1972 from patient 1 were 
reactive with donor zells. The dates of acquisition of these 
stored sera and the maximum dilution showing 100% 
eytotoxieity for donor cells obtained in 1978 are shown in 










Table 2.—Seram Acquisition From Patient 1 and 
Feciprocals of Titer of Total Cell Kill 


Date b 
2/18/71 3 
3/12/71 





1/5/71 
1/12/71 1 









10/15/74 NR 


7/12/76 NR 
3/14/77 


2/4/71 6 
2/12/71 5 





1 
* A log.titer of 2 is an undiluted serum. Negative reactions are designated 
NR. 


Table 2. The reactions were repeated after absorption by 
RBCs. Absorption at cold temperatures, but not at 37 °C, 
removed all eytotoxieity for mononuclear cells taken from 
Ficoll-Hypaque gradients. The unabsorbed sera were cyto- 
toxie for both T- and B-cell type, and absorption with 
recipient RBCs at cold temperatures showed complete 
absorption of both T- and B-cell cytotoxicity. Absorption of 
the sera at 37 °C failed to remove the cytotoxicity for 
either T or B cells. Thus, cold antibodies reactive with B 
cells and also T cells were demonstrated." 


Cellular Immune Characteristics 


The absolute number of T cells in the peripheral blood of 
patient 1 was low. The total WBC counts of both patients 1 
and 4 have ranged from 3,000 to 6,000/cu mm in recent 
years. In the specimen of patient 1 (blood obtained for the 
mixed lymphocyte culture reported later), the total WBC 
count was 3,250/cu mm, of which 62% or 2,015 cells were 
mononuclear cells. Only 22% of the mononuclear cells 
separated on the gradient subsequently formed E rosettes, 
representing a calculated number of T cells of 443/cu mm. 
Also, of the total E rosettes formed after two hours of 
reaction, only 26% or 152 cells formed rosettes within five 
minutes of reaction with the neuraminidase-treated sheep 
RBCs at ice temperature and could be considered "active" 
rosette-forming cells. Both the total number of T cells and 
the relative number of "active" T cells were at the lower 
limit of normal." 


Mixed Lymphocyte Cultures 


Thymidine incorporation by cell mixtures drawn from 
recipient, donor, and an indifferent person in 1978 from 
patient 1 are shown in Table 3. The stimulation index 
(R + D,/R + R,) of recipient cells is uniformly low. The 
stimulation weakness is not totally specific for donor cell, 
since there is also weak stimulation by R + I, cultures, yet 
the recipient cells were quite responsive to the mitogen 
phytohemagglutinin. Addition of 2-mereaptoethanol in 


4 Days 


—— 


Serum 
Alone || 


Responder 


ulture* Cell Source? Stimulantt 


With Serum 


2-ME# Alone 2-ME Alone 2-ME Alone 2-ME 


RR, Recipiert Recipient cells 1,513 1,296 5,307 406 635 1,120 283 .—. Gat 


RD, Recipiert 
RI, Recipiert 


2,776 


Indifferent person 1,775 


1,366 5,997 915 
1,159 5,412 2,347 


4,305 3,635 
7,385 7,641 


2,409 
11,595 


3,595 
7,495 


R Recipient None 3,689 804 2,965 910 376 59 138 491 


Phytohemagglutinin 47,010 


4,244 


*The code refers to recipient (R), donor (D), or indifferent (I) cells. The subscript "x" refers to the fact that cells were irradicated. The à refers to the 


addition of phytohemagglutinin. 


66,826 
2,390 


81,936 
4,707 


74,351 69,442 
2,245 3,501 
15,996 31,973 


74,895 56,651 
4,067 3,221 
38,768 31,445 


76,894 
5,619 
37,699 





tOne x 10° cells isorated on Ficoll-Hypaque gradient interfaces from peripheral blood. 
{Cells irradiated with 2,250 rads of cobalt 60 irradiation, culture medium alone, or reconstituted phytohemagglutinin M. 


&Cultures cerned out in microtest trays at 37 °C in a CO. incubator. 


Fifty microliters of 3eat-inactivated serum from AB-positive human male pool. 
i Serum made to 25 x 10* M with respect to 2-mercaptoethanol (2-ME) to give final culture concentration in the 250-uL system of 5 x 10°°M. 
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Table 4.—Blocking Factors in Serum Added to Mixed 
Cultures of Cells From Patient 4 With Irradiated Donor 
and Indifferent Cells 


Tritiated Thymidine Incorporated in 5-Day Cultures 
Serum —————————————— 


Sample RR, RD, 
Normal AB 1,010 2,600 
11/31/71 eae 3,710 9,230 6,100 
12/1/71 3,700 9,140 7,250 
12/2/71 eh 6,935 2,875 7,630 


8,590 7,720 


12/13/71 2,270 4,435 8,015 


12/20/71 a 6,160 5,505 8,140 
12/23/71 ni 5,480 9,040 9,405 
12/29/71 3,920 3,285 9,120 
1/5/72 dyes 4,180 5,315 8,790 
1/10/72 BACH 5,310 4,930 6,450 
1/14/72 Es 3,290 4,715 5,630 
1/18/72 "T 4,710 6,245 7,310 
12/21/72 3,680 4,560 6,050 
Mean 4,305 5,160 7,510 


final culture concentration of 5 x 10°°M does not increase 
the stimulation to the extent that would be expected were 
there a defect of the helper macrophages required in most 
T-cell stimulation cultures. 

In another experiment, cells removed from patient 1 16 
months after transplantation showed similar results. Stim- 
ulations of donor cells harvested in 1978 from patient 4 
were slightly stronger than those by donor cells from 
patient 1. 

In experiments in 1972 and again in 1978 (Table 4), 
addition of stored sera to mixed cultures in case 4, taken at 
varying intervals in a search for blocking factors, showed 
as much as 60% inhibition of stimulation by inactivated 
donor cells. Here again, however, the effect was not 
specifie; similar inhibition was seen by addition of sera to 
cultures of recipient cells with irradiated indifferent cells, 
and this inhibition was not affected by mercaptoethanol. 
Table 4 shows the effect of the addition of various sera on 
. the incorporation of treated thymidine by mixed cultures 
of recipient cells from patient 4 with irradiated recipient, 
donor, or indifferent cells as well as cultures of indifferent 
cells with irradiated donor cells. These experiments do not 
demonstrate specific blocking factors. 

The weak stimulation seen with these recipient and 
donor cell mixtures has been noted on two other less 
complete experiments performed recently. It should be 
contrasted with the 9- to 17-fold stimulation noted in the 
previous publication for stimulation indices of recipient 
cells by donor cells harvested just before and for a short 
time after the transplantation. : 

In summary, current immunologic studies are inter- 
preted as showing that the cytotoxic antibodies in patient 1 
were of the relatively frequently found cold antibodies 
reactive with both T and B cells, and probably insignificant 
with regard to the outcome of allotransplantation.'"^" The 
mononuclear cells of the two successful transplant recipi- 
ents show a modest weakness in stimulation in mixed 
eulture that is probably unrelated to a macrophage helper 
defect or to blocking antibodies, but that may be related to 
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a loss ef active rosette-forming T cells from th2 peripheral 
blood, as noted in surviving allograft recipients by Kerman 
et al.” 


COMMENT 


If tae purported suppressive effect of whole blood 
transfusions on subsequent renal allograft rejection is to 
be emoloyed clinically, it would be comforting if the 
transfusions could be given without the development of 
lymphczytotoxins in donor sera. For serum antibodies 
demonstrated by direct lymphocytotoxicity and particular- 
ly by entibodies mediating cell-linked cytotoxicity have 
been associated by hyperacute and intense, accelerated 
rejecticns.^^* Unexplained exceptions occur?^*^'; satisfacto- 
ry clinizal transplants have been carried out in patients 
with pretransplant cross matches showing cytctoxins due 
to antibodies to B lymphocytes only'*?^* or to antibodies 
active zt temperatures below 37 °C and adsorbable by the 
recipiert's own RBCs or leukocytes, but not to platelets, in 
the cold ^'^* The antibodies in the patient described appear 
to be of the latter variety. ! 

Of persons receiving whole blood transfusions, a high 
percent.ge develop low-titer cytotoxins that usually 
persist »nly if reinforced by repeated transfus!ons.^* A 
"nonres»onder" population who either never develop cyto- 
toxins o* whose antibodies disappear and cannot be regen- 
erated Fy subsequent transfusions can be identified. It is 
in this g-oup that renal allotransplants enjoy a high degree 
of success.” 

Exper mentally, the leukocytes of the blood that are 
thought to be the sources of donor-specific artigens in 
blood transfusions that provoke antibody formation are 
relativel? inefficient immunogen sources when isolated 
from bicod or lymphoid tissue. This has been known for 
some time to be the case," particularly if the cells are 
administered intravenously. In fact, experimertal intra- 
venous |7mphoid cell administration has been almost as 
likely to -esult in a state of immunologic enhancement with 
inereasec resistance of tissue grafts to rejection as a state 
of hypersensitization. The considerable body of experimen- 
tal evide ce bearing on this point has been summarized in 
the two previous reports of attempts to produce active 
enhancement in man‘ and in the discussion of a recent 
experimental study." 

Information regarding the specific test of the effect of 
deliberat- donor lymphoid cell administration in human 
case material is limited. Batchelor et al presented a case 
of a young renal allograft recipient of his mother's kidney 
who was -reated at the time of operation and at intervals 
for week: thereafter with F(Ab’), fragments of immune 
globulin raised in the boy's father to maternal leukocytes. 
This chilc survived three months before immuncsuppres- 
sive drug: had to be given. The transfer of enhancement of 
antibody fragments attempted by the British group is 
technicall7 a passive enhancement. In association with 
Reekers, 3atchelor has studied an additional 12 patients 
treated ir this fashion and has concluded that the proce- 
dure had little if any benefit over standard means of 
transplan-ation. Since the benefit was limited and the 


Renal Allotransplantation—Newton & Anderson 


possibility cf a deleterous sensitization at some remote 
point in time is real, the procedure has been shelved at that 
institution J. R. Batchelor, MD, written communication, 
September _978). 

Monaco et alf reported an attempt at induction of active 
enhancement by administration of cadaver donor bone 
marrow cells intravenoasly 25 days after transplant to the 
recipient of the renal allograft from the cadaver. The 
patient alse received sandard immunosuppressive drugs 
and antilymphocyte gobulin. The patient had pretrans- 
plant cytotoxic antibedies to as many as 68% of the 
members cf a random cell panel, but studies of these 
antibodies or of donor-specific antibodies in the subse- 
quent clinical course were not reported. Attempts to 
demonstrate cel- mediated immunity and to demonstrate 
serum-blecxing factors were made in Kahan's laboratory 
seven months after trensplant but were unsuccessful. This 
patient cied of a perforated sigmoid colon diverticulum 
eight merths efter ransplant. The renal allograft at 
autopsy showed little »vidence of rejection. 

Freis et ai, in discession of experimental canine exper- 
iments mention, n passing, a patient given bone marrow 
cells 15 amd 21 days cfter a renal allograft in association 
with admmistration of azathioprine and antilymphocyte 
serum. Renal function was normal four months after 
transplan-, but resul.s of immunologic studies were not 
reportec. 

R. N. F re, MD (oral communication, December 1977) at 
Los Angeles Chi'drer’s Hospital, observed a recipient of a 
renal allograft from = related donor who had also been the 
source cf two of the datient’s several pretransplant whole 
blood tramsfusions. Immunologic studies were not 
performed, and sign. of chronic rejection developed. 

The elear-cct clincal outcome of the St Louis cases, 
reinforeed by immunologic studies and the overwhelming 
weight o^ expermmertal evidence on induction of enhance- 
ment in animals, previde some support for the potentially 
dangerous approach of those who advocate careful well- 
monitored elirical tmals of deliberate transfusions in indi- 
viduals awaiting cadaver renal allografts, and show that 
hypersemsitization Goes not necessarily occur. 


This investigation was supported in part by a Research Service grant 
from the Veterans Admi-istration. ' 
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Punercalitil Associated With 
Thiazide Administration 


A Role for the Parathyroid Glands? 


Jack Pickleman, MD; Francis H. Straus II, MD; Edward Paloyan, MD 


è Twenty-one o: a tctal of 72 patients with acute pancreatitis 
admitted to a university hospital over a three-year period were 
found to have "idiopathic" pancreatitis. Of these, six nonalco- 
holic patients without eallbladder disease were receiving one of 
the thiazide diuretics prior to the onset of pancreatitis. Three 
patients taken from am earlier series likewise had pancreatitis 
associated with thiazmde administration and at the time of. 
autopsy harbored parathyroid hyperplasia. It is suggested that 
both the parathy-oids and the pancreas may be affected by 
thiazide administration, and that a history of ingestion of these 
drugs should be sought in patients who have idiopathic pancrea- 
titis. 

(Arch Surg 114:1012-1016, 1979) 


n this country, the usual causes of acute pancreatitis are 
long-term zlcoh»l abuse or the migration of gallstones 
into the commen bie duct. In a recent review of patients 
with acute pancreatitis treated at the Loyola University 
Medical Center, Meywood, Ill, we were impressed by the 
fact that a d sprcportionate number of patients with 
pancreatitis did no- belong to either of these groups and 
were thus discharged from the hospital with the diagnosis 
of “idiopathic” panereatitis. Analysis of this group showed 
a number of patients who were receiving one of the 
thiazide diuretics “or the control of hypertension. This 
study was carried out to clarify this association and to 
attempt to ascertain the pathogenesis of this pancreatic 
disorder. 


METHOD 


The charts of all patients with the diagnosis of acute pancreati- 
tis who were admitted to the Loyola University Medical Center 
during a three-year period between 1975 and 1978 were reviewed. 
Alcohol abuse was aecepted as the probable cause if the patient 
gave a history of lorg-term excessive intake or a recent bout of 
heavy drinking preceding the acute attack. Furthermore, each 
patient classified as having alcoholic pancreatitis had a normal 
oral choleeystegram end normal results of serum calcium, phospho- 
rus, and lipid determ nations after the attack subsided. Gallstones 
were aceepted as the probable cause if stones were demonstrated 
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on oral cholecystogram or at the time of operation, and if the 
patient had none of the other factors known to be associated with 
pancreatitis. Patients were classified as having idiopathic 
pancreatitis if they had no history of alcohol abuse and also had a 
normal oral cholecystogram and normal serum calcium, phospho- 
rus, and lipid levels after resolution of the acute attack. 


RESULTS 


Seventy-two patients with acute pancreatitis were 
admitted to the Medical Center during this three-year 
period. Of these, 28 patients had pancreatitis related to 
aleoholism and 17 had pancreatitis related to gallstone 
disease. None of these patients were taking any of the 
thiazide diuretics. Of interest in the group with gallstones 
was the finding that only two of the 17 patients had stones 
demonstrated in the common bile duct at the time of 
laparotomy. Six patients had miscellaneous causes of their 
pancreatitis, as follows: two from peptic ulcer, two from 
trauma, one from mumps, and one familial. Twenty-one 
patients had idiopathic pancreatitis. Of this group, six 
patients were receiving one of the thiazide diuretics for 
varying periods of time, as follows: 21 days, 30 days, 34 
days, 90 days, nine months, and five years. In addition to 
administration of thiazide, patients in this group were also 
receiving methyldopa (one patient), an ergot preparation 
(one patient), and diazepam (Valium) and digoxin (one 
patient); none of these drugs have been reported to be 
causally related to acute pancreatitis. The indication for 
treatment in all patients was hypertension, and no patient 
had any other important disease. The clinical course of 
these groups of patients with pancreatitis did not seem to 
vary in terms of duration of illness and length of hospital- 
ization, and there were no statistically valid differences in 
the incidence of complications of pancreatitis, such as 
pseudocyst, abscess, and death, between the three groups. 
Likewise, the biochemical values of the disease did not 
differ, with the exception of the serum amylase level, 
which was significantly higher (P < .01) in the group with 
gallstones (1,046 IU, average) than in either the group with 
alcoholism (586 IU, average) or in patients treated with 
thiazide (725 IU, average). One patient receiving thiazides 
died of hemorrhagic pancreatitis, and no autopsy was 
performed. One other patient survived after performance 
of laparotomy and drainage of a pancreatic abscess. All 
five survivors in the group treated with thiazides have 
manifested neither further pancreatitis nor calcium or 
phosphorus abnormalities on follow-up after a period rang- 
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ing from one month to 3% years. In addition to these six 
patients, three other subjects receiving long-term therapy 
with thiazides taken from an earlier series of patients with 
acute pancreatitis died and underwent postmortem exami- 
nation. Severe hemorrhagie pancreatitis was demon- 
strated, along with hyperplastic and adenomatous changes 
of the parathyroid glands in each patient. In none of the 
other subjects from this series who underwent autopsy 
were parathyroid abnormalities observed. 


REPORT OF CASES 


Case 1.—A 73-year-old woman was admitted to the hospital with 
a two-hour history of severe epigastric pain, nausea, and sweating. 
The patient had suffered from angina for one year and was 
treated with a thiazide diuretic and nitroglycerin. She did not 
drink alcohol. One week before her hospital admission, she had had 
severe, constant chest pain for a period of several hours. 

On admission, her temperature was 36.3 °C. Her pulse rate was 
92 beats per minute, and her blood pressure was 140/70 mm Hg. 
Auscultation of the heart was normal. The abdomen was tender 
only in the epigastrium. No organs or masses were palpable and 
bowel sounds were absent. A WBC count was 8,000/cu mm. 
Hematocrit level was 46%. Serum electrolytes, BUN, and creati- 
nine levels were normal. Serum amylase level was 3,000 IU. Serum 


calcium level was 9.2 mg/dL and phosphorus level was 2.6 mg/dL. 


An ECG demonstrated sinus bradycardia with nonspecific ST-T 
wave changes. The patient was treated with intravenous fluids 


and nasogastric suction and her condition seemed to improve. 


However, less than 24 hours after her admission, she died suddenly 
during a positive-pressure breathing treatment. Postmortem 
examination showed severe hemorrhagic pancreatitis with asso- 
ciated fat necrosis. The gallbladder was normal. There was an old 
and recent myocardial infarction with a left ventricular rupture 
and cardiac tamponade. Three enlarged parathyroid glands were 
identified, which weighed a total of 280 mg, more than twice the 
normal weight (Fig 1). One gland showed great amounts of fat and 
contained a small marginal transitional cell adenoma (Fig 2). The 
other two glands showed 30% and 10% fat, respectively, and both 
contained prominent nodules of oxyphil cells and vacuolated 
transitional cells (Fig 3). This case represents a mixed picture of 
parathyroid adenoma and hyperplasia. 

Case 2.—A 62-year-old man entered the Medical Center with a 
one-day history of generalized abdominal pain. He gave no history 
of prior excessive alcohol use and had been under the care of a local 
physician for hypertension and an enlarged heart. He had been 
treated with hydrochlorothiazide for approximately one year. 

The patient’s pulse rate was 100 beats per minute. The blood 
pressure was 150/90 mm Hg, and the temperature was 37.4 °C. His 
abdomen was distended, with rigidity and tenderness on the right 
side. The bowel sounds were absent. A WBC count was 42,000/cu 
mm. Serum electrolyte levels and results of liver function tests 
were normal. Serum amylase level was 140 IU. Serum calcium level 
was 9.3 mg/dL, and serum phosphorus level was 4.0 mg/dL. 

An exploratory laparotomy was carried out, which disclosed 
severe hemorrhagic pancreatitis and no other abnormalities. The 
abdomen was closed without drainage. Postoperatively, the 


patient’s serum amylase level rose to 450 IU, and the urine 
amylase level to 55,000 IU per day. The serum calcium level 


remained stable, whereas the serum phosphorus level decreased to 
24 mg/dL. The patient's condition gradually improved over the 
next two weeks, except for the development of left lower lobe 
pneumonia. Seventeen days after admission, his abdomen once 
again became distended and tender. He gradually became less 
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Fig 1.—Three enlarged parathyroid glands weighing 280 mg (case 
1). Small but distinct adenoma is evident in upper left. Two 
remaining parathyroids are hypercellular, with prominent oxyphil 
nodules (hematoxylin-eosin, x 10). 


responsive, went into shock, and died 21 days postoperatively. 
Autopsy findings showed extensive hemorrhagic pancreatitis, 
with 2,000 mL of peritoneal and retroperitoneal hemcrrhage. The 
gallbladder was normal. Three parathyroid glands we-e identified 
and were approximately three times normal size. On histologic 
examina: ion, they uniformly exhibited small amounts of mature 
fat, being made up almost entirely of chief cells and Hood vessels 
(Fig 4). Diminished numbers of oxyphil cells were evident 
throughout all glands. These findings represent »arathyroid 
hyperplasia. 

Case 3.—A 45-year-old woman was admitted to the Medical 
Center after a six-week hospitalization elsewhere. Her aistory was 
importan: in that she had suffered from hypertensicn and had 
taken one of the thiazide diuretics for one year. She did not drink 
alcohol, nor did she give any history compatible with gallstones. 
During her prior hospitalization, the patient had hai constant 
abdomina! pain and distention, with periods of anuria and inter- 
mittent ecnvulsions. On admission here, her temperatu-e was 36.5 
°C, her pulse rate was 108 beats per minute, and blood pressure 
was 220/110 mm Hg. Her abdomen was severely distended and 
diffusely tender, with no bowel sounds. Results of WBC count was 
10,500/cu mm and hematocrit level was 34%. Results of liver 
function tests were normal, with the exception of a prothrombin 
time of 16 s, with a control of 11.2 s. Serum amylase level was 988 
IU, and serum calcium level was 8.8 mg/dL, with a phosphorus 
level of 21 mg/dL. A chest roentgenogram disclosed a l»ft pleural 
effusion. During the patient's hospitalization, an epigastric mass 
developed. Due to a persistently falling hematocrit level, an- 
exploratory laparotomy was performed, which showed two large 
pancreatic pseudocysts with fat necrosis throughout the abdomen. 
A cystgastrostomy was performed with drainage of the retroper- 
itoneum. Subsequently, the patient had massive bleeding from her 
cyst, which ceased after multiple transfusions. However, she 
showed signs of progressive sepsis and cardiopulmona-y decom- 
pensation and died seven days postoperatively. 

Results cf postmortem examination disclosed a large irregular 
branching pancreatic pseudocyst that extended laterally into the 
retroperitoneum and into the abdominal cavity, which was filled 
with bloody fluid. Intra-abdominal fat necrosis was present. The 
gallbladder was normal. Three parathyroids were identified; one 
was of normal size, whereas the others were roughly twiee normal 
size. All giands showed diminished amounts of fat, and few 
oxyphil cells were present in any of the three glands (Fig 5). These 
findings represent parathyroid hyperplasia. 
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Fig 2.—Small transitional cell adenoma (case 1), with adjacent 
normal parenchyma (Fematoxylin-eosin, x 100). 









Fig 4.—Three normally sized hypercellular parathyroid glands 


(case 2) representing parathyroid hyperplasia (hematoxylin- 
eosin, x 8.5). 


COMMENT 


This review disclosed the expected preponderance. of 
patients with underlying gallstone disease and alcoholism. 
However. it was surprising to note that 21 of the 72 
patients (29%) were discharged from the hospital with a 
diaznosis of idiopathic pancreatitis. Closer inspection of 
this group diselosed that six of these patients were receiv- 
ing one of the thizzide diuretics. Several recent reviews of 
-acute pancreatitis noted a substantial increase in idiopath- 
ic pancreatitis, and it is likely that some of these cases were 
in reality induced oy drugs.’ Prior to 1978, there were only 
16 cases of panereatitis associated with therapy with 
thiazides in the combined English-, German-, and Japa- 
nese-languege medical literature.' However, two separate 
reviews show a definitely increased incidence of acute 
panereatitis in petients receiving long-term therapy with 
diureties, especialy those receiving thiazides.** This type 
of panereatitis seems to be indistinguishable from the 
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Fig 3.—Another representative parathyroid gland (case 1) show- 
ing hypercellularity with ‘sheet of transitional cells, nodule of 





oxyphils (right), and scattered nests of atrophic chief cells in - 


between (hematoxylin-eosin, x 100). 
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Fig 5.—Representative area from one parathyroid (case 3) identi- 
fying few signet ring fat cells and crowded vacuolated transitional 
parenchymal cells, many of which form small acini with central 
colloid (hematoxylin-eosin, X 250). 
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pancreatitis of other causes, with a similar clinical course 
and complications noted. Indeed, the only difference noted 
in our major etiologic groups was the much greater eleva- 
tion of the serum amylase level in the group with gall- 
stones, a finding noted in other series of patients with 
pancreatitis.’ Also of interest was the demonstration of 
eommon bile duct stones in only two of 17 patients with 
gallstone-induced pancreatitis. It is generally believed that 
stones in the common duct are necessary to produce 
pancreatitis, but that they usually pass spontaneously and 
are only uncommonly recovered at the time of common bile 
duct exploration.*^ 

In the only published experimental study on the effects 
of thiazides on the pancreas, Cornish and co-workers" 
demonstrated that in 7.1% of 300 mice given oral chloro- 
thiazide, inflammation and necrosis of the pancreas devel- 
oped after 180 days of drug administration. These authors 
also reported the development of elevated serum amylase 
levels in ten of 20 patients receiving thiazides for the 
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control of hypertension. These abnormalities were not 
accompanied by any symptoms and were rapidly reversed 
with cessation of the therapy. Results of serum calcium and 
phosphorus determinations were not reported in either the 
experimental or the clinical parts of this study, so that no 
statement could be made concerning parathyroid function. 
Cases of acute pancreatitis associated with thiazide admin- 
istration have been reported by several authors.''^ ^ Several 
of these cases proved fatal and, in one, parathyroid hyper- 
plasia was noted at the time of autopsy." 

It is well known that patients with primary hyperpara- 
thyroidism are subject to an increased incidence of acute 
pancreatitis,'*'* and it is possible that our three postmor- 
tem subjects had primary hyperparathyroidism and subse- 
quent acute pancreatitis. However, in view of the fact that 
none of our patients taken from the current series has 
developed any calcium or phosphorus abnormalities or 
recurrent pancreatitis, we believe that a more reasonable 
explanation lies in the capacity for thiazides to affect both 
the parathyroids and the pancreas. The relationship 
between thiazides and parathyroid function has been 
investigated. Paloyan and co-workers" have described a 
series of six hypertensive patients receiving long-term 
therapy with thiazide, in whom hypercalcemia or hypo- 
phosphatemia developed and who at the time of operation 
harbored hyperplastic or adenomatous parathyroid glands. 
None of these six patients had any of the common clinical 
stigmata of hyperparathyroidism, and all six were cured of 
their biochemical abnormalities by subtotal parathyroidec- 
tomy. None of these six patients disclosed any evidence of 
pancreatitis. Thiazides are also known to cause hypercal- 
cemia, but the pathogenesis of this effect is unclear.” A 
series of dogs have been reported in whom hypercalcemia, 
hypophosphatemia, and parathyroid hyperplasia developed 
after long-term thiazide administration." However, these 
results are difficult to reconcile with the fact that thiazide- 
induced hypercalcemia in man has been reported to occur 
in the hypoparathyroid state treated with vitamin D.” The 
other effect of thiazides on caleium metabolism, namely 
the production of hypocalciuria, does seem to be mediated 
by parathormone and requires the presence of functioning 
parathyroid glands. 

Therefore, it seems possible that the acute pancreatitis 
associated with administration of thiazide may be accom- 
panied by parathyroid hyperfunction. It is also possible 
that thiazides directly affect the pancreas, causing a 
hypersecretion of glucagon, a hormone that induces hypo- 
calcemia and that has been implicated as a stimulus to 
parathyroid hyperplasia. This theory concerning the 
hypersecretion of glucagon is supported by the finding of 
hyperglycemia and glycosuria in some patients receiving 
thiazide derivatives." The hypocalcemic effect of glucagon 
probably results from increased calcitonin secretion from 
the thyroid gland with resultant hypocalcemia, and this 
would in turn be expected to act as a stimulus to parathy- 
roid hyperfunction and hyperplasia.” 

Thus, it seems probable that various drugs, including the 
thiazide diuretics, may be associated with acute pancreati- 
tis and should be considered as a potential cause in those 
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patients in whom gallstones and alcoholism have been 
ruled cut. In such patients, the administration of the drug 
should be stopped, and an alternative drug ased in the 
future. Such patients should also have subsequent monitor- 
ing of their serum calcium and phosphorus levels to detect 
any persistent parathyroid hyperfunction. 


Nonproprietary Name and Trademark of Drug 
Methy!dopa—Aldomet. 
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Summary of Clinical Data, as s me 25,1978. 


Operation type 


Above-Knee 
Fem- pop 
Fem-fem 

Po p-segmtl 
Aorta-pop - 
Aorta-fem 
Axil-fem 
Axil-bifem 
Aorto-iliac 
Fem-profunda 
Axil-pop 
Iliac- fem 
Iliac-pop 
Others 

Group Totals 


fom Erie 
Fem-ant-tibial 
Fem-post-tibial 
Fem-peroneal 
Aorta-ant-tib 
Ileo-post-tib 
Ileo-pop 
Fem-dorsalis ped 
Aorto-dist pop 
Iliac ant-tib 
Axil-dist-pop 
Iliac-dist-pop 
Pop-post-tib 
Other 

Group Totals 
Cross-over Grafts 
Fem-fem 

Fent pop 
Fem-profun da fn 
Axil-fem 
Fem-distal pop 
Others 

Group Totals 
Composite Gra 
C-fem-distal-pop 
C-fem-ant-tib 
C-fem-post-tib 
C-fem-peroneal 
Group 

AV Fis 

Forearm 

Upper arm 

Arm 

Leg | 
Group Totals 
Pulmonary Grafts 
Aor ta-pulm shunt 
Pulm reconstrts 
Subclav-pulm 
Group Totals 
Other Arterial Grafts 
Renal artery 
Axil-axil 
Carot-subclav 
Aorto-coronary 
Aorto-renal 


Totals, All Operations 


Number 
Implanted 


Number 


Patent 
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In 1977, we said: "It is time 
to consider GORE-T=X reinforced 
polytetrafluoroethylene (PTFE) 
vascular grafts as a viable alterna- 
tive to saphenous vein autografts! 

Has experience borne out that 
claim? Let’s take another look. 


The GORE-TEX’ 
reinforced PTFE graft 
works. 


If anecdotes were data, 
we'd have no troubie proving 
this point. Most surgeons wao 
have used our grafts are high in 
their praise. 

It is, in the majority opinion, 
the first such graft to come close 
to the promises made for it. 

It is, according t0 observations 
and recent in vitro studies, 
relatively thromboresistant. And, 
when a thrombus forms, it is easy 
to de-clat. 

It is, according to theory but 
not yet confirmed >y data, less 
likely to present embolism prob- 
lems later. (^ thin. stable intima 
forms. Whether it’s a neointima, 


pseudointima, or true endothelium 


is open -o debate—but the thin- 
ness is the key to logic of 
the thecry.) 

It is, in its reinforced form, 
much more resistant than other 
versions ef expanced PTFE to 
aneurysma] dilatation. It has high 
radial or bursting strength and 
high suture-holdi 3g power. 

Anc it is easy to handle and 
use. Urlike wovea or knitted 
grafts, it will not ravel or 
fray. And it does not require 
pre-clorting. 

But is it, zs we stated earlier, 
a viable alternative to the 
saphenous vein? 

Yes if. 

Yes if there is no vein 
available. 

Yes, if the vein is “borderline! 
either =n size or condition. 

Yes, if the patient's condition 
is such that « prclonged exposure 


to anaesthesia, or even to the delay 
in providing the vein, is critical. 

Yes, if there is the likelihood 
of cardiac surgery, for which the 
saphenous vein should be saved. 

Given those indications, the 
GORE-TEX graft is, indeed, a 
viable alternative to the saphenous 
vein. But unless those conditions 
exist, prudence and experience 
make the saphenous vein the graft 
of choice. 
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Arteriogram of a GORE-TEX polytetra- 
fluoroethylene graft during flexion of the knee. 


The problem 
a pan 


As of September 25, 1978, 
there wer? approximately 
60,000 GORE-TEX vascular graft 
implants, with over 6,000 follow 
ups. The overall patency rate 
was 8796. 

Those data, sliced into what 
we hope zre useful pieces, are 
presented in Table at left. 

A close look at the data will 
reveal ons problem: average 
follow-up times. 

They're too short. 

The problem is two-fold. 

First, we are, of course, 
depender: on the voluntary coop- 
eration o: surgeons for our follow- 
up data. And we know that if you 
were to provide all the data that 


all manufacturers wanted, you 
would have to spend all of your 
hours filling out follow-up forms. 
And, of course, even if you had the 
time, you can't keep up with all 
patients over a period of years. 
The second part of the 
problem is statistical. The use of 
GORE-TEX grafts is increasing so 
rapidly that we will, for a long 
time to come, have a far greater 
number of recent implants than 
of old ones. (For every GORE-TEX 
graft implant used three years ago, 
there are almost 100 used today. 
Our current reported rate-of-use is 
approximately 5,000 per month.) 
This necessarily skews our 
data average toward the more 
recent history. Which is also true 
for a life table method of data 
presentation. Even though the 
maximum experience reported in 
each category is in the two-to-three 
year range, the weighted averages 
are more like two-to-three months. 


More data. 
More problems. 
Some suggestions. 


On the last page of this 
advertisement, you'll find a bibli- 
ography of published experimen- 
tal and clinical reports on the use 
of GORE-TEX vascular grafts, and 
a coupon for your convenient use. 

One problem is that we know 
the list is not current. Additional 
papers are always being delivered, 
and published. If you would like 
us to keep you up-to-date as new 
reports appear, check the appro- 
priate box on the coupon. 

A more basic problem with 
these data, and ours, and all 
vascular statistics is the lack of 
uniformity in reporting. We're 
supporting efforts to establish 
some profession-wide protocols 
begun with a symposium at the 
1978 meeting of the American 
College of Surgeons. If you have 
any suggestions at all, we'd appre- 
ciate them. Just write to us. 





GORE-TEX” 
vascular grafts, 
in brief. 


GORE-TEX vascular 
grafts are made of expanded, low- 
density polytetrafluoroethylene 
(PTFE), reinforced by a strong, 
fine lattice of the same material 
wound about the exterior. 

GORE-TEX vascular grafts 
are easy to handle, with excellent 
resistance to kinking. And they 
exhibit high suture-holding 
power. They are, of course, fully 
biocompatible and, unlike 
knitted or woven prostheses, do 
not require pre-clotting. 

GORE-TEX vascular grafts 
for vascular surgery are available 
in a wide range of diameters. 

See next page for free 
GORE-TEX graft test-pack and 
complete bibliography, available 
as reprints. 


Free test-pack, 
reprints. 


Submit the handling and 
suture-holding characteristics 
of GORE-TEX grafts to the most 
meaningful test equipment: your 
own hands. Our test kit, not 
intended for actual surgery, 
includes a short length of a 
GORE-TEX graft and a 6-0 
double-armed suture. Try it for 
yourself. Also, take your choice of 
reprints of any of the experi- 
mental, clinical, and engineering 
reports listed. 
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and 
Contraindications. 
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To sterilize: k 

Grafts may be sterilized using steam, gas 
or flash autoclave techniques. Remove the 
graft from the PVC blister tray and 
repackage for sterilization. Do not place 
the package label in contact with the graft 
during sterilization. Do not place objects 
on the repackaged graft during steriliza- 
tion. (See Contraindication #5, 6) 

Using steam, autoclave at or above these 
minimum requirements: 250? Fahrenheit 
(121? Centigrade) for 20 minutesat 15 p.s.i. 
Grafts should never be exposed to 
temperatures greater than 482° Fahrenheit 
(250° Centigrade). 7 
Using a flash cycle, sterilize at or above 
these standard minimum requirements: 
270° Fahrenheit (132° Centigrade) for 
3 minutes at 30 p.s.i. Grafts should never 
be exposed to temperatures greater than 
482° Fahrenheit (250° Centigrade). 

Using gas, sterilize according to 
equipment instructions. i 


Wr aye 
3» T 
us 


Indications: | 

1. Use a 5-0 or 6-0 nonabsorbable suture 
with a cardiovascular needle “or best 
results on graft diameters of 6mm or less. 
Larger sutures may be used with larger 
diameter grafts. 

2. Intra-operative inspection of 
anastomoses using irrigant so_utions may 
result in serum leakage when blood flow 
is established in the graft. To prevent 
this, care must be taken not tc generate 
syringe pressures sufficient to force 
irrigant through the graft walls. To do so 
will alter the hydrophobic (ncn-wetting) 
properties of GORE-TEX. (See Contra- 
indication #11) 

3. Trim grafts to desired lenzth using 
sharp surgical instruments. G-afts should 
be handled with clean forceps or gloves. 
GORE-TEX grafts are not “elastic” There- 
fore, proper matching of lengths is 
essential. If the graft is cut too short, 
excessive stress may be placed on the 
sutures and the graft at the anastomosis. 
(See Contraindication #10) 

4. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are necessary, 
that needle puncture sites are spaced apart 
along the accessible sub-cutaneous length 
of the graft. Repeated needle puncture of 
the graft at the same site, or within the 
same immediate area, may cause me- 
chanical damage to the graft which could 
lead to hematoma, false aneurysm or true 
aneurysm. Patients should be carefully 
monitored to assure that this irstruction 
is followed. 

Contraindications: 

1. Do not pre-clot the graft. 

2. Do not sterilize by irradiation 
techniques. 

3. Grafts should never be exposed to 
temperatures exceeding 482° 
Fahrenheit (250° Centigrade). 

4. Do not sterilize more than three times. 

5. During sterilization, do not place 
grafts under heavy or sharp objects 
which might mos the grafts. 

6. Do not attempt to sterilize the label 
attached to the PVC blister tray at 
high temperatures, as the materials 
(inks and adhesives) on the label may 
contaminate any objects in contact 
with the label during the sterilization 


cycle. 

7. Do not handle graft with unzloved 
hands. It should be handled only with 
clean instruments. 

8. Do not attempt to resterilize any 
unused graft portion which has been 
contaminated with blood or any other 
foreign material. 

. Do not use absorbable sutures. 

. Do not cut graft while holding under 
tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX 
graft is a composite structure consist- 
ing of an inner base tube anc a thin 
outer layer which reinforces the base 
tube to prevent aneurysmal dilatation. 
Do not use any portion of a GORE-TEX 
graft which has damage to or separa- 
tion of the outer layer of the graft. 

Should the outer reinforcing layer 
become frayed at the end of the graft, 
do not pull on or peel the outer layer 
from the base tube. Carefully trim off 
the portion of the graft where :he outer 
layer is frayed. 

THO pec irrigati Mota 

ough the graft wall. so may 
result in serum leakage aiee kiload 
flow is established. 

12. Do not place grafts in any fluid prior 
to use. Doing so may result ir serum 
leakage after blood flow is established. 

13. Do not puncture the graft repzatedly 
at the same site, or within the same 
immediate area. (See Indication #4) 
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T G, 
DE. 
n" ; W. L. Gore & Associates, Inc. 
P.O. Box 1220 
Route 213 North 
Elkton, MD 21921 


Gentlemen: 
[_] Please send me your GORE-TEX vascular graft test kit. 
o Please send me the reprints and reports whose numbers 
I have circled. 
l. nt a 7. 9. 11. 13. 15. 
& 2 4. 6. 8. 10. 12. 14. 16. 


C] Please send me additional reprints as they are published. 
E Please have your representative call for an appointment. 


C] Enclosed are my suggestions for standardization of vascular 
statistics. 


Name 

Address 

City 

Hospital Affiliation 


Surgical Specialty 


. . MEDICAL OFFICERS 

. (General Surgery & Orthopedic Surgery) 
full-time, staff needed at Gorgas Hospital, a fully accredited 
300-bed, general teaching hospital operated by the U. S. 
; I Government in the Panama Canal Zone. Entrance salary is 
ADVANCED = | $39,988.95 a year or $43,524.05 a year (includes 15% 
PERIPHERAL | | at tropical differential), depending on qualifications. Must be 
` | '"IpCcEDv | | | Specialty board eligible or certified. Benefits include free 
VASCULAR SURGERY . | transportation to Canal Zone for appointee, eligible depen- 
|... | | dents and household goods; free shipment of automobile 
October 15-19, 1979 — | | from New Orleans to the Canal. Zone; approximately two 
|. | | months’ leave earned annually but subject to change after 
t AR | Sa | | October 1, 1979; round-trip transportation to U. S. place of 
A.M.A. Category | Cr edit: | | residence every two years; U. S. Government-operated 
32 Hours A wi schools from kindergarten through junior college; Govern- 
ims |. | ment-sponsored life and health insurance programs; U. S. 
| Civil Service retirement benefits; year-round tropical 
à Climate; and opportunities for economical tourist travel to 
| Central and South America, and some Caribbean countries. 
| f$ vt : Airmail Personal Qualifications Statement (SF-171), avail- 
Registrar - — |] | able in some post offices or Government agencies or resume 
/07 South Wood Street — | | to: Chief, Personnel Operations Division: Box 2012, Balboa 
Chicago, Illinois 60612 | 1[ Heights, Canal Zone; Attn: Chief, U. S. Recruitment Section: 

(312) 733-2800 ho o Gil: E e 
LU MEL P. 
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Urinary Tract Infections in 


Kidney Transplant Recipients 


Don E. Ramsey, MD; W. Tyree Finch, MD; Alan G. Birtch, MD 


e In 65 kidney transplant recipients who were followed up for a 


mean period of 14.7 months, the incidence of urinary tract 


infection (UTI), and how the incidence was affected by length of 
graft survival, age, HLA-A and HLA-B matches, complications, 
duration of Foley catheter use, and other aspects, were exam- 
ined. The total incidence of infection included an unexpectedly 
high rate of late infections. The incidence was found to be 
statistically increased with nephrectomy, splenectomy, recathe- 
terization, and age older than 40 years. There was no correlation 
noted with graft source, antigen match, graft loss, or previous 
history of UTI. A group of patients with persistent UTI was noted 
and an inability to suppress UTI with long-term therapy with 
antibiotics was found. The asymptomatic nature of most of the 
-. UTIs confirmed the need for frequent periodic cultures of urine in 
the immunosuppressed patient. 
(Arch Surg 114:1022-1025, 1979) 


ED traet infections (UTIs) occurring in patients 
receiving kidney transplants have continued to be a 
perplexing problem.’ Urinary tract infections are the 
most common infection in this group of immunosuppressed 
patients,’ are reportedly associated with severe morbidity 
in terms of sepsis,’ and have been implicated as a possible 
cause in transplant rejection." Because of these problems, 
the present study was undertaken to analyze the incidence 
and morbidity of UTI in our immunosuppressed kidney- 
transplant recipients. i: 


SUBJECTS AND METHODS 


Sixty-five consecutive patients who received 68 kidney trans- 
plants from July 2, 1973, to Nov 1, 1977, were retrospectively 


reviewed. No patient received a transplant with a UTI present or 


suspected and the results of all immediate pretransplant | cultures | 
were negative. Fifty-two patients received transplants of cadaver 


kidneys and 16 received a graft from a living relative. The mean 


follow-up period of these patients was 14.7 months. Of all the 


transplanted kidneys, 6876 were functioning at the end. of the 
study period. 

Immunosuppression consisted of the administration of 2] 
prednisone, 1.5 mg/kg/day, tapered off to 0.2 mg/kg/day, and 
azathioprine, 2.0 to 2.5 mg/kg/day. Rejection episodes were 
treated with intravenous (IV) methylprednisolone sodium succi- 
nate, the usual dosage being 1.5 to 3.0 g given over a five-day 
period. All patients had a specimen taken for culture at the time 
the Foley catheter was removed, once a week while hospitalized; 
and when followed up as an outpatient, all had a urine specimen 


Accepted for publication May 7, 1979. 

From the Department of General Surgery, Division of Transplantation, 
Southern Illinois University School of Medicine, Springfield. 
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taken fe urinalysis and culture at each visit. 

The surgical technique, as previously reported," was the same 
for the entire group of patients. All patients received prophylactic 
antibiotics for three days posttransplant. Cephalothir sodium and 
methicillin were used in all patients without an allergy to these 
drugs. At the time of surgery, a Foley catheter was p aced after a 
careful preparation with providone-iodine (Betadme) by the 
surgeon and the bladder was irrigated with 5 dL of 0.5% neomycin 
solution n- The bladder was then filled with 1 dL of 0.2% neomycin 
sulfate solution, which was left in place until just prior to the time 
the bladder was opened. A ureteroneocystostomy was used, as 

iy described," in all of these cases as the method of 
edlabitsning urinary drainage. The urethral meatus was cleansed 
dico every six hours while the catheter was in 


re 100, 0,000 dtonies A persistent UTI was defined as one 
that continued (but was not necessarily continuous) throughout a 


RESULTS 


1e 65 patiónta in (ids study, 30 réniained free of UTI. 
In 35r pa ients (54%), one or more infections deve oped, and 
in 11 (17%), persistent infections developed. Three patients 
received two transplants in this series; therefore 68 trans- 
plant : courses were examined and included 3. without 
vU. iM with infection. 


ile cms s E urine. TeS aand as infections these 


four. were > probably instances of false-positiv2 culture 
| results. ( | 


ne patient with recurrent infection with a single 
ist 1 died from an unrelated cause prior to treatment. 
plications related to urosepsis were seen in these 

five patients. 

Of the 32 patients treated, 15 (42%) had a single episode 
of infection and maintained sterile urines for the remain- 
der of thi study. Seven patients had two or more separate 

ITIs and t ten patients had either a continuous infection or 
a recurre nt infection. 

The : mejority of the UTIs (91%) were asymptomatic. 
Only six o of 65 infections had associated dysuria or fever, 
and two of these infections had both dysuria ard fever. 
Pyuria, defined as more than 50 WBCs per high power 
field, was present in only 27 (42%) of 65 infections. None of 
the infections led to bacteremia or other signs of systemic 
infection € Fig 1). 

The Pa lent s WBC count at the time of UTI was 
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FOOEPWESECH NESOYCUKCCMENERRCTUT:T Corel 7 


OF 2] . 30 40. 50 60 . 7O 


Episodes of Infection 


Fig 1.—Incidence of signs, symptoms, and pyuria in 65 cases of 
urinary tract infection 


examined and no correlation was found. Only five of 65 
infections were found to have a WBC count of less than 
3,000 (7.8%), whereas a WBC count of greater thar 12,000 
was found with only two infections (3%). 

The predominan: organism from each infection was 
tabulated and, whereas in many cases more than one 
organism was grown, only the one dominant organism 
from each infeetion was listed. The most common onganism 
was Escherichia «oli (26). There were 23 cultares of 
Streptococcus, inclading 18 of S faecalis and ten of a 
streptococci. There were a number of infections caused by 
other Gram-negative organisms and a few by staphylococci 
(Table 1). Persisteat infections where results of multiple 
urine cultures were positive for the same organism were 
counted enly once. s 

The renal disease that precipitated these patienzs' renal 
failure is noted in Table 2. As in most series, the majority 
of patients kad a diagnosis of chronic glomerulonephritis. 


There were no statistically significant differences in the - 


incidence of UTI among these various renal diseases. 
However, there was a 100% incidence in nephrectomized 
patients wita chronic pyelonephritis and polycystic kidney 
disease. | Dg" 


four weeks after -ransplantation (Fig 2). The appearance 


of a primary infection one year after transplantation was | 


unusual, but recurrent infeetions occurred throughout. 

As shown in Fiz 3, there were great differences in the 
oceurrenee cf UTI in patients who underwent splenectomy, 
infections develooing in ten of 12 patients (33%). In 


nephrectomized patients, infections developed in ten of 12. 


patients (88%). These differences were significant. 
(P = .02). a eee 

Female patients had a higher incidence of infection than 
did male patients 16 of 23 patients (71%), as oppcsed to 19 
of 42 patients (44%). This difference, however, was not 
signifieant. 

Of all tae pacients, 46% had their urinary bladder 
catheters removed on or before the second postoperative 
day. If these patients did not require recatheterization, 
they had an infeetion rate of 5.6% (2/36) within the next 
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Table 1.—Organism Causing Urinary Tract Infection 


Episodes of Infection 


——— MMMTMTM5a 


Predominant Organism Nonpersistent Persistent 


Escherichia coli 8 18 
Streptococcus faecalis 5 8 
Other Streptococcus | 7 0 


Proteus 3 2 


Enterobacter 1 3 


dis 1 2 
Serratia — 3 0 
Aeromonas 2 0 

Pseudomonas - 1 0 


Table 2.—Disease Causing Renal Failure and Associated 
Urinary Tract Infection 


No. of Patients % Infected 

Chronic glomerulonephritis 28 43 -. 
glomerulonephritis 60 
Polycystic kidneys - 100 
Other 44 


two weeks; whereas, patients who did not have their 


catheters removed until the third postoperative day or 


. later, and did not require recatheterization, had an infec- 
tion rate of 17.2% (5/29) within the next two weeks. Eleven 


of the 14 patients who were recatheterized at some time in 
the posttransplant period had UTI at a rate (79%) that was 
very different from that of patients who did not require 
recatheterization (46%). 

Whereas seven of ten (70%) of all diabetic patients or 
patients with steroid-induced diabetes had infections, this 
was not extremely different from the rate for those who 
were nondiabetic. In patients who had a history of UTI 


preoperatively, 13 of 18 (72%) became reinfected, but this 
also was not very different from the incidence in patients 

.. who did not have preoperative UTI. 

In 20 of the 37 patients (54%), UTI developed in the first _ 


Patients with two or more rejections, and thus receiving 
higher dosages of steroids, had a much higher incidence of 
persistent infection, eight of 31 patients, than did those 
with no or with one rejection, three of 38 patients. Howev- 
er, there was no correlation with the number of rejections 


and the overall infection rate (Table 3). 


Age played a role, as in 17 of 41 patients (41.5%) who 
were younger than 40 years, infections developed, whereas 


in 18 of 24 patients older than 40 years (75%), infection 
. developed (P < .01). Interestingly, the mean age of those 
. patients who remained free from infection was 33.6 years, 


those in whom a nonpersistent infection developed had a 


mean age of 35 years, but those who had a persistent 


infection had a mean age of 45.4 years. 

There were no great differences in the incidence of 
infection by graft source (cadaver graft 56% vs living- 
relation graft 50%), nor did the number of antigens that 
were matched in the cadaver grafts affeet the incidence of 
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L— First Infections 
| EZ Recurrent Infection 


No. of Transplant Recipients 


Splenectomy LA ids. 


E No Infection 
Infected 
Persistent Infection 


Nephrectomy | 


Female | 


? Not Significant 


Catheterized 
More Than Once 


 Catheterized Once [= 


Diabetics L1 


Fig 2.—Time of development of initial and 
recurrent urinary tract infections in 68 
transplant recipients. 


Urinary Tract Infection [=> 
Preoperative RS : 


Not Significant 


No Urinary Tract Infection F 
Preoperative E 


Fig 3.—Incidence of urinary tract infection 
associated with various preoperative and 
postoperative factors. 


Table 3.—Number of Urinary Tract Infections © 
as a Function of Number of Rejections 
% Persistent 
Infections? 


No. of 
Patients 


% Urinary Tract 
Infections* __ 


No. of Rejection 
Episodes 


*Nonsignificant. 
TP < .05. 


infection. Kidneys with one or two antigen matches had a 
56% incidence of infection, whereas kidneys with three to 
four antigen matches had a 57% rate of UTI. Of the 
living-relation donor kidney grafts with one or two antigen 
matches, 67% became infected, whereas four of the ten 
patients (40%) who received three or four antigen-matched 
living-relation donor kidneys became infected. 


Of the 22 patients who either lost function of their graft 


or died, UTI developed in 12 (54%), a rate that was almost 
identical to the 53% incidence of infection (25 of 46 
patients) among those who had a successful graft. Since 
most grafts that were rejected were lost early in their 
course, this comparison may be misleading. 

Nineteen patients had some form of Were from 
surgery. Of four patients with vascular complications, 
which included one venous thrombosis, one arterial branch 
thrombosis, one arterial stenosis, and one septic anasto- 
motic leak, UTI developed in only one. There were three 
patients with urethral complications, and UTI developed in 
one. Of the nine patients with wound complications, one 
representing a primary infection, UTI developed in six. 


1024 Arch Surg—Vol 114, Sept 1979 


Total No. of Grafts [ E 


54%, is « 


ee 
20 30 40 50 60 70 
: No. of Patients With Renal Transplants 


had oS wee while receiving suppressive ther- 


apy, seven had a recurrence while receiving medication, 


| . COMMENT 

he overall ineidence of UTI for this group of patients, 
stressingly high even in this high-risk immuno- 
suppressed group. However, the incidence noted in the 
literature ranges from 48%' to 9895," with the majority 


reporting incidences greater than 6095." * 5.9.7 


The incidence of primary UTI occurring in the first 30 
days (29% ) is lower than the incidence of early infection 
reported i in most other published series. Martin* reported 


that UTI developed in 35 patients at the time of hospital- 
ization for the transplantation and that this represented all 
of the nice (48% of the total group in his series). The 


higher percents of patients in whom initial UTI developed 
in the first 30 days was also reported by Walter et al" 
(95%), Sussman and Russell’ (71%), and Leigh’ (60%). 

The low early-infection rate in this series may be due to 
the careful attention paid in placing the Foley catheter at 
the time of transplantation, its care while in place and the 
removal of the catheter during the first 24 to 48 hcurs. The 
incidence of early infection in those who had the r cathe- 


ters removed on or before the second postoperative day is 
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substantially, but not statistically, less (5.9%) than the 
incidence in those with later catheter removal (17.2%). The 
association ef UTI aad the bladder catheter had been 
documented prev ousls.*'* Although the advantages of 
removing the bladder catheter as early as possible have 
been pointed out by Walter et al," reports" still show the 
duration of eatheteriz.tion to be up to one week routinely. 
The role of the Foley catheter as an important source of 
bladder infection was further suggested in this study by 


the greatly increasec rate of infection associated with 


recatheterization Thesncreased rate of infection associated 
with technical complications was attributed, at least in part, 
to the recatheterization requirec in these patients. 

Sussman and Russe’ believed that the use of prophylac- 
tic antibieties was cortraindicazed because of the develop- 
ment of resistan: strains of bacteria, but this was not a 
problem in the preserr series. The lower incidence of early 


infections and the «ack of primary wound infections 


support, in our minds, the use of a three-day course of 
prophylactic antibiotrs. 

The late-imfection rate in this series (25% of all patients), 
the majority of cases oceurring in outpatients, was discov- 
ered through frequeat routine urinalysis and culture. If 
cultures had been made only when patients were sympto- 
matic, most of these mfections would have been missed, as 
only 9% of the mfected patients were symptomatic and 
only 42% had an associated pyuria. Hamshere et al 
reported a similar lack of pyuria. The lack of pyuria and 
symptoms has deen postulated to be secondary to the 
immunesuppressive therapy, although the patients in 
whom infection developed had a low incidence of bone- 
marrow depression. 

The reason for the greatly mcreased incidence of infec- 
tion in the nephrectcmized patient may be due to bacterial 
colonization of the enused bladder. However, Douglas et 
al' reported low ra-es of infection (26%) posttransplant 
and associated thi. with pretransplant nephrectomy. 
Others™™" have reported high rates of infection in ne- 
phrectomized patients. Only three of 12 patients with 
nephrectomy ?n our series had preoperative UTI (all with 
chronic pyelonephritis), and the majority of nephrectomies 
were done fcr polweystic disease or for renal vascular 
hypertension. Although frequently infected primarily, in 
none of the patien s with nephrectomies did persistent 
UTI develop, as opposed to 46% of the nonnephrectomized 
infected group, whidh suggests that in the latter, their own 
kidneys may have been the source of chronic infection. The 
lack of persistent infection in this group of patients, 
despite an increased rate of infection, has led us to 
continue eur treatment plan of performing pretransplant 
nephreetomy fer specific indications such as reflux, renin- 
dependent hypertension, huge polycystic kidneys, and 
chronic pyelonephritis prover by culture. 

Eleven pat-ents in this series had persistent UTI; other 
authors'^* have also reported a similar percent of patients 
(21% to 35%) with persistent infections and have suggested 
that the prob.em wes related to urinary tract complications 
and pretransplant »yelonephritis. In our study, except for 
an inability to keep their urinary tracts sterile, this group 
did net distinguish themselves from the other nonnephrec- 
tomized trarsplant patients. 
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Attempts at suppression through the long-term applica- 
tion of antibioties have not been successful in our hands. 
Patients who have had one or two UTIs and were then 
started on suppression with antibioties have had a recur- 
rence rate of 46%. Although not definitely helpful, some of 
the group with persistent infections have had long periods 
of sterile urine cultures prior to a recurrence developing; 
this may in part be secondary to their treatment with 
antibiotics. There have been no documented complications 
with the use of these antibiotics and it is unknown as to 
how many of the infected patients would have gone on to 
have persistent urinary tract infections develop without 
the use of oral suppressive antibiotics. 

Since immunosuppression is thought to be the underly- 
ing factor in the high rate of infection, it was an unex- 


pected finding that neither donor source nor the number of 


large dosages of steroids for rejection correlates with the 
rate of infection. The large dosage of steroids associated 
with treatment of rejections did, however, increase the 


percent of persistent infections. The complications of graft 


failure and treatment of the failing graft were also not 
associated with increasing rate of UTI. Thus, the implica- 
tion is that long-term immunosuppressive therapy rather 
than the short large-dosage therapy was the basis for the 
generally increased incidence of infection in this group of 


patients. 


Nonproprietary Names and Trademarks of Drugs 


Azathioprine—Imuran. 
Cephalothin sodium—Keflin. 
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Variable Manifestations. € 


Injury During Lumbar Dis isk Surgery 


David C. Brewster, MD; Andrew R. L. May, FRCS; R. EA Darling, do E M. Abbott, MD; Ashby C. Moncure, MD 
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e Major vascular injury is an unusual but well-recognized 
complication of lumbar disk surgery. Clinical manifestation of 
such injuries may be extremely variable. Isolated arterial lacera- 
tion is most common, with early manifestation due to retroperi- 
toneal hemorrhage. There are often few external signs of blood 
loss, however, and the diagnosis may not be recognized initially. _ 


Formation of an arteriovenous fistula or false aneurysm 


produces even fewer early signs, and diagnosis is often delayed - 
for weeks or years. Six cases are described that illustrate the full. 


; cross n 


E 


i A E = " `. « f v ° P. 
As in other forms of vascular trauma, injury may cause 


l laceration of a major vessel with early signs of acute blood 


loss, or may result in formation of a false aneurysm or 
-arteriovenous fistula that may often escape detection for 
long per ‘iods. The clinical manifestation of vascular injury 
. followi mg disk surgery is therefore often variable ,and may 
n merous specialty lines. Within the past six years, 


ic 


the a "Fr ors have had PEPER PUG with six eases that 


) 1 He 
spectrum of acute and chronic manifestations of such injuries. _ 


Two cases of acute hemorrhage due to arterial trauma were 
seen; one case was recognized intraoperatively and one in the 
recovery room. In four cases arteriovenous fistulae developed 
and were diagnosed from eight hours to eight years postopera- 
tively. Two cases also had associated false aneurysms, one the 
probable source of pulmonary emboli and one the principal 
manifestation of the vascular injury. 

(Arch Surg 114:1026-1030, 1979) 


ince first reported in 1945 by Linton and White at the 
Massachusetts General Hospital, major vascular inju- 


ry occurring during operation for lumbar disk disease has 
become recognized as an unusual but well-described 
complication of such surgery. It is of interest that the first — 


description of this complication was from the same institu- 
tion that had introduced operation for herniated disk 11 
years earlier.’ 
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VES 47-year-old priest was admitted with recurrent back 
pain ten years: after} removal of a ruptured L4-5 disk. A myelogram 
show ed s; signs of a recurrent defect at the L4-5 level, and reexplo- 
s carried out. Despite specific attempts to avoid exces- 
sive depth penetration of the pituitary rongeur or radi*al removal 
of all disk material, profuse arterial bleeding occurred as disk 


tal Prae was being eee Within 30 to 60 seconds, blood 


draped, m pre Soina] mass was pue Ata 


Exploration showed a large retroperitoneal hematoma due to a 
4mm injury to the left common iliac artery. A short 6-mm knitted 


Dacron graft was used for arterial repair. Fourteen units of blood 
were administered intraoperatively. Recovery was uneventful. 
CASE à —A 42-year-old housewife underwent uneventful remov- 


alofan L 5 disk at a local hospital. When she was returned to the 


recovery room, however, profound hypotension develop2d, as well 
as increasing abdominal distention. She was transferrec by ambu- 
lance to this hospital. On arrival, a pulse was barely discernible and 
no blood pressure could be obtained. The abdomen was massively 
distended. The patient was placed in an antigravity pressure suit 
and fien x lirectly to the operating room. A large amount of free 
intraperiteneal blood was evacuated, and a 0.5-em injury to the 


right common iliac artery was found just beyond -he aortic 
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Fig 1.—Preaperative anteroposterior (left) and lateral (right) 
aortograms showing arteriovenous fistula between right common 
iliac artery ard irferior wena cava bifurcation (case 3). Note small 
amount of extravasation. 





Fig 3.—Preoperasve aortograms (case 6) showing large false 
aneurysm associated with arteriovenous fistula between left 
common iliac artery ard vein. 


bifureation and was repaired primarily. Sixteen units of blood 
were transfused He postoperative course was surprisingly 
uncomplicated. 

Case 3.—A 32-year-c d truck driver was admitted with a three- 
year history of back pain radiating down the right leg. L4-5 disk 
removal was carr:ed oat uneventfully, except for an unexplained 
drop in bloed pressure to 60 mm Hg intraoperatively, associated 
with tachweardiz. These abnormalities responded to volume 
replacement witkin tex minutes. No abnormal external bleeding 
was noted. Eight hour- postoperatively, the patient complained of 
increasing abderainal pain. Examination revealed diffuse tender- 
ness and a loud consnuous bruit maximal in the right lower 
quadrant. Aortegraphy confirmed an arteriovenous fistula 
between the right common iliac artery and inferior vena cava (Fig 
1). At operation, a large defect was seen involving the vena cava 
bifureation that coule mot be primarily repaired. Access to the 
venous injury reeuiree division of the right common iliac artery at 
the level of the a-terizlinjury. Triple venous ligation and primary 
arterial reanastemoss were carried out. A 3,500-mL volume of 
blood lost durirgeoperation was salvaged and reinfused by intraop- 
erative autotrensfusi-n. Postoperative recovery was satisfactory, 
with minimal ‘es swelling clearing quickly. 

Case 4.—A 43-yearvold machinist suffered a work-related back 
injury that respendec poorly to bed rest and traction. Removal of 
an L4-5 disk was carried out. Ten months later, recurrent difficul- 
ty required reexploraion of the disk space and spinal fusion. The 
operative procedure was believed to be uneventful. 

Postoperative, tI-»-patient had fever, dyspnea, and abdominal 
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Fig 2.—Anteroposterior (left) and oblique (right) aortograms (case 
4). Arrows indicate false aneurysm, partially filled with clot, that is 
associated with arteriovenous fistula. 


discomfort. Ten days later, he was transferred to this hospital. 
Evidence of high-output congestive heart failure was present, and 
a loud bruit was audible over the entire abdomen. Slight right 
lower quadrant tenderness was present. An aortogram (Fig 2) 
showed an arteriovenous fistula between the right common iliac 
artery and the vena cava bifurcation, with an associated false 
aneurysm. During preparations for surgery, the patient developed 
pleuritie chest pain, hemoptysis, and a sudden rise in central 
venous and pulmonary artery pressures. A lung sean confirmed 
the clinical diagnosis of a pulmonary embolus, which was thought 
to have arisen from the false aneurysm and entered the venous 
system via the fistula. 

At operation, a large defect was found at the caval bifurcation, 
in addition to an injury to the posterior aspect of the right common 
iliac artery. There was an associated false aneurysm, partially 
filled with clot. Prior to manipulation or dissection in the vicinity 
of the false aneurysm, care was taken to achieve proximal vena 
cava control to minimize chances of recurrent pulmonary embo- 
lization intraoperatively. The damaged arterial segment was 
replaced with a Dacron graft, the venous injury was repaired with 
a Dacron patch, and the proximal vena cava was ligated. His 
postoperative course was uncomplicated. 

Case 5.—A 44-year-old bookkeeper underwent removal of a 
ruptured L5-S1 disk at an outlying hospital. During operation, 
considerable bleeding from the disk space was noted. This was 
thought to be venous in origin. The blood pressure fell to unobtain- 
able levels, but responded to pressure on the wound and transfu- 
sion of 2 units of whole blood. The patient’s postoperative recovery 
was satisfactory thereafter. 

Eight weeks after surgery, however, she was admitted to the 
hospital because of shortness of breath and leg swelling. A loud 
abdominal bruit was noted, and evaluation suggested high output 
congestive heart failure. Aortography revealed an arteriovenous 
fistula of the left common iliac artery and vein. The cardiac output 
was 8.85 L/min. At operation, the left common iliac artery was 
divided, primary venous repair was performed, and primary 
reanastomosis of the artery was carried out. Postoperatively, 
rapid improvement in her congestive failure ensued. 

Case 6.—A 35-year-old fireman was admitted to the hospital 
because of a pulsatile abdominal mass in the left lower quadrant, 
noted on routine physical examination. He had undergone unev- 
entful removal of a symptomatic L4-5 disk eight years previously. 
Examination confirmed a nontender pulsatile mass with a promi- 
nent associated thrill and a loud continuous bruit. There were no 
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Fig 6.—Mechanism of vascular injury during lumbar disk 
surgery. 


Fig 7.—Location of vascular injuries in six cases of current study; 
triangles indicate arterial injuries, ovals indicate arteriovenous 


fistulae. 


symptoms or signs of congestive heart failure, but a chest x-ray 
film and ECG revealed cardiac enlargement. An aortogram (Fig 3) 
showed a large false aneurysm and associated arteriovenous 
fistula involving the left common iliac artery and vein. At 
operation, the dilated common iliac artery was divided to gain 
access to the venous communication, which was closed by lateral 
venorrhaphy. A large false aneurysm sac was present, at the base 
of which bone spicules were noted at the site of disk space 
perforation. The left iliac artery was thin and dilated, and arterial 
continuity was therefore reestablished with a 6-mm knitted 
Dacron graft. Cardiac output fell from 15 to 6 L/min with fistula 
closure (Fig 4). Intraoperative autotransfusion of 2,700 mL of shed 
blood was used, with no banked blood required. His postoperative 
recovery was benign, with documented decrease in heart size 
(Fig 5). 
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Fig 4.—Graphic representation of cardiac output, pulmonary 
capillary wedge pressure (PCWP), and pulse rate, all approaching 
normal levels at time of fistula closure (case 6). 








Fig 5.—Diminution of heart size documented by chest roentgeno- 
gram obtained one month postoperatively (right) as compared 
with roentgenogram obtained preoperatively (left). 
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COMMENT 


Although rare, the exact incidence of vascular injury 
oecurring during laminectomy is unknown. Several 
collected series have been previously published,* but few 
individuals have had personal experience with more than 
one or two cases. This description of six cases is, to our 
knowledge, the largest individual series reported in the 
literature. 

Such injuries may occur even in experienced hands and 
despite gentle technique. Holscher deseribes a case in 
which vascular injury occurred while an experienced 
surgeon was making a distinct effort to prevent such an 
incident at the very moment that it occurred,‘ just as in our 
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case 1. The ease with which an exploring instrument such 
as a pituitary rongeur may penetrate beyond the disk 
space is probably related in many instances to degenera- 
tion of the anterior annulus and anterior longitudinal 
ligament, somet.mes resulting in an actual defect.*^?^ In 
more than half of reported injuries, the operator did not 
even suspect thet the instrument used to remove the disk 
had entered the retr»peritoneum or abdominal cavity." 

Other factors that may increase the likelihood of vascu- 
lar injury are improper positioning of the patient?" or the 
necessity for recperation on a disk space.*'* Our cases abs 
4 involved such "redo" surgery. 

With penetration anterior to the disk space, injury to 


retroperiteneal or intraabdcminal structures is likely, 
partieularly if the operator is unaware of the exact location 
- of his instrument (Fig 6). Injury to the ureter, sympathetic 


chain, small intestine, bladder, and even appendix have 
been reported.*^' '* * Because of anatomic proximity of the 
major vessels imme liately anterior to the vertebral bodies, 
however, vascular iajuries are far more frequent. | 

The exaet loeaticn of vessel injury depends on several 
factors, including desk space operated on, individual anato- 
my, and angle ef th» exploring instrument. The majority of 
reported injuries have followed operation on the L4-5 disk 
space and have mvolved njury to the common iliac 
vessels." " Cur experience is similar, with iliac injury in all 
instances and »peration on the L4-5 disk space involved in 
five of the six cases. The loeations of injuries involved in 
our six cases are snown in Fig 7. 

Trauma to major vessels may result in several sequelae, 
most frequently hemorrhage or formation of an arterio- 
venous fistula or felse aneurysm. Isolated injury to a major 
artery is most common, occurring in over 75% of cases.^ 5? 
Such injuries wil usually cause severe retroperitoneal 
bleeding and will present early manifestations of hypovo- 
lemia and hypotension. Profuse bleeding through the disk 
space and rapid development of hemorrhagic shock may 
occur, as in case 1 and may require immediate laparotomy 


to aveid death from exsarguinating hemorrhage. In the 


majority of instamces, however, abnormal bleeding will not 


be evident in the operative wound, and the presence of 
vascular injury may not be recognized initially.**-*" Unex- 


plained hypetension or tachycardia may develop during 
operation, as in sases 3 ard 5, but may be confused with 
anesthetic cemplkcations, myocardial infarction, or pulmo- 


nary embolism. Diagnosis may remain obscure until the 


patient i is turnedssupine and returned to the recovery room, 
as in our eases 2 and 3. This may be related to loss of a 
tamponade effeet while the patient is in a prone posi- 
tion.*'-** In such instances, signs of unexplained hypovo- 
lemia usually predominate, perhaps accompanied by 
abdominal pain nausea, or vomiting. Rarely, a palpable 
abdominal mass may indicate an expanding retroperito- 
neal hematoma. Loss of distal pulses is distinctly 
unusual. 

If vascular irjury occurs simultaneously to both artery 
and vein, formetion of ar arteriovenous fistula is likely, as 
the path of least resistanee for arterial bleeding is into the 
low-pressure venous circuit. Because of limited external 
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blood loss from the vascular compartment, early signs and 
symptoms are usually limited and the diagnosis of vascular 
injury is overlooked initially in most patients. Less than 
10% of patients with arteriovenous fistulae have their 
condition diagnosed within 24 hours, in 20% the condition 
remains unidentified for longer than one year, and in some 
cases the condition is recognized as late as nine years 
following the original laminectomy.''** Our case 6, unrec- 
ognized for eight years following L4-5 disk surgery, is one 
of the most delayed manifestations in the literature. 
Typically, formation of an arteriovenous fistula leads to 
manifestations of high-output congestive heart failure 
LG weeks to months of injury. Auscultation of a 


sis vit elani fu one reported case, the bruit was loud 
enough to be noted at night by the patient's spouse in bed.” 


. In some instances, however, manifestations of congestive 


heart failure will not predominate, and the diagnosis may 


remain unclear. Congestive heart failure was absent in two 
of our four cases of arteriovenous fistulae (cases 3 and 6). 
Complaints of abdominal, back, or groin pain may be 


present, or leg swelling may occur and cause confusion 


with possible deep venous thrombosis.*::::::»?! Such edema 
.is simply a reflection of the regional venous hypertension 


that often occurs with large arteriovenous fistulae involv- 
ing the aorta or iliac vessels." In some cases, the only 
manifestations of an arteriovenous fistula may be an 
unusual postoperative course, perhaps including bizarre 
abdominal pain, low-grade fever, ileus, jaundice, or 
ascites. 

A third possible and least frequent sequela of acute 
vascular trauma secondary to disk surgery is formation of 


a false aneurysm. Most often, there may be early false 


aneurysm formation with expansion or rupture occurring 
within days.'''*-***+ In rare instances, however, a well- 
contained false aneurysm may remain clinically silent for 


. years, finally appearing as a pulsatile abdominal mass. In 


case 6, the false aneurysm was the principal manifestation 
of the injury, although the associated arteriovenous fistula 
produced marked hemodynamic alternations. Thrombus 
may form within a false aneurysm with attendant compli- 


cations, but it is distinctly unusual for pulmonary embo- 


lism to occur via an associated arteriovenous fistula as in 
our case 4. This occurrence has not been previously 
reported. 

If the clinical condition of the patient is stable, or if 
there is uncertainty in the diagnosis of vascular injury, 
angiography can be both helpful and definitive. If delay 
will jeopardize the patient’s condition, however, it may 
prove necessary and advisable to proceed with abdominal 
exploration simply on the basis of clinical suspicion. 

Only prompt and aggressive treatment can hope to 
improve the mortality of more than 50% reported by many 
authors for sees arterial injuries occurring during lumbar 
disk surgery.*?'^* In most instances of fatality, delay in 


diagnosis cd a central role. In cases of isolated arterial 


injury, primary arterial repair may often be possible, with 
prosthetic grafts reserved for more extensive injuries or 
diseased vessels. Each method was used in one of our two 
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cases of acute arterial trauma (cases 1 and 2). For arterio- 
venous fistulae, adequate exposure of the venous injury 
will frequently demand actual division of the artery at the 
level of the injury, as was done in all four of our fistula 
cases. Control of venous bleeding may be obtained by 
digital pressure or possible use of balloon catheters. 
Primary venorrhaphy is then preferred and is possible in 
approximately 80% of cases.’ Extensive venous injury or 
troublesome injury in the region of the vena cava bifurca- 
tion may demand venous ligation, as in our cases 3 and 4. 
Venous ligation is probably preferred to a technically poor 
venous repair, which is likely to be associated with postop- 
erative thrombosis and potential pulmonary emboli. 
Primary repair of the divided artery may then be accom- 
plished (cases 3 and 5), or arterial continuity established by 
a short graft (cases 4 and 6). A graft will more frequently 
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Obturator Canal By pass. Grafts for 


Septic Lesions of the Fer 


^ 


IY oral Artery 


M. Davic Bilson, MD; Thomas Sweeney, MD; Richard J. Gusberr. M5 Horace C Stansel, MD 


e Infection of the femoral artery results in false aneurysm 
formatian and hemarrhage unless appropriate reconstructive 
measures are taken. We reviewed ten such cases managed by 
obturatcr canal bypass with autogenous saphenous vein. The 
graft maintained viability of the extremity in every case in the 
early postoperative period. One death occurred re:ated to 
cardiac disease, andithere was one late failure. This exoerience 
confirms the usefulness of the obturator canal as a method for 
bypass of the infected femoral artery. 

(Arch Surg 114:1081-1033, 1979) 


he technique sf obturator bypass for septic lesions of 


tke femoral a-tery was described by Shaw anc Baue in | 


1962.‘ Suida and Moore described technical and anatomical 
features of the precedure in detail in 1969,* and by 1970 11 
obturstar bypasses had been reported in the literature.’ 
These bypasses were performed for a variety of indica- 


tions: infeeted arteriotomies and arterial paunctures, — 


infeeted vaseular grafts, mycotic aneurysms, extensive 
groin disseetion Jor tumor, severe traumatic injury, and 
irradiation injury of the groin. At present the procedure is 
well established ia vascular surgery, and it is described i in 
the standard comprehensive texts. 

The present review of an experience with tdi sbturator 
bypass grafts af our institution was prompted by two 
considerations. First, although the procedure i is well estab- 
lished, we are net aware of any reported series of more 
than four cases. 3econd, with the increasing frequency of 
intra-aortie ballcon counterpulsation by the transfemoral 
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route, septic complications of the femoral artery are 
increasing. 


SELECTION OF PATIENTS 
FOR OBTURATOR BYPASS 


Six patients required obturator bypass for septic complications 
resulting in false aneurysms related to the introduction of a 
counter-pulsation balloon in the common femoral artery. These 


procedures are usually performed under local anesthesia in the . 


surgical intensive care unit at our hospital in preparation for 


imminent cardiac surgery. The balloons are inserted through a 
woven Dacron graft sutured end-to-side to a longitudinal common 


femoral arteriotomy. Cephalosporin antibioties are given prophy- 
lactically throughout the period of balloon use. At the time of 


removal of the balloon, the Dacron graft is oversewn and trimmed, 


leaving a small diverticulum. The wound is irrigated with bacitra- 
ein solution before closure. The incidence of septic complications of 
balloon sites requiring obturator bypass is approximately 1% in 


our hospital.* 


Two patients required obturator bypass for septic complications 
of cannulation or grafting of the femoral artery. One infection 
was at the site of cannulation for cardiopulmonary bypass during 
cardiac surgery, and one was for an infected axillofemoral bypass 
graft. 

Two procedures were performed for less common problems. One 
was a mycotic aneurysm of the femoral artery and the other was a 
massively contaminated gunshot wound. 


3 . OPERATIVE TECHNIQUE 


There are excellent descriptions of the surgical technique of 
obturator bypass," so the procedure will not be reviewed here in 
detail However, there are four points that are noteworthy. 

First, we have used the saphenous vein as the graft material of 
choice in every case. An autogenous vein is more resistant to 
infectious complications than any known prosthetic. Second, we 
have prepared the groin with an adherent plastic drape to prevent 
contamination of the other incisions. A segment of saphenous vein 
is removed and used to bypass the external iliac artery to the 
superfieial femoral artery through the obturator foramen. The 
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Fig 1.—Arteriogram obtained one month 
postoperatively showing cross-pelvic retro- 
peritoneal obturator canal graft from right 
external iliac artery to left superficial femoral 
artery in 18-year-old patient with shotgun 
wound in left lower quadrant. 


femoral graft. 


distal external iliac and the proximal superficial femoral arteries 
are ligated to reduce subsequent hemorrhage during exposure and 
control of the false aneurysm. This preliminary ligation helps to 
limit bleeding from the false aneurysm during dissection, since 
the tissues are usually friable and do not hold sutures well. Control 
of the vessels and placement of the bypass graft prior to direct 
attack on the aneurysm also avoids exposure of the operating room 
environment to massive bacterial contamination. Third, the stan- 
dard descriptions of this procedure usually recommend a longitu- 
dinal abdominal incision to approach the iliac artery. We have 
found that a transverse muscle-splitting incision above the ingui- 
nal ligament provides satisfactory exposure of the iliac vessels 
through the retroperitoneal route. We have also found that the 
obturator foramen can be exposed by this approach well enough to 
allow perforation of the dense obturator membrane under direct 
vision to tunnel the graft. This later point is important, since an 
effort to tunnel the membrane bluntly may result in hemorrhage. 
The tunnel should be made in the anteromedial part of the 
membrane to avoid the obturator vessels and nerve that pass 
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Fig 2.—Arteriogram obtained six months postoperatively showing ilioposterior tibial 
obturator saphenous vein graft in elderly man with thrombotic and infected axillo- 


through it more laterally. Fourth, the foreign body of Dacron must 
be removed from the groin wound after closure of the other 
incisions. The infected artery is controlled by suture ligazures, and 
the wounc is packed open with povidone-iodine (Betadine) or 
sulfadiazine silver (Silvadene). 


REPORT OF CASES 


CasE 1.—A 50-year-old woman was admitted to the hospital in 
1969 with decompensated rheumatic heart disease. Cardiac cathe- 
terization revealed severe aortic stenosis and moderate y severe 
mitral regurgitation. A cannula was inserted into the femoral 
artery for cardiopulmonary bypass and a double valve rep acement 
was carried out. Karly in the patient’s postoperative course, serous 
fluid drained from the femoral artery wound. Two weeks later 
hemorrhage occurred from a false aneurysm at that site. Obtura- 
tor bypass was performed with a saphenous vein graft, and the 
groin wound was packed open. The patient was discharged from 
the hospital ambulatory with a patent graft. The last follow-up 
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was in 1978 and the sraft remained patent with pedal pulses 
palpable. 

Case 2.—àn 18-yearold man was admitted to the hospital in 
1973 with a shotgun wounc in the left lower quadrant. The sigmoid 
colon was disrupted with massive fecal spillage, and the left iliac 
artery was disrupted. A colostomy was performed, and a saphe- 
nous vein graft was -umnneled retroperitoneally from the right 
external iliac artery to the left superficial femoral artery through 
the obturater canal. The graft functioned well, and the viability of 
the extremity was maintained. An arteriogram illustrates the 
course of the graft (Fig 1). Subsequently the colotomy was closed, 
and the graft was patent at the time of last follow-up in 1978. 

Case 3.—À 55-year-o:d man was admitted to the hospital in 1975 
with fever and a history of occasional right upper quadrant pain. 
An oral cholecystagram revealed gallstones, and a cholecystectomy 
was performed. Culture of the bile revealed Salmonella organisms. 
Postoperatively the pztient continued to have fever with blood 
cultures positive for Saimonella organisms, which was unex- 
plained unti! he was noted to have a small aneurysm of the right 


femoral artery that was gradually enlarging. This aneurysm was 


managed by obturato" bypass graft, and the patient recovered 
uneventfully. 

Case 4.—A 67-year-eld man with a five-year history of angina 
was admitied to the hospital in 1977 with persistent angina 
refractory te intensive medical management. A cardiac catheteri- 


zation revealed lesions of the left anterior descending, cireumfiex, 


and right coronary ar-eries. An intra-aortic balloon cannula was 
placed, and he underwent grafting of the left anterior descending 
and right coronary arteries. Two weeks postoperatively, it was 


obvious that he had an expanding pulsative groin mass. An 
obturator bypass was performed, and Pseudomonas organisms 


grew in cultured specimens from the false aneurysm. He was 
discharged several weeks later, ambulatory with healed wounds. 
CASE 5.—A 73-year-9ld man transferred from another hospital 


with pain im the left leg at rest and an axillofemoral graft that had 


failed. The left groin aad a persistent purulent sinus. An arterio- 


gram showed extensive disease of the left iliac artery and. one 


patent runoff vessel (osterior tibial artery) at the ankle. A left 


iliac endarterectomy and ilioposterior tibial bypass graft was 


performed through the obturator foramen with saphenous veins 
harvested from both legs. Six months later the patient experi- 
enced pain in the opposite extremity at rest, and an arteriogram 
showed the obturator graft to be patent (Fig 2). A femoropopliteal 
graft was then performed for the right leg with segments of lesser 
saphenous veins. The obturator graft failed at ten months and 


amputatiom of the eft leg resulted. The right leg remains 


viable. 
RESULTS 
The obturator bypass functioned well and maintained 
early viability of tae involved extremity in every patient. 
One patient died two months postoperatively of complica- 
tions related to his cardiac surgery. In the remaining nine 


patients the groin wounds healed and the patients were 
discharged from the hospital ambulatory on the involved 
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extremities. These nine patients have been followed up 
from nine years to six months, with a mean follow-up time 
of approximately 2.4 years. One graft was a late failure at 
ten months postoperatively, and the failure resulted in loss 
of the extremity (case 5). It is noteworthy that this failure 
occurred in the only patient with severe and extensive 
peripheral vascular disease. The remaining eight patients 
were alive with patent grafts at the time of most recent 
follow-up. The results seem especially favorable in light of 
our experience with the long term patency of femoro- 
popliteal saphenous vein grafts, where we have found a 
cumulative patency rate of 65% at five years." It may be 
that the present small series of obturator grafts represents 
an unusual group of patients biased by the inclusion of nine 
patients who did not have extensive peripheral vascular 
disease at the outset. Also, the patients with balloon 
complications as a group are relatively recent acquisitions 
to the series and have not been at risk of graft failure for a 
long period of time. 
COMMENT 

Infection of an artery leading to the formation of a false 
aneurysm almost inevitably presages hemorrhage unless 
appropriate reconstructive measures are taken. The princi- 


ples of extra-anatomical vascular grafting for these 


complications are well founded. The present experience 
confirms previous reports that the obturator bypass is a 
simple and effective method for dealing with infections of 
the femoral artery. 


Nonproprietary Name and Trademarks of Drug 


Sulfadiazine silver—Silvadene, CF-100. 
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Predicting Success of 


Forefoot Amputations 


Noninvasive Testing 


Gary W. Gibbons, MD; Frank C. Wheelock, Jr, MD; Carl S. Hoar, Jr, 


* Sixty-six diabetic patients underwent needed forefoot ampu- 
tations when clinical assessment indicated a reasonable chance 
of healing. All patients underwent noninvasive testing consisting 
of segmental systolic pressure measurements and pulse volume 
recordings (PVRs) taken at the thigh, calf, ankle, and forefoot 
levels. Segmental systolic pressures were falsely high (—200 
mm Hg) and therefore not useful in 56%. Ankle systolic pressures 
predicted failure in 36% of patients who healed and success in 64% 
who failed to heal. Segmental PVRs were sequentially predictive in 
only 50%. Forefoot PVR traces predicted failure in 50% of patients 
whose amputations healed. No patient should be denied a forefoot 
amputation solely on the basis of unfavorable results of noninva- 
sive tests. Favorable clinical signs and a strongly positive forefoot 
PVR trace are the best predictors of successful forefoot amputa- 
tions in diabetic patients. 

(Arch Surg 114:1034-1036, 1979) 


NE technology and sophistication in instrumentation 
have made possible noninvasive diagnostic evalua- 


tion of peripheral vascular disease. The most important 


and valuable aspect of the noninvasive vascular laboratory 
is its use in determining the appropriate operation for a 
patient and the chances for success, and in postoperative 
monitoring. | 

Several studies support the use of noninvasive testing to 
predict the likelihood of successful forefoot amputation in 
both nondiabetic and diabetic patients. These studies 
used segmental thigh, calf, and ankle systolic pressure 
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in Diabeties by 
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measurements,'? while Raines and associates used both 
segmental systolic pressure measurements and segmental 
pulse volume recordings (PVRs).* The present study was 
undertaken to evaluate thigh, calf, and ankle systolic 
pressure measurements and PVRs in predicting successful 
forefoot amputation in a large series of diabetic 
patients. 


MATERIALS AND METHODS 


Sixty-six diabetic patients needing toe, toe plus metatarsal 
head, or transmetatarsal amputations were studied ty noninva- 
sive diagnostic techniques. All patients were managed by the 
Joslin Diabetic Clinic and were hospitalized at the New England | 
Deaconess Hospital. There were 44 men and 22 women with an 
average age of 64.03 years (+1.1 SEM years). The average 
duration of diabetes was 19.5 years + 1.5 SEM years. At the time 
of the study, 55 patients were insulin dependent, ten patients had 
a condition controlled by oral hypoglycemic agents, and one 
patient’s condition was controlled by diet alone. All patients were 
observed at the bedside, and because of the presence of foot 
lesions, only resting studies were performed. Thigh, calf, and 
ankle systolic pressure measurements were obtained following 
standard techniques detailed elsewhere.‘ Pulse volume recordings 
were taken at the thigh, calf, ankle, forefoot (metatarsal), and toe 
when feasible, following the technique outlined by Darling et al. 
Because cf the unknown effect of cuff compression over a bypass 
graft, six other diabetics with foot lesions and a bypass graft were 
excluded from this study. 

The decision for operation and the level of amputation were 
determined solely on clinical grounds.* 


RESULTS 


All patients underwent forefoot amputation and were 
divided into two groups on the basis of healing. The first 
group comprised 55 patients (41 men and 14 women) who 
underwent either a toe, toe plus metatarsal head, or 
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transmetatarsal amputation with successful healing. The 
second group totaled 11 patients (three men and eight 
women). in this group of patients forefoot amputations 
failed to heal, and eight pazients subsequently required 
below-the-knee amputation. age, duration of diabetes, and 
type of control were similar for the two groups. 

In the first group (Table 1) thigh, calf and ankle systolic 
pressure measurements followed a sequential pattern in 11 
patients. In 34 patients, the segmental pressures were 
falsely high (>200 mm Hg), and in ten patients, the 
segmental pressures were of a nonsequential pattern. 
Ankle systolc pressures were 70 mm Hg or less in 20 
patients. Eight patients had ankle systolic pressures 
between 70 and 10€ mm Hg, and 13 patients had pressures 
between 100 and 200 mm Hg. Fourteen patients had ankle 
systolic pressures greater than 200 mm Hg. | 

The segmental FVR traces (Table 2) for the first group 
were predictive in 27 patients, while in 28 patients the 
thigh to fore“oot traces did not follow a sequential pattern. 
A forefoot PVR trace was aksent in nine patients and only 
slightly positive in 17. A mocerately positive forefoot trace 
was present in 14 patients, and a strongly positive trace 
was found in 12. Three patients had no forefoot trace taken 
because of proximity of the ulcer. Arteriograms were 
obtained in 22 of the 55 patients. 

In the second group (11 patients) with failed forefoot 
amputations, thigh, calf, and ankle systolic pressures were 
sequentially predietive in five patients, followed a nonse- 
quential pattern in six patients, and were falsely high 
(>200 mm Hg) in three patients (Table 1). Ankle systolic 
pressures were less than 70 mm Hg in three patients and 


over 70 mm Hg in seven patients. Segmental PVR traces 


(Table 2) were predictive in six patients, while in five 
patients the traces had no sequential pattern. Forefoot 


traces were absent or slightly positive in ten patients, and 


a moderately positive trace was present in one patient. 
Arteriograms were obtained in ten patients. 

The nonirvasive vascular laboratory has provided a new 
dimension in the evaluation and treatment of vascular 
disease, esoecially arterial insufficiency of the lower 
extremities. Of particular importance is the proclaimed 
utilization of noninvasive laboratory data to determine the 
appropriate operation for a given patient and the likeli- 
hood of its success. 

The most widely used noninvasive diagnostic procedure 
is measurement of segmental lower extremity systolic 
pressures with or without comparison to arm (brachial) 
systolie pressure. It has been noted by several authors that 


diabetic patients frequently have artificially elevated pres- 


sures due tc calcified vessels, and in 5% to 10% of diabetics, 
thigh, calf, and ankle systolic pressures could not be 
measured because of stif or calcified noncompressible 
vessels.-* The diabetic’s susceptibility to more distal small 
vessel disease makes it possible for digital or forefoot 
lesions to develop at higher ankle pressures than in nondia- 
betics. 


f 
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Indices cf primary healing of digital lesions have been 


Amputation 
Failed to Heal 
(N = 11) 
——— 

No. of 
Patients % 


Amputation Healed 
(N = 55) 
No. of 
Patients % 
Segmental pressures 
Sequential 
Nonsequential 
2:200 mm Hg 
Ankle systolic 
pressures 
«70 mm Hg 
70-200 mm Hg 
. 7:200 mm Hg 


Amputation 
Failed to Heal 
(N = 11) 
— 

No. of 
Patients % 


er Amputation Healed 
en (N = 55) 
E No. of 
qur Patients 
Segmental traces 
Sequential 
. Nonsequential 
Forefoot traces* 
. Flat 17 
Slight — s. 33 
Moderate — — 27 
Strong | | 23 tha: 
| *In three patients in the healed amputation group, no forefoot pulse 
volume recording was obtained because of the proximity of the ulcer. 


derived at several centers. Studies at the Massachusetts 
General Hospital indicate that in the diabetic, an ankle 
pressure greater than 90 mm Hg is generally associated 


with healing of arterial lesions with bed rest alone.’ 
Several studies support the use of noninvasive testing to 

predict the successful outcome of forefoot amputations in 

diabetic patients. An ankle systolic pressure of 70 mm Hg 


has been used by most observers to prediet primary healing 


of a toe, transmetatarsal, or Symes amputation.' Raines et 
al combined systolic pressures with thigh, calf, ankle, and 
forefoot PVRs to predict outcome, with particular empha- 
sis on positive forefoot PVR tracings.’ 

This study utilized thigh, calf, and ankle systolic pres- 
sures and segmental PVRs to predict the outcome of 
forefoot amputations. In all patients, however, the decision 
for operation and type of procedure was based on clinical 
judgment. 

Falsely high or unobtainable segmental systolic pres- 
sures were more prevalent in this study than previously 
reported. Of the 55 patients whose forefoot amputation 
healed, a segmental systolic pressure was greater than 200 
mm Hg in 62% and ankle systolic pressures were greater 
than 200 mm Hg in 26%. Of the 11 patients whose 
amputations failed to heal, a segmental pressure was 
greater than 200 mm Hg in 3 patients (27%). 

Segmental systolic pressures were of a sequential 
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pattern and predictive in only 20% of 55 successful ampu- 
tations. Of the 11 failures, the segmental pressures were 
helpful in 45%. Ankle systolic pressures predicted failure 
(<70 mm Hg) in 36% of the 55 successful amputations. 
Suecess was predicted correctly (ankle pressure 70 to 200 
mm Hg) in only 38%. Sixty-four percent of the 11 patients 
whose amputations failed to heal had ankle systolic pres- 
sures predicting primary healing. In only three of these 
patients did the ankle systolic pressure indicate failure. 
Segmental PVRs were sequentially predictive in 49% of 
the successful outcomes, while in 51% the tracings were not 
helpful in determining outcome, especially when compared 
with arteriograms. One frequent problem was discerning 
between proximal superficial femoral artery disease and 
aortoiliae disease. A flat or slightly positive forefoot PVR 


trace was present in 90% of the failed forefoot amputa- 


tions. However, 50% of the 55 successful outcomes had flat 
or only slightly positive forefoot PVR traces. A strongly 
positive forefoot trace was the best noninvasive predictor 
of successful outcome, and is certainly encouraging when 
combined with favorable clinical signs. 
Because of the peculiar nature of arterial disease in the 
diabetic, clinical assessment continues to provide the most 
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Najarian JS, Delaney JP (eds): Vascular Surgery. Miami, Symposia Special- 
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objective data with which to judge the type of operation 
and likelihood of its success. Although clinical judgment 
failed in 17% of this series, it must be noted that special 
circumstances prevailed in several instances. In cases 
where clinical judgment favors a higher ampuzation but 
there is some chance for a successful local ampuzation, the 
patient » ith his physician may choose a lesser amputation 
first, especially when there has already beer a major 
amputation of the other extremity. Certainly no patient 
should be denied a forefoot amputation on th» basis of 
poorly predictive, noninvasive tests alone. Favorable 
noninvasive tests such as a strongly positive PVE trace are 
useful in cases where clinical judgment cannot predict 
success with a high degree of certainty. 

The ohjeetiid data supplied by the noninvasiv2 vascular 
laboratory has been useful in differentiating neuropathic 
pain and ulcers from those of ischemic orign in the 
diabetic patient. It is hoped that further developments in 
technology will provide noninvasive instrumertation of 
particular usefulness in the screening of asymptomatic 
diabetic patients at risk and in the evaluation znd treat- 


5 


ment of those diabetics with disease. 


diagnosis. Surg Clin North Am 54:23, 1974. 
5. Darling RC, Raines JK, Brener BJ, et al: Quantitative segnental pulse 


, pp 599-620. 
7. Strandess PE Jr, Sumner DS: Noninvasive methods ef studying 
peripheral arterial function. J Surg Res 12:419, 1972. 
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Prophylactic Interruption of the 


Inferior Vena Cava 


Immediate and Long-term Hemodynamic Effects 


Stephen M. Korwin, MD; Allan D. Callow, MD; David Rosenthal, MD; C. Bruce Ledig, MD; 


Ralph A. Deterling, Jr MD; Thomas F. O'Donnell, Jr, MD 


® Two hundred peients were evaluated retrospectively to 
determine the clinica effects of prophylactic inferior vena cava 
(IVC) interruption in «ssociation with aortic reconstruction. No 
pulmonary embclism occurred in the group with IVC interrup- 
lion, but embolisms cid occur in seven of 68 patients who had 
aortic reconstruction 5erformed without IVC interruption. In two 
patients, the pulmonary embolism was fatal. Postoperative inci- 


dence of deep vein thrombosis was 9% in both groups. Clinical 
and hemodynamic ef:ects of prophylactic IVC interruption were 


studied in 20 additional patients. Venous hemodynamics (maxi- 
mum venous outflow inferior vena cava pressure, and ambula- 
tory venous pressures showed no change following interruption 


in 19/20. Sixteen patients from the original group of patients with 


prophylactic interruption were studied hemodynamically. No 
pulmonary embolism was clinically evident. One new case of 
deep vein thrombosis was seen. Again, venous hemodynamics 
showed no change es a result of IVC interruption. Prophylactic 
IVC interruption is a safe means of decreasing the incidence of 
pulmonary embolism without increasing venous-related morbid- 
ity. 
(Arch Surg 174:1087-1040, 1979) 


EM of tbe inferior vena cava (IVC) is a safe and 
effective operacion to protect against fatal pulmonary 
emboli. Some authers have advocated the use of prophylac- 
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tic IVC interruption on a selective basis.'? Since the true 
incidence of pulmonary embolus following aortic surgery is 
unknown, the value of routine interruption of the IVC 
remains controversial. We report our clinical experience 
with a hemodynamic assessment of patients undergoing 
prophylactic placement of an IVC clip at the time of 
abdominal aortic reconstruction. 


PATIENTS 


Initially, we reviewed the clinical course of 200 consecutive 
patients undergoing aortic reconstruction.’ Between 1960 and 
1977, 68 patients underwent aortic surgery without prophylactic 
application of a vena cava clip, due to individual surgeon’s 
preference, These patients were compared with 132 patients who 
had similar operations performed from 1970 to 1978 and who had 
prophylactic interruption of the IVC (Table 1). The patient groups 
were matched for sex, age, type of procedure performed, and 
factors predisposing to venous thromboembolism. Pulmonary 
embolisms occurred in seven of the 68 patients in the group 
without IVC interruption and were fatal in two. In any patient 
with the suggested diagnosis of pulmonary embolus, as evidenced 
clinically by dyspnea, hemoptysis, or chest pain, or by a “highly 
suspicious” lung scan, the diagnosis was confirmed by pulmonary 
anteriography. There were no clinically evident or arteriographi- 
cally confirmed pulmonary embolisms in patients who underwent 
prophylactic interruption of the IVC. 

The incidence of deep vein thrombosis was identical in both 
groups (9%). Patients with a positive Homans’ sign, leg tender- 
ness, or swelling underwent phlebography. Leg edema greater 
than a 2-em increase in calf or thigh girth without evidence of deep 
vein thrombosis by phlebography occurred in 5% of the group with 
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IVC interruption and 095 in the group without IVC interruption. 
These results appeared to indicate the value of an IVC clip in the 
prevention of pulmonary emboli. However, a full understanding of 
the potential hemodynamic changes in the peripheral venous 
circulation secondary to interruption of the IVC was lacking. 


MATERIALS AND METHODS 


Consequently, to evaluate the immediate hemodynamic changes 
following placement of an IVC clip, 20 additional patients 
undergoing aortic reconstruction were observed for a period of up 
to one year. The mean age of these patients was 64 years. The sex 
ratio was 2.5 male patients to 1 female. Four aneurysmectomies 
and 16 aortofemoral reconstructions were performed in this group. 
There was no preoperative history of previous pulmonary embo- 
lism, deep vein thrombosis, or varicosities in any of these 
patients, 

In addition, 16 patients were randomly selected from the 
original group undergoing prophylactic interruption of the IVC to 
undergo similar hemodynamic assessment. These patients repre- 
sent a sample of the long-term hemodynamic effects of interrup- 
tion of the IVC. 


Hemodynamic and Anatomic Studies 


The following preoperative, intraoperative, and postoperative 
studies were performed on the 20 patients selected for the study of 


immediate effects of IVC interruption. 


Preoperative Studies.— Peripheral Venous Pressure.—To obtain 


= peripheral venous pressures, an 18-gauge cannula was inserted 


into a vein on the dorsum of the foot and connected to a 


Strain-gauge transducer by a disposable polyethylene tubing filled 


with heparinized saline. The center of the transducer diaphragm 


. was placed level with the tip of the cannula. Venous pressure was 


recorded with the patient standing upright. Once the pressure was 
stable and a regular fluctuation with respiration was visible, the 
patient was asked to perform maximum heel raising on the spot 
and in time with a metronome 5, 10, or 20 times or to tolerance. 

Maximum Venous Outflow.—Maximum venous outflow mea- 


.  Surements were obtained using the segmental plethysmograph 
(Pulse Volume Recorder). With the patient in the supine position, 
pressure cuffs were applied to the thigh and calf of each leg. The 


thigh cuff was inflated to 60 mm Hg and the calf cuff to 3 to 5mm 
Hg to obtain close contact with the skin. The recording was taken 


. as the thigh cuff was released. Maximum venous outflow was read 
. . as the slope of the subsequent volume/time curve. 


_ Leg Girth.—Calf and thigh measurements were obtained 6 cm 
above the superior portion of the patella and 6 em below the tibial 
tuberosity. 

Intraoperative Studies.-Inferior vena caval pressures were 


i measured directly before and after caval interruption by inserting 
an 18-gauge butterfly needle caudad to the site chosen for the IVC 


clip. This was attached by polyethylene tubing to a saline-filled 
manometer and the pressure recorded. A metal clip was placed 
immediately below the right renal vein and above the right 
gonadal vein following completion of the aortic reconstruction. 
The caval pressure was again measured. 

Postoperative Studies.— Peripheral venous pressure measure- 
ments were obtained by the previously described method. Maxi- 
mum venous outflow measurements and calf and thigh girth 
measurements were repeated. Prior to discharge from hospital, all 
patients had ascending phlebography performed by the Paulin- 
Rabinov technique’ to assess the presence of thrombus in the deep 
venous system and vena cava. 

Peripheral venous pressure measurements and maximum 
venous outflow measurements were obtained and phlebography 
was performed in the 16 patients from the original group to 
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Table 1.—Postoperative Developments With and Without 
Inferior Vena Cava (IVC) Clip* 


Development Ir cidence, 96 

Pulmonary embolism+ 

With IVC clip 0 

Without IVC clip 10 
Deep vein thrombosist 

With IVC clip 9 

Without IVC clip 9 
Leg edema$ 

With IVC clip 5 

Without IVC clip 0 


*Two hundred patients were examined, 132 with the IVC clip and 68 
without the IVC clip. 

TShown on pulmonary arteriography. 

iShown on deep vein thrombosis phlebography. 

§Incidence was recorded at six months following surgery. 





Table 2.—Immediate Hemodynamic Effects of 
Prophylactic Inferior Vena Cava Clip* 










Measurements, Measurements, 
Preoperative Postoperative 
Mean + SEM Meam + SEM 












Hemedynamic Assessment 


Peripheral venous 
pressure, mm Hg 
Basal resting 


After exercise 
AVPex,t 96 
Maximum venous outflow, cc/s 
IVC pressure, mm Hg 


Leg circumference, cm 
Thigh 















78.4 + 3.2 
50.3 + 5.0 


80.2 + 2.0 
55.3 + 4.0 
i 31 

3.7 -- 0.3 





























41.9 - 2.0 
31.6 - 1,7 


41.4 + 1.6 
30.7 + 1.51 





*N = 20. 
TChange in venous pressure with exercise. 


determine the potential late hemodynamic changes following 
interruption of the IVC. 


RESULTS 
Immediate Study Group 


Clinical.—There was no clinically evident pulmonary 
embolus in the immediate study group. No pati2nt had a 
suspicious postoperative lung scan or required pulmonary 
angiography. Leg edema developed six weeks rostopera- 
tively in one patient, but both a patent inferior vena cava 
and deep venous system were demonstrated cn repeat 
phlebography. In one patient acute leg edema developed in 
the early postoperative period, and the patient was found 
to have a unilateral iliofemoral thrombosis with a patent 
inferior vena cava. In both cases the leg edema was easily 
controllec with elastic stockings. 

There vas no direct morbidity or appreciable increase in 
operating time directly related to the applicaticn of the 
IVC clip. 

Hemodyrnamics.— Peripheral Venous Pressure.—No sig- 
nificant change in the basal resting venous pressure was 
noted following placement of the IVC clip (Table 1). The 
fall in pressure with exercise (AV Pex) averaged 30% to 40% 
prior to irterruption and was comparable to that neasure- 
ment after interruption. The inability of the patients with 
aortoiliac occlusive disease to exercise due to claudication 
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. and rest pain significantly altered the maximum fall in 
venous pressure with exercise. 

Maximum - Venous Outflow.—When compared with 
normal values, there was no evidence of increased 
resistanee to venous flow preoperatively, which correlates 
with the absence of venous disease clinically. Interruption 
of the IVC was not associated with an alteration of the 


maximum venous eutflow value from Bregperague val- 


ues. 


Caval Pressure.—Direct caval pressures were- almost 
identical before and after interruption. Of interest, the one 


patient with early Jiofemoral thrombosis had an imme- 


diate 9-mm rise in caval pressure following enp applica- 3 


tion. 


Leg Girth.—Postoperative calf and thigh measurements 


showed only a mirimal increase over the preoperative 
values (Table 2). In the one patient with early iliofemoral 


thrombosis, there was a 6-cm increase in thigh girth anda | 


5-cm increase in calf girth. The one patient with leg edema 


but without phlebegraphically demonstrated deep a 


thrombosis had a 3-cm increase in calf girth. 


Phlebegrapay.—Pestoperatively, 19 of 20 patients thd 


patent vena cavas without thrombi. There was no phlebo- 


graphic evidence of deep vein thrombosis below the knee. 


One patient had iliofemoral thrombosis. One patient 
required repeat phlebography for late development of leg 
edema, but no thrombi were demonstrated. — — 


Late Study Group 


Clinical.—No patient had a clinical history suggestive: of 
pulmonary embolism during the follow-up period, and none 
required lung scam or pulmonary angiography. In one 
patient, leg edema developed six months postoperatively 


and was trected with elastic stockings. One patient with | 


previous deep vein thrombosis, pulmonary embolism, and 
chronic edema continues to wear support hose. No patient 


required anticoagulation therapy i in the postoperative es ; 


od or during follow-up. 
Hemodynamics. —Peripheral Venous Pressures. M 


compared with nermal values, eight patients exhibited 


elevated basal resting venous pressures. The AVPex aver- 


aged 50% to 60% and again correlated well with the 


patient's exercise .olerance. 


Maximum Venous Outflow. —No patient evidenced | 


increased resistance to venous outflow. | 


Phlebegrashy.—Postoperatively, 15 of 16 Paloni had 


patent vena cavas One patient had an occluded iliac vein. 
The patient with previous deep vein thrombosis had resid- 


ual thrombi wher comparison was made with previous 


phlebograms. "Wn 


COMMENT 


The vascalar surgical patient is at risk for venous 
thromboembolic complications. Major risk factors include 
previous pulmonary embolism, previous deep vein throm- 
bosis, varicəse ve-ns, previous myocardial infarction, and 
congestive heart failure.* Our initial review of 200 patients 
revealed an incidence of major risk factors in 39% of 
patients undergomg prophylactic IVC TUA and in 
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389, of patients in the group without IVC interruption. 
Some authors advocate prophylactic IVC interruption only 
in patients with these major risk factors. If these major 
risk factors are used as the single set of criteria for 
prophylactic IVC interruption, then 60% of patients in our 


study would be excluded from treatment. The fallacy of 


this approach to protection against pulmonary embolism is 
demonstrated by the clinical findings of nine patients in 
the group without IVC interruption who had no previous 
history of venous disease. Pulmonary embolisms developed 
in six patients (in one, the embolism was fatal), and deep 
vein thrombosis developed in three others. 

Because of this risk for venous thromboembolism follow- 
ing surgery, the use of prophylactie low-dose heparin 
sodium has been advocated. The effectiveness of this 
regimen in the prevention of pulmonary emboli has been 
questioned and is insufficient therapy for proven deep vein 
thrombosis. The standard full therapeutic regimen with 


E heparin. sodium is associated with well-documented compli- 
cations. Š In our initial review of 200 patients, 17 required 
Y postoperative heparin. therapy either for deep vein throm- 

. bosis or for pulmonary embolism. A complication of postop- 

erative” heparin therapy developed in four of these 17 

3 patients: retroperitoneal hemorrhages in two, wound 
hematoma in one, and gross hematuria in one. Intracaval 
. devices such as an umbrella filter or coil can protect the 
~ patient who has either postoperative deep vein thrombosis 
| or complications from heparin therapy, but the risks of this 
additional procedure in | the postoperative period must be 
considered. 


The prevention of fatal pulmonary embolisms by IVC 
interruption has been well demonstrated.**"° Following 
IVC interruption, venous stasis varies from 10% to 50% in 
reported series." In our review of 200 patients, IVC 


interruption was associated with an incidence of deep vein 


thrombosis of 9% and leg edema without phlebographic 
evidence of deep vein thrombosis of 5%. Ambulatory 


= venous hypertension appears to be a major factor asso- 


ciated with the complications of venous stasis. During 


exercise, the “calf muscle pump" lowers venous pressure in 


the dependent limb and reduces venous volume. It is well 
known that the superficial venous pressure during exercise 


-fails to decrease significantly in chronic venous insuffi- 


ciency. 33 Ambulatory venous pressures measured during 
the study of immediate hemodynamic changes failed to 
decrease to normal ranges (Table 2). This would imply a 
relatively high incidence of underlying venous disease in 
our patient population. These findings, however, were 
more likely the result of the patient’s inability to exercise 


- due to arterial insufficiency. This explanation is supported 


by the results of ambulatory venous pressure measure- 


ments obtained in 16 patients selected for long-term 


follow-up, which showed more normal AVPex following 
reconstructive surgery. 

The maximum venous outflow defines the rate of venous 
emptying following the release of external venous 


compression and is a measure of proximal resistance 


within the peripheral venous system. Thrombosis within a 


deep peripheral vein without the development of signifi- 


alle 
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cant collateral flow increases the resistance and prolongs 
venous outflow. As seen by our hemodynamic studies, there 
was no increase in maximum venous outflow and therefore 
in peripheral venous resistance following interruption of 
the IVC. 

Interruption of the IVC has been implicated as a predis- 
posing factor to the development of late venous stasis 
complieations. In patients with documented deep vein 
thrombosis and pulmonary embolisms requiring therapeu- 
tie IVC interruption, the severity and extent of the 
thrombotic process in the lower extremity rather than 
actual caval interruption probably plays a more dominant 
role in the development of the stigmata of chronic venous 
insufficiency. Three observations support the contention 
that prophylactic IVC interruption per se does not increase 
the incidence of chronic venous insufficiency: (1) In our 
initial review of 200 patients, the incidence of postopera- 
tive deep vein thrombosis in the group with IVC interrup- 
tion was identical with that seen in the group without 


interruption. (2) In the 20 patients studied for immediate | 


hemodynamic changes, IVC interruption was associated 
with no acute change in venous hemodynamics. (3) In the 
16 patients selected for long-term follow-up, venous hemo- 
dynamics were similar to those observed in the immediate 
study group up to 5 years after interruption. The 9% 


incidence of deep vein thrombosis and a concomitant 10% | 


incidence of pulmonary embolism in the group without IVC 
interruption indicates that the vascular surgical patient 
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| E. / 
appear: at risk for venous thromboembolc disease. - 
Prophylactic IVC interruption does not alter this risk state, - 

but protects against fatal pulmonary emboli without lead- 
ing to ‘the sequelae of chronic venous disease. 


E 
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Positive Blood Culture as an 


Aid in the Diagnosis of 


secondary Aortoenteric Fistula 


David Rosenthal, MD; Ralph A. Deterling, Jr, MD; Thomas F. O’Donnell, Jr, MD; Allan D. Callow, MD 


€ The successful management of aortoenteric fistula (AEF) 


requires early diagncsis. To evaluate the accuracy of our diag- 


nostic approach, the »ospital course of seven patients with AEF 
was reviewed. In six satients, the initial bleeding episodes were 
of the low volume type characterized by hematemesis and 
melena or by melera alone. All patients were febrile. In six 
patients, biood cultures obtained preoperatively were positive for 
enteric organisms identical to those found in cultures obtained 
intraoperatively ‘rom the AEF site. Roentgenographic examina- 
tion of the upper gastrointestinal (GI) tract performed in three 
patients was diagnostic for AEF in only one. Endoscopy in seven 
patients revealed a breeding suture line in one. Angiography was 
not diagnostic n the six patients in whom it was performed. 
When patients are seen with the triad of GI bleeding, a history of 
aortic surgery, and *ever, aerobic and anaerobic blood cultures 
should be obtained If blood cultures are positive for enteric 
organisms, the diagnosis of AEF should be strongly suspected, 
and early surgical imtervention is indicated. 
(Arch Surg 1°4:1641-1044, 1979) 
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{Nne of the most disastrous complications of prosthetic 
O replacement of the abdominal aorta is the develop- 
ment of an aortoenteric fistula (AEF). The incidence of 
AEF has been reported to be as high as 10%' but usually 
ranges between 1%? and 4%.” Unrecognized, this complica- 
ton is uniformly fatal because of exsanguinating hemor- 
rhage. Even when it is diagnosed preoperatively, the 
problems encountered at surgery are formidable, and the 
mortality has exceeded 70% in some reported series.'^* 
Early diagnosis is crucial for the successful management of 
AEF. To determine the reliability of our diagnostic 
approach, the hospital course of seven patients with AEF 
was reviewed. 


PATIENTS AND METHODS 


All patients were men, ranging in age from 46 to 73 years (mean 
age, 58 years). Methods utilized to establish the diagnosis of AEF 
included fiberoptic endoscopy in seven patients, angiography in 
six, upper gastrointestinal (GI) film series in three, ultrasound 
echography in two, and blood pool scanning in one. Multiple 
preoperative aerobic blood cultures were obtained from all 
patients, and both aerobic and anaerobic blood cultures from 
one. 


Previous Graft Procedures 


All patients had had previous aortic replacement with a synthet- 
ic graft. An interval of two to 15 years (average of 5% years) 
elapsed between the earlier surgery and the appearance of an 
AEF (Table 1). Six of the earlier operations were elective surgery: 
three patients had abdominal aortic aneurysmectomy, two had 
aortoiliae grafting, and one had aorto-bilateral femoral grafting. 
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Patient/ 
Original Procedure Graft/Suture} Material 
Knitted Dacron/Tevdek 
Knitted Dacron/Tycron 
Knitted Dacron/Tevdek 
Knitted Dacron/Tevdek 
Woven Teflon/silk 
Woven Dacron/silk 
Woven Dacron/silk 


tTevdek, Teflon-coated Dacron; Tycron, silicone-treated polyester. 


*Abbreviations used are as follows: AEF, aortoenteric fistula; AAA, abdominal aorti 


Table 2.—Diagnostic 


Angiography 
Patient/Original Proceduret - 
1/AAA 


2/Al 
3/AAA 
4/AF 
5/AAA 
6/AAA 
7/Al 


Diagnostic 
accuracy 


Endoscopy 


H Normal 
Normal XA OA 
Normal Gastritis -> 

Normal Normal 

Normal tt Ogee pease LE. om 
Normal Bleeding suture line — 
Normal Bleeding ulcer 


*Ellipses indicate that diagnostic test was not performed. 


TAbbreviations are as follows: AAA, abdominal aortic. aneurysmectomy; AF, a 
{Upper gastrointestinal tract film series. aix COR Mea, ihe à 


vex 
s r 


One patient had emergency grafting for a ruptured abdominal 
aortic aneurysm. Knitted Dacron grafts were used in four 
patients, woven Dacron grafts in two, and a Teflon graft in one, 
The suture materials used were silk in three patients, Teflon- - 
. eoated Dacron (Tevdek) in three, and silicone-treated polyester l 


(Tycron) in one (Table 1). 


Diagnosis 


Six of the seven initial bleeding episodes were of the low volume 
type and were characterized either by hematemesis and melena 
(five patients), or by melena alone (two patients) (Table 1). No. 


patient was seen in shock. ae 


Fiberoptic endoscopy revealed a bleeding site in three of seven 
patients studied, but a bleeding suture line was visualized. in only 
one patient. Angiography was performed in six patients, but was 
not diagnostic (Table 2). Roentgenographic examination of the 


upper GI tract was performed in three patients but was diagnostic 
of AEF in only one (Fig 1). The results of ultrasound echography 
in two patients and blood pool scanning in one were negative. In 
only two patients was the preoperative diagnostie procedure 
definitive for AEF. Hence, despite an intensive preoperative 
series of studies, five of the seven patients underwent exploratory 
surgery without an established preoperative diagnosis. i 


Bacteriology 


Since all patients were febrile on admission, blood cultures were 
obtained. Enteric organisms grew in cultures obtained preopera- 
tively from six of seven patients (Table 3). In all patients, 
intraoperative cultures obtained from the AEF site yielded the 


same organisms as the preoperative blood cultures. Escherichia 
coli was most common, and Serratia marcescens next. A Proteus, 


Clostridium, and Enterobacter species also were grown. Four 


JA 
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Appearance of - 
. Fistula, yr 
Fever, melena 
. Fever, hematemesis, 
. Fever, hematemesis, 25 
_ Fever, hematemesis, melena _ t 
Fever, melena Es 
Fever, hematemesis, melena — - A 
Fever, hematemesis, melena 


: aneurysmectomy; AF, aortofemoral graft; Al, aortoiliac graft. 


a^ 2 A 
Echography/ 
Blood Pool Scan 


Enteric Organism 


i Seri D Blood Cultures 


Normal/ ... 
TUE 
YAT 

Normal/normal 


$ ) 
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ms blood cultures had a polymicrobial composition. In ene patient 
_ with both aerobic and anaerobic blood cultures, a Lactobacillus sp 


E 


ek to C OU cle cen 
.. was cultured anaerobically. 


Surgery 


The e or tic graft was removed in five patients, with reestablish- 

ent of circulation by axillo-femoral-femoral grafting. The duode- 

aa dO closed by jejunal serosal patching in foar patients 

y ication in two. In one patient the aortic graft was 

laced with a new synthetic graft, and division of the fistula 
action of a false aneurysm was performed. 

six patients who underwent surgical intervention, only 


me 


F 


one sui vived. Two patients who had surgery died within the 


ate (48 hours) postoperative period of card ac-related 
gressive multisystem failure (sepsis, renal and respira- 

, cardiovascular collapse) was the cause of death in the 

r patients. One patient did not have surgery. This 
3-year-old man with gangrenous changes in the entire 

ver extremity, suffered a massive stroke on tie day of 
admission Cardiovascular eollapse ensued, and he died the same 


day. 


COMMENT 


In 1953 one year after Dubost’s’ initial description of 


homograft replacement of an abdominal aortic areurysm, 


Brock* reported the initial case of aortoduodenzl fistula 


developing after insertion of an aortic bifurcation homo- 


e these early reports, AEF has been recognized 


5 
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Left, Roentgenogram of upper gastrointestinal tract showing extravasation of 
barium from third portion of duodenum. Right, Schematic representation, with 
aortic graft outlined. Note kinking of aortic graft with “coiled spring" sign. 


Table 3.—Bacteriology* 












Patient, 
Original Procedure Preoperative Blood Culture Intraoperative AEF Site Culture 
' 2"A! No growth No culture obtained 
RA! E coli, S marcescens E coli, S marcescens 





*Abbrewiations used are as follows: AEF, aortoenteric fistula; AAA, abdominal aortic aneurysmectomy; AF, aortofemoral graft; Al, aortoiliac graft. 


as a late complication of aortoiliac reconstructive proce- define contrast material around the graft (“coiled spring” 
dures." Although an aggressive approach has been sign), a defect in the bowel wall, partial intestinal obstruc- 
advised in the management of AEF," a uniform finding tion, an extraluminal sinus, or bowel displacement." ^? 
in our series was the delay from the appearance of Positive blood cultures for enteric organisms assisted in 
symptoms to diagrosis or exploration. establishing the diagnosis of AEF in six patients. Aerobic 
Preoperative diagnostic studies characteristically have a ^ organisms frequently identified in the upper GI tract are E 
low yield in the majority of patients with AEF, and coli and Klebsiella. The "paracolon" bacilli, Serratia, 
diagnosis is usually established at the time of emergency Proteus, and Enterobacteriacea species are less frequently 
laparotomy for cortrol of GI hemorrhage." The diagnostic ^ grown. In the terminal small bowel and colon the most 
accuracy of these procedures alone or in combination has prevalent organism is the anaerobie Bacteroides genus. We 
been reported as high as 50%” but generally ranges therefore recommend obtaining both anaerobic and aer- 


between 15% and 30%." obice blood cultures. 
Mir-Madjlessi fist described the endoscopic diagnosis of A positive blood culture report can arouse suspicion of 


AEF im 1973.* FXeroptic gastroduodenoscopy should be AEF within 12 hours, organism specificity can be obtained 
included in the imitial diagnostic testing of any patient in 24 hours, and antibiotic sensitivity within 48 hours. 
suspected of having an AEF. It is essential that the During this period, resuscitation is initiated and additional 
endoseopist examme the second, third, and fourth portions diagnostic tests may be employed to evaluate the patient's 


of the duodenum for (1) arterial bleeding, (2) a pulsatile eondition. After blood cultures are obtained, but before 


structure in the wall or lumen, (3) a suture line, or (4) a organism sensitivities are available, broad spectrum anti- 


bile-stained prostnesis."* biotic drugs should be administered. When organism and 
Aor-ography may demonstrate extravasation of contrast sensitivities are established, the appropriate antibiotic 

mater a! into the retroperitoneum or bowel lumen. Visual- ^ agent is then administered. 

ization ef a kinke! graft'* or a false aneurysm should make The high mortality reported in this series might have 

the physician suspect a diagnosis of AEF. been reduced had the diagnosis of AEF been established 


Encoseopy and aortography should always precede earlier. The diagnosis of AEF has usually been made by 
barium studies. Gastrointestinal contrast studies may exclusion. Fiberoptic endoscopy assists in ruling out the 


Arch Surg—Vol 1*4, Sept 1979 Aortoenteric Fistula—Rosenthal et al 1043 





a 


E La 
aa cy 


) 


"j 
e 
1 


T CM ur | 7 e 


"$^ 
DN it Lob 


MT EET 


=) of 
— te 
ER S 


EX 
i 
S 





more common causes of GI bleeding, but may not be 
diagnostic due to the inflammatory reaction at the AEF 
site, and rarely demonstrates graft or suture line through 
the eroded bowel. The diagnosis of AEF by angiography or 
GI film series is most often not definitive. Since results of 
orthodox diagnostic efforts are usually negative or incon- 
clusive, aerobic and anaerobie blood cultures should be 
obtained in patients seen initially with GI bleeding, a 
prosthetic graft, and fever. When blood cultures are posi- 
tive for enteric organisms, AEF can be strongly suspected 
and early surgical intervention is indicated. 
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£ CONCLUSION 


The successful management of AEF requires an early - 
diagnosis. No single procedure—angiography, endoscopy, 
or upper GI film series—is regularly diagnostic for AEF. 
When patients are seen with the triad of GI bleeding, a 
history of aortic surgery, and fever, aerobic and anaerobic 
blood cultures should always be obtained. If the blood 
cultures are positive for enteric organisms, the diagnosis of 
AEF should be strongly suspected and early surgical 
intervention is indicated. 
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Consider the criteria 


for choosing » 
-Avitene 


Microfibrillar Collagen Hemostat 


When sutures or cautery may injure vital tissue, secondary necrosis or fistula 
formation may occur. Avitene forms an adhesive physiologic platelet plug 
which controls bleeding without damaging vital tissue. 

















When additional sutures may compromise vascular anastomoses or increase 
bleeding by tearing weakened vessel walls, Avitene provides effective 
hemostasis without producing vascular stenosis. 


When bleeding sites are inaccessible to suture ligation, use of Avitene 
minimizes the need for time-consuming dissection and avoids tissue trauma 
resulting from organ manipulation. 


. When there is generalized bleeding from vascular or friable tissues, 
Avitene adheres tenaciously to bleeding surfaces, providing rapid hemostasis 
with minimal foreign body reaction. Avitene is the topical hemostat 
which has even been demonstrated to control splenic bleeding. 


When there is bleeding from cancellous bone, Avitene, unlike bone wax 
and oxidized cellulose, controls bleeding without interfering with bone healing. 
And Avitene readily conforms to irregular surfaces and cavities, where 
other topical hemostats may be difficult to apply. 


When bleeding could prolong surgery by obscuring your visual field, 
use of Avitene permits surgery to proceed more quickly and also 
reduces the risks of prolonged anesthesia. 


When minimizing blood loss is critical, the use of Avitene 
may diminish the need for blood replacement and so avoid the potential 
complications of transfusion. 


0r whenever conventional methods 
of hemostasis are ineffective or impractical. 


Consider the advantages of Avitene... 


Reacts quickly with blood to trigger hemostasis 

Adheres to irregular bleeding surfaces even without suturing 
Rapidly effective; stable clot is established within minutes 
Readily absorbed by the body; no interference with healing 


„particulary in cardiovascular surgery 


Effective in heparinized patients 
Ne stenotic effect in vascular anastomoses 
Controls bleeding from sternotomy 
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Avit 
Microtibrillar 
Collagen Hemostat 


An important option 
whenever rapid and reliable 
hemostasis is required 


General Surgery 


Controls bleeding from vascular and 
friable tissues 


Effective in multifocal bleeding 


Cardiovascular Surgery 
No stenotic effect on vascular anastomoses 
Controls bleeding from sternotomy 
Effective in heparinized patients 
Controls high pressure bleeding 


Orthopedic Surgery 
No interference with bone healing 


Conforms easily to irregular surfaces 
and cavities 


Gynecologic Surgery 
Controls bleeding from vaginal and 
bladder muscularis 


Avoids tissue trauma resulting from 
excessive suture ligation 


Neurosurgery 
Remains adherent during suctioning 
Does not need to be cut or shaped 
Does not swell 
Minimal foreign body reaction 


e » 
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Description: Avitene** (Microfibrillar Collagen Hemostat, or 
MCH) is an absorbable topical hemostatic agent prepared as a 
dry, sterile, fibrous, water insoluble partial hydrochloric acid salt of 
purified bovine corium collagen. In its manufacture, swelling of 
the native collagen fibrils is controlled by ethyl alcohol to permit 
noncovalent attachment of hydrochloric acid to amine groups on 
the collagen molecule and preservation of the essential morphol- 
ogy of native collagen molecules. Dry heat sterilization causes 
some cross-linking which is evidenced by reduction of hydrating 
properties, and a decrease of molecular weight waich implies some 
degradation of collagen molecules. However, the characteristics of 
collagen which are essential to its effect on the blood coagulation 
mechanisms are preserved. 
Indications: Avitene (MCH) is used in surgical procedures as an 
adjunct to hemostasis when control of bleeding by ligature or con- 
ventional procedures is ineffective or impractical. 
Contraindications: Avitene (MCH) should not be used in the clo- 
sure of skin incisions as it may interfere with the healing of the 
skin edges. This is due to simple mechanical interposition of dry 
collagen and not to any intrinsic interference with wound healing. 
By filling porosities of cancellous bone, MCH may significantly 
reduce the bond strength of methylmethacrylate edhesives. MCH 
should not, therefore, be employed on bone surfaces to which 
prosthetic materials are to be attached with methylmethacrylate 
adhesives. 
Warnings: Avitene (MCH) is inactivated by autoclaving. Ethylene 
oxide reacts with bound hydrochloric acid to form ethylene chloro- 
hydrin. This product should not be resterilized. It is not for injec- 
tion. Moistening MCH or wetting with saline or thrombin impairs 
its hemostatic efficacy. It should be used dry. Discard any unused 
portion. As with any foreign substance, use in con aminated 
wounds may enhance infection. 
Precautions: Only that amount of Avitene (MCH) necessary to 
produce hemostasis should be used. After several minutes, excess 
material should be removed; this is usually possib e without the 
re- initiation of active bleeding. Failure to remove excess MCH 
may result in bowel adhesions or mechanical pressure sufficient to 
compromise the ureter. In otolaryngological surgery, precautions 
against aspiration should include removal of all excess dry mate- 
nal and thorough irrigation of the pharynx. MCH contains a low, 
but detectable, level of intercalated bovine serum protein which 
reacts immunologically as does beef serum album. Increases in 
anti-BSA titer have been observed following treatment with MCH. 
About two-thirds of individuals exhibit antibody titers because of 
ingestion of food products of bovine origin. Intradermal skin tests 
have occasionally shown a weak positive reaction t BSA or MCH 
but these have not been correlated with IgG titers to BSA. Tests 
have failed to demonstrate clinically significant elicitation of anti- 
bodies of the IgE class against BSA following MCH therapy. Care 
should be exercised to avoid spillage on nonbleeding surfaces, par- 
ticularly in abdominal or thoracic viscera. Teratolagy studies in 
rats and rabbits have revealed no harm to the aniraal fetus. There 
are no well-controlled studies in pregnant women; therefore, MCH 
should be used in pregnant women only when clearly needed. 
Adverse Reactions: The most serious adverse reactons reported 
which may be related to the use of Avitene (MCH) are potentia- 
tion of infection including abcess formation, hema oma, wound 
dehiscence and mediastinitis. Other reported adverse reactions 
possibly related are adhesion formation, allergic reaction, foreign 
body reaction and subgaleal seroma (report of a single case). The 
use of MCH in dental extraction sockets has been reported to 
increase the incidence of alveolalgia. Transient laryngospasm due 
to aspiration of dry material has been reported following use of 
MCH in tonsillectomy. 
How Supplied: In | g and 5 g sterile jars of sterile microfibrillar 
collagen hemostat. all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken Content of jar 
is sterile until opened. 29986 


*"Avitene" is a registered trademark of Avicon, Inc., 
distributed by Alcon Laboratories, Inc. 
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Limitations of Noninvasive Evaluation of 


Carotid Occlusive Disease 


John E. Herrmaan, ML; Mohan Korgaonkar, MD; Bruce S. Cutler, MD 


e A series of 32 patients examined by two different noninva- 
sive techniques in two different laboratories and by cerebral 
angiography were retrospectively studied. Significant differ- 
ences in ophthalmic artery pressures as measured by oculo- 
pneumopiethysmography (OPPG), and significant delays in 
ocular pu:se arrival time combined with characteristic recorded 
bruits as determined by oculoplethysmography carotid phono- 
angiography (OPG/CPA) were considered as an index of carotid 
stenosis. Cereb-al angiography was performed on all 32 patients 
to confirm or refute the diagnosis suggested by noninvasive 
testing. Ir this selected group of patients with difficult diagnostic 
problems, only 67% oi significant (greater than 50% diameter) 
stenoses were detected bv OPPG, and only 5896 by OPG/CPA. 
Combinirg OPPG and OPG/CPA increased the probability of 
detecting agreater than 50% diameter stenosis to 92%. 

(Arch Surg 114:1049-1051, 1979) 


C endartereetomy has become one of the most 
common peripaeral arterial operations performed in 
this country. _ndicacions for operation still remain highly 
eontroversial, particularly in regard to the asymptomatic 
carotid stenosis. Cerebral angiography remains the defini- 
tive diagnostiz procedure. However, the time, necessity for 
hospitalization, expense, and definite risk associated with 
this procedure makes angiography impractical for screen- 
ing and fellow-up evaluation. 

A number of noninvasive diagnostic tests have been 
developed for purposes of screening patients with possible 
extracranial cerebrevascular occlusive disease and for long- 
term observation of patients treated both medically and 
surgically. Angiography is therefore reserved for use only 
in those patients with probable significant lesions or 
evidence of progression of disease. | 

Two of the most popular of these noninvasive tech- 
niques-oculoplethysmography /carotid phonoangiography 
(OPG/€PA), developed by Kartchner and McRae, and 
oceulopneumoolethysmography (OPPG), developed by Gee 
et aP-bave been available at the University of Massachu- 
setts Medica. Center and affiliated hospitals for several 
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years. The two instruments are, however, located in differ- 
ent laboratories and at different hospitals. 

Since these tests became available, over 1,500 examina- 
tions have been performed at these two laboratories. A 
number of false-negative and false-positive results, with 
both techniques, soon became apparent. In an effort to 
determine and compare the accuracy of these two noninva- 
sive tests, the project described below was undertaken. 

This study is a retrospective analysis of the cases of all 
patients who were examined by both techniques at the 
University of Massachusetts Medical Center and who had 
cerebral angiography performed within a short period of 


- time during the period of May 1976 through May 1978. This 


small series probably represents a group of patients with 
greater than average diagnostic problems, since only in 
these few instances were both procedures requested. 


PATIENTS AND METHODS 


The laboratory records of the Cardiovascular Center at the 
University of Massachusetts Hospital and the Peripheral Vascular 
Laboratory of the Worcester City Hospital were reviewed and the 
names of all patients examined for cerebrovascular disease in both 
laboratories were obtained. The records of all patients who were 
examined in both laboratories within a brief period of time were 
selected, and the cases of those patients who also had cerebral 
angiography performed shortly after both tests were chosen for 
further study. The noninvasive tests were reinterpreted blindly to 
insure accuracy, and the cerebral angiograms were reexamined 
carefully for evidence and degree of cerebrovascular occlusive 
disease. Thirty-two patients were found who met all criteria for 
the study. 

In the 32 patients selected for the study, there were 18 men and 
14 women ranging in age from 40 to 83 years, with a mean age of 
65 years. Seven patients were seen initially with asymptomatic 
bruits, seven with vertigo or dizzy spells, six with hemispheric 
transient ischemic episodes, five with syncopal attacks, two with 
transient visual symptoms and two with vague intermittent 
neurological symptoms. Unilateral bruits appropriate to the symp- 
toms were present in nine patients, bilateral carotid bruits in five 
patients, and multilevel bruits in four patients. Ten patients had 
no bruits and four patients had unilateral bruits opposite the 
appropriate side expected on the basis of symptoms. 


OPG/CPA 


Oculoplethysmography /carotid phonoangiography, a noninva- 
sive method, was used at the University of Massachusetts Hospital 
Cardiovascular Center and was performed and interpreted accord- 
ing to the technique detailed by Kartehner and McRae.’ Ocular 
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pulsations from both eyes are measured simultaneously using 
sensitive pressure transducers attached to the eye by a fluid-filled 
system and corneal contaet cups held in place by mild negative 
pressure. The two ocular pulse waves and a third differential wave 
form are recorded simultaneously on a photoelectric recorder. Ear 
pulse wave forms are also recorded using photoelectric earlobe 
transducers and the same recording system. Delays in pulse wave 
arrival time between the eyes and between the eyes and ear lobe 
signify significant occlusive disease in the arterial supply to the 
area where the delay is noted. When combined with CPA, an 
oscilloseopie recording of the bruit as detected by a sensitive 
microphone, an estimate of the degree of stenosis can be made 
based on the length of the pulse delay and the nature of the bruit 
recorded by CPA. 


OPPG 


Oeulopneumoplethysmography was employed in the Peripheral 
Vaseular Laboratory at the Worcester City Hospital. The OPG 
attachment to the segmental volume plethysmograph (Pulse 
Volume Recorder) was used to measure the systolic pressure in the 
retinal artery of each eye by the method described by Gee et al.? A 
negative pressure of 300 mm Hg, corresponding to a retinal artery 
pressure of 110 mm Hg, is applied to a scleral suction eup on the 
lateral surface of the eye. The suction is gradually released until a 
pulse wave form appears, as measured by a transducer in the 
system connected to a strip chart recorder. The point at which the 
pulse wave appears is correlated with the suction level at that 
instant and indicates the retinal artery systolic pressure. A 
pressure gradient of 4 mm Hg or more between the eyes or a 
pressure of less than 66% of the brachial artery systolic pressure 
was interpreted as a positive test. 


Cerebral Angiography 


Selective contrast studies of each of the cerebrovascular arteries 
was performed by the percutaneous transfemoral technique under 
local anesthesia. Intracerebral as well as extracerebral studies in 
two planes were available in most cases. Subtraction studies of 
suspicious areas were routinely performed. 

The degree of stenosis was estimated by comparing the minimal 
diameter of the angiographic image of the stenosis with the 
diameter of the artery in a relatively normal area (no evidence of 
stenosis or poststenotic dilation). In most cases, the diameters in 
two planes could be measured and averaged. Percent stenosis was 
calculated by subtracting the minimal diameter from the normal 
diameter, dividing by the normal diameter, and multiplying by 
100. The degree of stenosis calculated by this method is consider- 
ably less than the actual degree of stenosis in terms of reduction of 
cross-sectional area but is used by convention for comparison with 
other studies.** 


RESULTS 


The patients were grouped according to angiographic 
criteria as follows: no evidence of carotid disease (0%), 
disease present but less than 50% diameter stenosis 
(<50%), 50% to 70% diameter stenosis, greater than 70% 
diameter stenosis (— 7096), and total occlusion (100%). The 
results of the OPPG and OPG/CPA studies in comparison 
with these angiographic findings are given in Table 1. A 
large number of both false-positive and false-negative 
results are obvious. 

If the results are grouped according to the presence or 
absence of any degree of stenosis, a truer picture of the 
diagnostic accuracy of the two noninvasive procedures in 
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this group of patients is apparent (Table 2). The accuracy 
of the test is defined as the percentage of true positives 
and true negatives in the series. The sensitivity of the test 
is the percentage of positive tests in patients with disease 


Table 1.—Accuracy of OPPG and OPG/CPA Compared 
with Degree of Stenosis by Angiography* 


No. of Patients 


<50% 50%-70% >73% 10096 
OPPG 

Positive 

Negative 
OPG/CPA 

Positive 

Negative 4 


*Angiographic criteria given in percent diameter stenosis. OPPG, 
oculopneumoplethysmography; OPG/CPA, oculoplethysmography / carot- 
id phonoangiography. 


Table 2.—Accuracy of OPPG and OPG/CPA in Cetecting 
Carotid Stenoses* 


No. of 
Patients 
———À 96 
Sten- Sten- r ISEKGEI HS SUME EE L, 
osis osis Accu- Sens- Speci- 
Result Absent Present racy tivity — ficity 


OPG/CPA 


Posi- 

OPPG + tive 
OPG/CPA Nega- 
tive 


*OPPG, oculopneumoplethysmography; OPG/CPA, oculcplethysmog- 
raphy/carctid phonoangiography. 


Table 3.—Accuracy of OPPG and OPG/CPA in Detecting 
Carotid Stenoses of >50%* 


No. of 
Patients 
—— % 
Sten- Sten- 
osis osis Accu-  Sensi- Speci- 


Result <50% >50% racy tivity — ficity 


OPG/CPA 


Posi- 

OPPG + tive 
OPG/CPA Nega- 
tive 


*OPPG, oculopneumoplethysmography; OPG/CPA, oculoplethysmog- 
raphy/carotid phonoangiography. 
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Table 4.—Analysis of False-Positive and False-Negative 
OPPG and OPG/CPA Examination Results* 


OPPG OPG/CPA 
. False-pasitive -esults 
Intracrenial disease 







Ophthaimic artery disease 
Not explained 










False-negative results 
Systolic hypertension 3 0 
Bilatera! disease ; 1 5 
Minimal disease 3 2 
Not expiained 2 2 
False results explained 9/12 (75%) 9/15 (60%) 






Overall 66% 





*OPPG, oculopneumorlethysmogrephy; OPG/CPA, oculoplethysmog- 
raphy /carotid phonoangiegraphy. 


proved by angiograpay, and the specificity of the test is the 
percentage of negative tests in patients without disease. 
Similarly. if the presence or absence of a stenosis of 
greater than 50% diameter is considered, the accuracy, 
sensitivity, and speeifieity of the two tests are given in 
Table 3. Both tests demonstrate unacceptable rates of 
false-pesitive and false-negative results with respect to 
this group ef patien:s. If, however, the results of the two 
tests are comb:ned se that a positive OPPG or OPG/CPA is 
listed as positive, -he sensitivity of the two tests is 
increased to 8€% for the presence of any degree of stenosis 
and 92% for the presence of a stenosis greater than 50% of 
the lumen diameter. This is a more acceptable level for a 
screening test, but the large number of false-positive 
combinec examinations decreased the specificity of these 
noninvasive tests. 

Closer examiratioa of the results showed that the OPPG 
and OPG/CPA test results agreed and were accurate by 
angiographic criteria in 14 (44%) of the patients. The two 
tests disagreed in 1€ (50%) of the cases; and in two (6%) of 
the cases, both tests were wrong. 

The reason for fhe false-positive and false-negative 
examination results could be determined in 66% of the 
cases. These reasons are given in Table 4. The presence of 
intraeraria! cr ophthalmic artery disease are obvious 
causes far false-positive results. Minimal, hemodynamical- 
ly insignificant lesions are likewise explainable causes of 
false-negative examination results, and yet an ulcerated 
plaque witheut stemosis may be highly significant. The 
OPG/CPA, which depends upon comparing one side with 
the other, is particularly insensitive to equal bilateral 
disease, resulting in five false-negatives in this series. The 
OPPG method is not accurate in patients with systolic 
hypertension : 7:145 mm Hg) and really should be consid- 


ered an inconclusive study rather than a false negative. - 


The OPPG is not sensitive to well-compensated stenoses 
with good collateralization. Neither technique can differ- 
entiate a tight stencsis (a surgical lesion) from a complete 
occlusion (2 nonsurgical lesion). 


COMMENT 


The aeeuracy of OPG/CPA and OPPG as reported in the 
literature has variec widely. Kartchner et al‘ has reported 
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an accuracy of 90% using the OPG/CPA technique in a 
series of 936 patients who had arteriography performed. 
Persson; in a discussion of the above report,’ confirmed 
these results. Gee et al^ have reported 100% accuracy in 
detecting occlusions or preocclusion stenoses in a series of 
61 patients using the OPPG technique. Machleder and 
Barker’ reported an overall accuracy of 31% using the 
OPPG technique and an accuracy of 89.5% using the 
OPG/CPA procedure. McDonald et al* reported an accura- 
cy of 97% with the OPPG method and 86% with the 
OPG/CPA technique. Lack of uniform criteria and defini- 
tion of a significant stenosis prevents direct comparison of 
these studies and the current series. 

The lower accuracy rate in our series in part reflects the 
more strict criteria utilized for comparison and may also 
reflect a bias of patient selection toward the more difficult 
diagnostic problems. A combination of techniques such as 
OPPG and OPG/CPA appears to be more accurate in 
detecting possibly significant oeclusive disease. In this 
series, a combination of OPPG and OPG/CPA was 92% 
accurate in detecting stenoses of greater than 50% diame- 
ter reduction. Brewster et al* have reported similar 
improved accuracy with a combination of OPPG, CPA, and 
Doppler examination. | 

At the present time, we are unwilling to accept negative 
results from a single noninvasive test as a definite indica- 
tion of the absence of significant carotid occlusive disease. 
This is of major importance in evaluating a patient with an 
asymptomatie carotid bruit. Negative results by both 
OPPG and OPG/CPA, however, does confirm the absence 
of significant (>50%) stenotic lesions with a high degree of 
aceuracy. The addition of cerebrovascular Doppler exami- 
nation,’ Doppler imaging, or other noninvasive procedures 


may further improve diagnostic accuracy, but were not | 


evaluated in this series. Symptomatic patients should be 
evaluated by angiography in all cases, however, since 
neither noninvasive test can detect hemodynamically 
insignificant ulcerated plaques or significant vertebrobasi- 
lar disease. 
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Simplified Splanchnic Artery 
Revascularization Using 
Extra-anatomic Bypass Grafts 


A Report of Ten Cases 
Keith A. Wichterman, MD, Horace C. Stansel, Jr, MD 


e Revascularization of the superior mesenteric artery or renal 
artery is frequently complicated by concomitant atherosclerotic 
disease in the adjacent aorta. In ten patients, extra-anatomic 
saphenous vein bypass grafts to the splanchnic vessels were 
constructed and inflow was obtained from the external iliac 
artery. All patients recovered without complication and have had 
functioning grafts on follow-up arteriography. This extra- 
anatomic bypass provides a simple method for splanchnic artery 
revascularization. 

(Arch Surg 114:1052-1055, 1979) 


he development of effective techniques to treat ather- 

osclerotie disease of the splanchnic vessels continues 
to be a challenge to the vascular surgeon. Conventional 
bypass grafting from the aorta is often difficult because of 
associated disease in the abdominal aorta. Endarterecto- 
my'? is also frequently difficult because of extensive local 
disease and problems in gaining adequate control of the 
adjacent aorta. In order to simplify revascularization of 
visceral arteries, we have explored extra-anatomic bypass 
grafting techniques as a means of treating patients with 
atherosclerotic disease of the splanchnic bed, as well as pa- 
tients with aortic aneurysms involving the renal arteries. 

The technique involves grafting the saphenous vein from 
the external iliae artery to a point on the recipient artery 
distal to the obstructing lesion. We have used the external 
iliac artery as the inflow source because it usually is not 
severely diseased, provides excellent flow, and is technical- 
ly easier to control and suture to than the aorta. We prefer 
and have used autogenous saphenous vein rather than 
synthetie materials for each graft. 

We have had the opportunity to operate on ten patients 
with lesions involving splanchnic vessels that required 
revascularization. Three of these patients were seen with 
abdominal aortic aneurysms in which the renal arteries 
originated from the aneurysm. Three other patients were 
seen with classic superior mesenteric artery insufficiency 
syndromes, and four patients with severe renal artery 
stenoses, hypertension, and associated advanced athero- 
sclerotic disease of the adjacent aorta. 

All patients did well and no patient has died in a 
follow-up period of 14 to 60 months (average of 40 months). 
All patients agreed to a postoperative angiographie study, 
and in each case, the bypass graft was patent. 
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REPORT OF CASES 


Case 1.—The patient, a 65-year-old man, was admitted to the 
Yale-New Haven Medical Center for evaluatior of severe 
systemic hypertension that was essentially refractory to medical 
management. An aortogram revealed almost complete occlusion of 
the proximal portion of the left renal artery and severe atheroma- 
tous disease of the entire abdominal aorta. The remaining find- 
ings of the diagnostic examination were compatible with a 
diagnosis of ischemic left kidney and, accordingly, the patient was 
prepared for surgery. After a suitable segment of the greater 
saphenous vein had been harvested, the abdomen was opened via a 
left paramedian incision. The saphenous vein was enastomosed 
end-to-side to the left external iliac artery, tunneled in a retroper- 
itoneal plane, and anastomosed to the left renal artery. An 
aortogram obtained one year following the operative procedure 
demonstrated patency of the saphenous vein graft. The patient's 
blood pressure was normal on administration of a 256-mg dose of 
methyldopa (Aldomet) twice daily (Fig 1). 

Cask 2.—A 53-year-old woman was admitted to th» Yale-New 
Haven Medical Center for evaluation of abdominal pam associated 
with weight loss. The results of a diagnostic study were compatible 
with chronic superior mesenteric artery insufficiency syndrome, 
and an aortogram demonstrated complete occlusion of the superior 
mesenteric artery with severe associated disease in the abdominal 
aorta. The superior mesenteric artery was isolated as it passed 
beyond the third portion of the duodenum and was found to be a 


- soft collapsible vessel that did not have a palpable pube. The vein 


graft was run in the retroperitoneum between the left external 
iliac artery and the superior mesenteric artery just distal to the 
duodenum. The postoperative course was uneventful, and on 
discharge, the patient noted complete relief of the previous 
postprandial abdominal discomfort. Postoperative aortography 
demonstrated a patent graft, and when the patient was last seen 
two years postoperatively, she had gained 16 kg (35 lb) in weight 
and was asymptomatic (Fig 2). : 

Case 3.—A 68-year-old man was admitted to the hospital for 
evaluation of an abdominal aortic aneurysm. An aortogram 
obtainec during preoperative diagnostic studies demonstrated 
origin of both renal arteries from the aneurysm. Th2 remaining 
results of the preoperative studies were within normal limits. The 
greater saphenous vein was removed from the groin to the knee. 
The abdomen was opened and the renal arteries were dissected 
free to their junction with the abdominal aneurysm. The left 
external iliac artery was isolated and found to be a soft and normal 
blood vessel. The sequence of repair involved first, an anastomosis 
between the saphenous vein and the left external iliae artery; 
following this, the saphenous vein was tunneled in a retroperitone- 
al plane and anastomosed end-to-end to the left renal artery. The 
period of renal ischemia was less than ten minutes. A separate 
segment of saphenous vein was then sutured to the saphenous vein 
going to the left kidney, brought across the midl ne, sutured 
end-to-end to the right renal artery, and flow was reestablished to 
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Fig 1 —Left, >meoperative arteriogram re- 
vealing almost complete occlusion of 
proximal left renal asitery and severe ather- 
omatous disease of adjacent aorta. Right, 
Postoperative arterogram demonstrating 
patent saphenous vein graft from left iliac 
artery © left -enal artery. 


Fig 2.—Pcs:ope-ative arteriogram demonstrating patent saphe- 
nous vein graf trom left external iliac artery to completely 
occluded superio: mes=nteric artery. 
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this kidney. Then the abdominal aortic aneurysm was resected in 
routine fashion, with the left limb of the graft being sutured to the 
common iliac artery after completion of the proximal anastomosis. 
Flow was then established to the left iliac arterial system after 
any clots and atheromatous debris, which might have entered the 
renal cireulation, had been cleared. This period of renal ischemia 
was approximately 20 minutes. The right limb of the bifurcation 
graft was then anastomosed to the right common iliae artery. The 
postoperative period was uneventful, and an aortogram obtained 
jus: prior to discharge demonstrated patency of all grafts. This 
patient has been followed up for two years and continues to do well 
(Fig 3). 


COMMENT 


Isolated case reports of extra-anatomic bypass proce- 
dures used to establish visceral and renal circulation have 
been published, but these cases have usually been ones in 
which conventional revascularization techniques were not 
feasible. Use of the splenic artery to revascularize the 
kidney has been described by many authors,*'" but this 
technique is useful only for left renal artery lesions.’ Its 
use is further limited because one must ensure that there is 
no occlusive disease in the splenic artery that would limit 
arterial infiow. Liberatino et al" have used a hepatic-right 
renal artery bypass to treat two patients with renovascular 
hypertension. This procedure, like the splenorenal bypass, 
may be useful in selected patients, but it requires major 
upper abdominal dissection to isolate the inflow vessel. 

Others have reported isolated examples of saphenous 
vein bypass grafts to the renal artery that originate from 
the superior mesenteric'"'* or mideolie'" artery. All of these 
procedures involve proximal anastomoses with vessels 
smaller than the iliac artery, and there may be technical 
problems in attaining adequate inflow. 

Belzer et al'? have reported ex vivo renal artery recon- 
struction and extra-anatomic reimplantation to the iliac 
vessels in ten patients, with good results. Because of the 
complexity, however, this procedure is restricted to use in 
patients who have arterial disease that precludes bypass or 
in situ repair. 

Examples of extra-anatomic bypass grafts used to revas- 
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Fig 3.—Left, Preoperative arteriogram demonstrating both renal arteries originating from 
abdominal aortic aneurysm. Center and right, Postoperative arteriograms demonstrating 


both kidneys being perfused by saphenous vein grafts that originate in left external iliac 
artery. 





Fig 4.—Technique for repair of abdominal aortic an 


eurysm when renal arteries originate from aneurysm. Saphenots vein 
grafts are constructed from external iliac artery to 


perfuse both kidneys, then abdominal aortic aneurysm is resected. 


Fig 5.—Left, Preoperative arteriogram demonstratin 


g accessory renal artery from right kidney that originates from portion of 
aneurysm. Center and right, Postoperative arterío 


grams demonstrating bifurcation graft with extra-anatomic vein graft. 
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D rize the superior mesénterie artery and he celiae 
artery have also bsen reported. Robicsek et al" and Farha 
et al’ have described retrograde perfusion of the splenie 
artery graftec to the thoracic aorta. Daily and Fogarty" 
recently used a saphenous vein to provide a celiac angio- 
plasty and a celiac artery-to-superior mesenteric artery 
bypass graft. Other extra-anatomie methods that have 
been reported include an axillo-mesenteric saphenous vein 
graft," a common iliae-ileocolie anastomosis," a right 
iliae-to-ileocolie artery vein graft,“ and a common 
iliae-to-superior mesenteric artery bypass graft." 

Reported examples of bypass grafts from the external 
iliac artery tə splanchnic vessels have been few. An 
external iliac-to-superior mesenteric artery extra- 
anatomic synthetic bypass graft was used by Crawford et 
al in two patients with previous aorto-iliac bifurcation 
grafts who later had intestinal ischemia. Also, Morris et al* 
have reperted examples of a unilateral and bilateral 
common iliac-to-renal artery revascularization graft for 
patients in whom the aorta was an unsuitable inflow 
vessel. 

The advantages of extra-anatomic bypass grafting are 
several, but most important is that it simplifies the 
revascularization procedure. For example, in cases involv- 
ing the supericr mesenteric artery where atherosclerosis 
usually involves that vessel near its origin, one does not 
need to dissect eut the abdominal aorta. The only segments 
that need to be controlled are the superior mesenteric 
artery beyond the eccluding plaque and the external iliac 
artery in the pelvis. The vein graft is placed in a retroper- 
itoneal plane and is connected to both the inflow and 
recipient vessels in conventional end-to-side fashion. 

The same techniques are utilized for reconstruction of 
the renal arteries. If the iliac artery anastomosis is 
performed first, the total period of renal ischemia is 
usually less than the ten minutes required to perform the 
single end-to-end anastomosis between the renal artery 
and the saphenous vein. Although we have not had the 
opportunity to revascularize the inferior mesenteric 
artery, there are certain patients with occlusive or aneu- 
rysmal vascular disease in whom the inferior mesenteric 
artery is an important source of blood supply to the left 
colon. Certainly this extra-anatomic technique would 
markedly simplify revascularization of the inferior 
mesenteric artery. 

In the presence of an abdominal aortic aneurysm where 
the renal vessels originate from the aneurysm itself, 
conventional reconstruction of such a lesion involves tech- 
niques such as suturing of the renal arteries onto the graft 
replacing the abdominal aorta,” autotransplantation of a 
kidney to pelvis," or complex grafting procedures in which 
aecessory Dacror arms are sutured to the host bifurcation 
graft to revascularize the involved renal arteries." 
Others" have sugzested using splenorenal and hepatorenal 
anastomoses to revaseularize the kidneys before repair of 
the aortic aneurysm. These techniques, however, are 
complex and may be associated with problems related to 
bleeding and graft failure. 

The technique that we have used involves dissection of 
the aneurysm and preparation for resection, after which 
autogenous Saphenous vein is run in a retrograde fashion 
from a relatively normal external iliac artery to the renal 
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artery on one or both sides (t 






interruption, renal perfusion can then be resumed. Next, 
conventional resection of the abdominal aortic aneurysm 
can be performed with appropriate maneuvers to prevent 
embolization to the renal and iliac vessels. The entire 


operation can be performed with only two short periods of . 


renal ischemia and should be associated with the usual low 
morbidity for resection of an uncomplieated abdominal 
aortic aneurysm (Fig 5). 

The extra-anatomic bypass utilizing saphenous vein 
from the external iliac artery is a useful technique for 
revascularization of often complex lesions of the splanchnie 
arterial system. In our experience with ten cases, we found 
that it was easier and safer to perform than grafts arising 
from the aorta, and the technique is flexible enough that it 
can be used for most patients requiring splanchnic revas- 
cularization. 


Nonproprietary Name and Trademark of Drug 
Methyldopa—Aldomet. 
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for the treatment of acute postoperative and postpartum non- [ |. | 


obstructive (unctional) urinary retention and for neurogenicatony j 


of the urina~) bladder with retention 
e helps in tiate micturition and empty the bladder 
e often makes Hadder catheterization unnecessary 
e available in irsectable and oral forms | 


URECHOLINE (Bethanechol Chloride, MSD) should not be used — 
when the strength or integrity of the gastrointestinal or bladder 
wall is inquestior, or in the presence of mechanical obstruction. 


Contraindicatioms: Fypersensit vity to Tablets URECHOLINE (Bethanechol 
Chloride, MSD) er to any component of Injection URECHOLINE; hyperthyroidism, 
pregnancy, pertic ulcer, latent ar active bronchial asthma, pronounced bradycardia 
or hypotension wasorrotor instability, coronary artery disease, epilepsy. and parkin- 
sonism. Should mot be employec when the strength or integrity ofthe gastro- — . 
intestinal cr blader wall is in question, or in the presence of mechanical obstruc- 
tion; when incrsesed muscular activity of the gastrointestinal tract or urinary blad- 
der might prove Farmrul, as following recent urinary bladder surgery, gastro- 
intestinal resection ard anastomosis, or when there is possible gastrointestinal ob- 
struction; in blaader reck obstruction, spastic gastrointestinal disturbances, acute 
Te les-ons ef the gastrointestinal tract, or peritonitis; or in marked vago- _ 
onia. | 
Warnings: The sierilesoiution is for subcutaneous use only. It should never be 
given intramuscelarly or intravenously. Violent symptoms of cholinergic overstimu- 
lation, such as ciculÆory collapse, fall in blood pressure, abdominal cramps, 
bloody diarrhee, shoc’ , or sudden cardiac arrest are likely to occur if the drug is 
given by either of thes routes. Although rare, these same symptoms have occurred 
after subcutaneous insection, and may occur in cases of hypersensitivity or 

. overdosage. | 
Precautions: Special -are is required in patients receiving ganglion blocking 
compounds because e critical fa'l in blood pressure may occur; usually, severe ab- 
dominal symptoras appear before there is such a fall in blood pressure. In urinary 
retention, if the sohin- ter fails tc relax as the drug contracts the bladder, urine may 
be forced up the arete into the kidney pelvis; if there is bacteriuria, this may cause 
reflux infection | 
Adverse Reactioas: Aodominal discomfort, salivation, flushing of the skin (“hot 
feeling"), sweatirg. Large doses more commonly result in effects of para- 
sympathetic stinulatien, such as malaise, headache, sensation of heat about the 
face, flushing, co ickyspain, diarrhea, nausea and belching, abdominal cramps, 
borborygmi, asthmatic attacks, and fall in blood pressure. À 


Atropine is a specific «ntidote. A syringe containing a dose, for adults, of 0.6 m 
(1/100 grain) of acropiae sulfate should always be available to treat symptoms of 
toxicity. Use proportionately sma‘ler amounts for children. Subcutaneous injection 
is preferred excert in emergencies when the intravenous route may be employed. 
How Supplied: Tablet -, containing 5 mg, 10 mg, or 25 mg bethanechol chloride 
each, in bottleso: 10C and single-unit packages of 100; Injection, containing per 
ml 5 mg betharechol - hloride and Water for Injection q.s., in 1-ml vials. 
For more detailec information, consult your MSD representative or see full MSD 
prescribing informatio. Merck Sharp & Dohme, Division of Merck & Co., 

INC., West Point Pa. 13486 J6URO182(422) M 
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| |n the management 


of nonobstructive 
urinary retention, 


the advantages of the 
catheter must be 
weighed against its 
potential dangers. 


Catheterization to correct acute . 
urinary retention is often manda- 
tory. However, in other situations 
its benefits should be weighed 
against the trauma and discomfort 
it'can cause and the fact that 
infection following a single 
catheterization is a possibility. 
Moreover, the incidence rises 
dramatically after an indwelling 
catheter has been in place for 96 
hours, even with a closed sterile 
system. 
— . Incidence of Infection 
Following Catheterization 
Single Catheterization 
1% to 2% | 


Indwelling Catheterization 
approaching 30% to 50% 
at 96 hours 


Injection URECHOLINE (Bethane- 
chol Chloride, MSD) is for 
subcutaneous use only. If it is given 
intramuscularly or intravenously, 
violent symptoms of cholinergic 
overstimulation, such as circula- 
tory collapse, fall in blood pressure, 
abdominal cramps, bloody diar- 
rhea, shock, or sudden cardiac 
arrest are likely to occur. 


Although rare, these symptoms 
have occurred after subcutaneous 
injection and may occur in cases 
of hypersensitivity or overdosage. 


Atropine is a specific antidote. 

A syringe containing a dose, for 
adults, of 0.6 mg (1/100 grain) 
atropine sulfate should always be 
available to treat symptoms of 
toxicity. Use proportionately 
smaller amounts for children. 
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Experimental Surgery 


. Basic Requirements of Pancreatic 


Mass for Transplantation 


Luis H. Toledo-Pereyra, MD, PhD; Javier Castellanos, MD; Guillermo Manifacic, MD; Richard C. Lillehei, MD, PhD 


* In canine pancreas autografts, more than 20% (30% to 40%) 
of the pancreatic mass (body and distal head or proximal tail) is 
required for the establishment of a Satisfactory endocrine 
response. Transplantation of 20% of the pancreatic mass did not 
result in an adequate restoration of the endocrine function. We 
believe that this study gives a practical answer to the question of 
how much pancreatic mass is necessary for the establishment of 
normal functional response after transplantation. This autotrans- 
plantation model precludes the determination of the content and 
volume of transplanted pancreatic islets. Thus, our model indi- 
cates the requirements of the pancreatic mass of the specific 
anatomic areas that were transplanted, but does not indicate the 
actual amount of transplanted islets. 

(Arch Surg 114:1058-1062, 1979) 
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No. of Dogs 
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General Characteristics and Survival of Dogs Receiving Pancreatectomies and Transplanted Pancreases 


% of Pancreas 
Transplanted 


VR, 
2 10 Pancreas transplant 3/10 0 0 0 
3 z Pancreas transplant 30-40 7/7 6/7 4/7 4/7 
4 8 Pancreas transplant 60-70 8/8 8/8 7/8 6/8 


I is net well known how much pancreatic tissue is 

required to prevent hyperglycemia after pancreatecto- 
my or organ damage. In clinical practice, it is imperative to 
know how much pancreas can safely be excised before 
diabetes develops. Furthermore, for pancreas transplanta- 
tion it is important to determine the minimal amount of 
pancreatic mass that would prevent the appearance of 
diabetes. This work is an attempt to determine the basic 
requirements of panereatic mass for transplantztion. 


MATERIALS AND METHODS 


Adult mongrel dogs of either sex, weighing between 14 and 26 
kg, underwent general anesthesia with methohexital sodium for 
induction and halothane for maintenance (0.5% to 1.5%). The dogs 
received lactated Ringer's solution intravenously during the oper- 
ation, approximately 1 dL/hr. A dosage of 500 mg of methylpred- 
nisolone was given intravenously two hours before tke pancreas 
was excised. The abdomen was entered through a midl ne laparot- 
omy, and the pancreas was dissected out following the technique 
of Aquino et al' of pancreas excision for autotransplan-ation.? The 
pancreas was transplanted into the right iliac fossa. The vascular 
anastomcses were established with the end-to-end gastroduodenal 
artery to the internal iliac artery and the end-to-side gastroduode- 
nal vein to the inferior vena cava. The pancreatie duct was 
implanted into a loop of jejunum using the technique described by 
Aquino et al.! The abdomen was closed in a routine manner. The 












Survivors (No. of Dogs) 


>2 wk >1 mo 


2/7 0 0 


>1 wk 
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dog was plazed om a regimen of a total of 750 mL/day of a 
combination of lactated Ringer’s solution and a solution of 5% 
dextrose in water for three days. Thereafter, the diet was 
gradually resimed. Serum amylase and blood glucose levels? were 
measumed daily for three weeks, twice a week for another two 
weeks, and tien orce a week for at least four months. Serum 


Table 2.—Cause of Death in all Groups of Dogs 


Groups of Dogs, No. of Dogs 


———— 77U 


Died 1-7 Days 
After Operation 
Pancreatitis 
Vascular TFrambo-is 
Diabetes* 
Died 8 Days-2 mo 
After Operation 


Total 


*Sevese hyperglycemia in dogs that received pancreatectomies was 
referred :o as diabetes |t is obvious that in this acute iatrogenic hypergly- 
cemic state: the secondary and metabolic complications classically attrib- 
uted to Glabetes are nct present. ; 


Dr. um T. y x "i — — za — 4 m -— 
T Oe) dean, S08 pa T: 71775 
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insulin level’ was measured at random in the dogs in each group. 
Intravenous glucose tolerance tests were randomly performed in 
dogs from different groups after the administration of glucose in 
dosages of 0.5 g/kg of body weight. Samples for the measurement 
of blood glucose levels were taken at 0, 30, 60, 90, 120, and 180 
minutes postoperatively.* | 
The amount of pancreatic mass was determined by weighing the 
organs prior to transplantation. Since it is well known that the 
distribution, volume, and content of islets vary in the different 


` anatomic locations of the pancreas,’ we always used a portion of 


the body and distal head of the pancreas for the less-than-20% and 
30%-to-40% groups and the body, distal head, and proximal tail for 
the 60%-to-70% pancreas transplant group. 

Four groups of dogs were included in this study. Group 1 (n = 7) 
underwent pancreatectomies only, without any other procedure; 
group 2 (n = 10) received less than 20% of their pancreases in 
autotransplantation; group 3 (n = 7) received 30% to 40% of their 
pancreases in autotransplantation; and group 4 (n = 8) received 
60% to 70% of their pancreases in autotransplantation. All animal 
variables were compared statistically using analysis of variance 
and Student's t test. 

The six dogs that died in the first two days after transplanta- 
tion of unrelated causes or technical failures were eliminated and 
are not included in this study. Two of these dogs (groups 2 and 3) 
died of intra-abdominal anastomotic bleeding, another dog (group 
D died of pulmonary edema, two dogs (group 4) died of severe 
intussusception, and one dog (group 2) died of an anesthetic 
overdose. 


Fig 1 —Average blood glucose levels in all groups of dogs. Dogs receiving pancreatectomies or dogs in 
which less than 20% of pancreas was transplanted had early rise in blood glucose levels and levels 
rama nec high. Other groups showed minimal postoperative elevations that decreased to normal levels 


by day 4. 
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Fig 2.—Average serum amylase levels in all groups of dogs. Immediate postoperative elevations were observed. Dogs in 
which less than 20% of pancreas was transplanted showed initial high levels that decreased by day 5. Dogs receiving 
pancreatectomies had persistent upper-normal values. Dogs in which 30% or more of pancreas was transplanted had . 


normal levels from days 5 and 6. 


RESULTS 


Dogs that received a complete pancreatectomy lived only 
an average of seven days (Tables 1 and 2) and all died of 
severe hyperglycemia. Compared with the dogs receiving 
pancreatectomies, dogs in which less than 20% of the 
pancreas was transplanted did not survive for a longer 
time (P > .8). The average survival of dogs in which less 
than 20% of the pancreas was transplanted was eight days 
(Table 1) and most of them died of severe hyperglycemia 
also (Table 2). Dogs in which less than 20% of the pancreas 
was transplanted had a rise in blood glucose level immedi- 
ately after transplantation that did not return to normal 
values during the whole postoperative course (Fig 1). The 
serum amylase levels rose immediately after transplanta- 
tion, with a subsequent decrease by day 5 (Fig 2). Dogs in 
which 30% to 40% of the pancreas was transplanted had an 
adequate endocrine response after transplantation (Fig 1). 
Blood glucose levels returned to normal values in the first 
three days after transplantation and four out of seven dogs 
lived for more than two months (Tables 1 and 2). When the 
transplantation technique included 60% to 70% of the 
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pancreas, the pancreatic functional reserve afte? grafting 
(Fig 1 and 2) was normal. Six out of eight of these dogs 
lived for more.than two months (Tables 1 and 2). 

Insulin levels during the first ten days after surgery 
were high in groups 3 and 4 (Fig 3). Group 1 did not release 
insulin and insulin release was significantly deoressed in 
group 2. Glucose tolerance test results for grouns 3 and 4 
showed an adequate response at one week posttransplanta- 
tion (Fiz 4). The pancreases in groups 1 and 2 failed to 
return the blood glucose levels to normal values after the 
glucose tolerance test. 


COMMENT 


This study demonstrates that more than 20% ‘=> 30%) of 
pancreatic mass (body and distal head or proximal tail) is 
required to obtain adequate functional response after 
grafting. Long-term survival was observed only in the dogs 
in which 30% or more of the pancreatic mass was trans- 
planted. The glucose tolerance test results for -hese dogs, 
although depressed, tended to be within normal limits. 

Our experimental design answers only a simp'e question: 
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lewels in dogs receiving pancreatectomies or dogs in which less than 20% of pancreas was 


transplanted. Dogs in which 30% or more of pancreas was transplanted had normal or high insulin 
levels. | 
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Fig 4.—B!ood clucose levels after intravenous glucose tolerance . | Glucose, 0.5 g/kg IV 
test. All tests wer» perormed within one week after operation. For Jen 
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of pancreas was *ransolanted, levels remained high. Near-normal 
levels were observed in other groups of dogs. : cd 
0 
how much penerea (from the anatomic areas specified : | 
previously) needs tobe autotransplanted to prevent hyper- _ 240 MERC o DR 
glycemia. Altheugh it is a similar question, we did not s T. A 

address in our experiments how much pancreas needs to 365 ers ae: 
remain in a Gog o prevent hyperglycemia. This last Ix 6096 to 7096 Pancreas Transplant 
question was net addressed in our experiments because it 
is out of the scope of our pancreas transplantation studies. 
Furthermore, ir the zlinical situation, the relation between 
the pancreas r»mair ng after subtotal pancreatectomy and 120 
the developmen: of diabetes is highly variable, depending : 


on the status of the pancreatic disease and the age of the EE ; SS SENSN 


160 
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patient. i : 
It is important to 2mphasize that the canine pancreatic 

islets are not randonely distributed in relation to pancreatic 

mass; therefore. there are some chances for bias in our 

experiment. Eowevar, we always used similar anatomic 

pancreatic areas to eliminate this bias to some extent. It- 

was not feasible to «etermine the number and volume of © 


pancreatic islets, whch would have been ideal, because of | "ia S: A. Time, min 
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the nature of our autotransplantation experiments. If the 
volume and content of islets would have been determined, 


the segmental pancreas autotransplantation procedure - 


would have been impossible to carry out. _ 


Our study does not suggest that pancreatic autografts be 


used instead of insulin in patients undergoing pancreatec- 


tomy. Our study is merely the prelude to the rational use of 
segmental pancreatic allografts. In this work, we used the 


technique of pancreatic autotransplantation because it 
avoids the problem of rejection and immunosuppression 
that complicates the interpretation of the data in the 
allograft transplantation model. We should keep in mind, 
however, that rejection will undoubtedly take its toll in the 
final reserve pancreatic mass. TM. 
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Editorial Comment 


The authors of the preceding article have attempted to answer 
the question, "How much autotransplanted canine pancreas is 
necessary for maintenance of glucose homeostasis?" They have 
found that a third or more of the pancreas is needed to achieve this 


result. As the authors recognize, the distribution of islets in the _ 
pancreas is not completely uniform and they have not claimed to - 
have determined the percentage of total islets necessary for 
satisfactory endocrine function. On the other hand, their observa- 


tions have some relevance to the clinical situation in which 
experience with patients undergoing partial pancreatectomy has 
shown that diabetes can be prevented by far less than 100% of the 
human pancreas. T | 3 

This article adds further weight to the idea that allotransplan- 
tation of a portion of the human pancreas based on the splenic 
artery and using techniques such as those recently described by 
Dubernard' may be all that is needed to control diabetes, thus 


avoiding the necessity of transplanting the head of the pancreas 
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and the attached duodenum and the potential complieations 


associated with this maneuver. Transplantation of the intact 
ather than separated islet cell preparations is of consid- 
erable interest because some experimental and clinical studies 
suggest that islet tissue is less vulnerable to destruction by the 
transplantation immune response of the host if it is transplanted 
in the revascularized pancreas rather than as a suspension of islet 


lem. 


Ea 


cells, E immunological rejection remains a formidable prob- 


JOHN A, Mannick, MD 
Boston 


Reference 


L Dubernard JM, Traeger J, Neyra P, et al: A new method cf preparation 
of segmental pancreatic grafts for transplantation: Trials im dogs and in 
man. Surgery 84:5, 1978. 2 


á vw Ue Da "MAU, i 


: m te" A A 7 i 
- ' 


ç n 


Pancreas Transplant—Toledo-Pereyra et al 


- 





r Gs Yl Me ere. 4A ee a a bel = 
Eoo re EREET pu eM NT ITE T 


BERCI-SHORE 


CHOLEDOCHOSCOPE 


from Karl Storz 
with 
[HOPRINS) " 


J Telescope 















Cat. No. 28020A 
Cat. No. 280224 


À 


> 
N 






28020G 
28022G 


28020F 
- 28022F These forceps can be 
used with the 


x WEM ia 28020K Choledochoscope. 
^ ` 28022K 


27175A 


FOR REMOVAL OF RETAINED STONES UNDER 

VISUAL CONTROL DURING C.B.D. EXPLORATIONS 

m Fiber Optic Light Transmission. 

= Small Size (5 x 3mm or 15 x 9 Fr.). 

m Horizontal (working) Length, 40mm and 60mm. 

m instrument Channel for Flexible Foreign Body or Biopsy 
Forceps, Stone Baskets, Balloon Catheters, or 
Coagulation Electrodes. 

= HERTEL Rigid Dilator Stone Forceps and Rigid 
Biopsy Forceps. 

m (HOPKINS) Rod Lens Telescope with Enlarged 
View, Wide Viewing Angle, Infinite Depth of Field, 
Greater Fiber Optic Light Transmission, Brighter Image, 
Better Resolution and Contrast and Natural Color 

x : Reproduction. 

A Tradition of teadersh Ip = Documentation Equipment — Still, Cine or TV. 


in Craftsmanship and Design The Choledochoscope is also most suitable for Nephroscopy. 


References: Tompkins, R.E, Johnson, J., Storm, F.K., and Longmire, W.P.: Oper. Endo. in Mgmt. of Biliary Tract Neoplasms. Am. J. Sur., 132:174-82, 1976. Shore, J.M.: 
Mod. Appr. te Managing Som, Duct Stones. Contempo. Sur., 9:1976. Schein, C.J.: Infl. Of Choledochoscopy on Choice of Sur. Proc. Am. J. Sur., 130:74-77, 1975. 


Available Film: “Precise Biliary Explor.’ Shore, J.M.. and Berci, G., Cedars-Sinai Med. Ctr., Los Angeles. 
l * Invention of Prof. H. H. Hopkins 


EEEN O S a 
Karl Storz Endoscopy—Ameriea, Inc. 
65€ South San Vicente Blvd., Los Angeles, Ca. 90048 
FOR TOLL FREE SERVICE m 800-421-0837 Name (please print) 
(Exsept California) In California CALL (213) 651-1068 





A €——— M á— ————— HM ————————— 


Address 
Gentlemen: 
— Please send me further information. [C Please have a City State Zip 
Karl Stor. Representative phone me for an appointment. 
Thank you. Telephone 3, E Li e E eee 


C-1 





Portal Hypertension After 


Bile Duct Obstruction 


Effect of Bile Diversion on Portal Pressure in the Rat 


Dominique Franco, MD: Michelle Gigou; Anne-Marie Szekely, MD; Henri Bismuth, MD 


* Biliary obstruction of 14 and 28 days induced in the rat an 
increase of portal pressure (PP) and wedge hepatic vein pres- 
sure (WHVP)j; the higher these were, the longer was the obstruc- 
tion. Occurrence of portal hypertension seemed related to portal 
and periportal fibrosis. Relief of obstruction after 14 days by 
bilioduodenal anastomosis brought back to normal PP and 
WHVP. In rats with longer obstruction periods, bilioduodenal 
anastomosis failed to lower PP and WHPV although biological 
signs of cholestasis returned to normal levels. These results 


suggest that portal hypertension may arise very shortly after. 


biliary obstruction in rats and that it may persist in animals with a 
prolonged biliary obstruction despite an efficient bile drair 'ge. 
In clinical conditions, such results would favor early trea*ment of 
lesions that usually cause prolonged bile duct obstruction, such 
as postoperative bile duct stenosis. 

(Arch Surg 114:1064-1067, 1979) 


proren biliary obstruction provokes liver changes 
that disappear only slowly after relief of obstruction.’ 
In man, portal hypertension may even occur when biliary 
obstruction has lasted a long time." It has been suggested 
that portal hypertension could persist even though bile 
drainage is correctly ensured.*^ However, the persistance 
of portal hypertension in the absence of any sign of 
cholestasis has not been really demonstrated. The purpose 
of the present work was to study portal hemodynamies in 
rats after various periods of biliary obstruction and after 
relief of the obstruction by biliary anastomosis and more 
precisely, to determine whether portal hypertension may 
remain despite normal liver function. 
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MATERIAL AND METHODS 


Thirty-five male Sprague Dawley rats weighing 220 to 250 g 
were used. During the experiment, they were housed in individual 
cages, fed standard rat diet, and had water ad libitum. They were 
divided into five groups and underwent the following procedures: 
group A, biliary obstruction for 14 days (seven rats); group B, 
biliary obstruction for 28 days (seven rats); group C, biliary 
obstruction for 14 days followed by bilioduodenal anastomosis 
(eight rats); group D, biliary obstruction for 28 days followed by 
bilioduodenal anastomosis (seven rats); and group F, six normal 
rats serving as controls for liver function tests amd pressure 
measurements. 

Biliary obstruction was produced by a double ligation of the 
common bile duct (CBD) with a nonresorbable suture (7-0 silk). 
The upper knot was tied just below the junction o^ the lobular 
ducts and the lower tie was placed just above the juaction of the 
pancreatic ducts with the CBD. A small piece of CED of 10 mm 
length was resected between the sutures. 

In groups C and D, end-to-side bilioduodenal anastomosis was 
construeted between the dilated stump of the bile duct and the 
duodenum. The anastomosis was performed using two running 
sutures of 7-0 silk. The anastomotic stoma had a mean diameter of 
8 mm. 

All following studies were performed at the end ef the experi- 
ment, ie, 14 and 28 days after the obstruction in greups A and B 
and 28 days after the bilioduodenal anastomosis in groups C and D. 
Blood samples were obtained by puncture of the retro-orbital sinus 
for determination of serum bilirubin levels according to the 
technicue of Weber and Schalm’ and of serum alkaline phospha- 
tase levels with the use of the Boehringer PA test Bromosulfo- 
phthalein plasma disappearance rate (BSP-PDR) vas measured 
according to the technique of Berthelot et al* and exoressed as the 
fractional clearance of bromosulfophthalein plasma (BSP). 

A short midline coeliotomy was then performed under ether 
anesthesia and the portal vein was exposed. Portal pressure (PP) 
was measured by direct puncture of the portal vein with a 45/100 
needle and recorded on a square-wave electromagretic manome- 
ter. A polyethylene catheter (outer diameter: 0.96 mm, inner 
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Table 1.—Effect of Biliary Obstruction on Liver Biochemical Tests and Portal Hemodynamics 


Duration of 


Obstruction, Bilirubin, 


mg/cL 
6.6 + 0.4* 
6.4 + 0.37 
0.3 + 0.01 


Group B 7 rats) 


Group E i6 rats) No obstruction 


*BSP-PDR indicates bromosulfophthalein plasma disappearance rate. 
TSignificantly diffesent from group E (P < .001). 
TSignificantly diffesent from group E (P < .05). 


Alkaline 
Phosphatases, 
mU/mL 


Wedge Hepatic 
Vein Pressure, 
mm Hg 


Portal Pressure, 
mm Hg 


BSP-PDR*, 
% 


14.1 + 0.47 15.0 + 0.67 





T&ble 2.—Effect of Bilioduodenal Anastomosis on Liver Biochemical Tests and Portal Hemodynamics 
in Rats With Prolonged Biliary-Obstruction* 


Duration of 
Obstruction, Bilirubin, 
Days mg/dL 


Group D (7 -ats) 


Group E (5 ats) No obstruction; 0.3 + 001 


no anastomosis 


“All studies were performed 28 days after biliary anastomosis. 
TSignificantyy difiersnt from group E (P < .05). 
ISignificanty diferent from group E (P < .001). 


diameter: 0.58 mm was introduced into the hepatic vein of the 
median lobe through the right jugular vein, as already described 
by Chauvaud st al to record the wedge hepatic vein pressure 
(WHVP). 

Animals were then killed by exsanguination. The patency of the 
bilioduodena. znastemosis was directly checked at autopsy. In five 
rats of group Æ and five of group B, bile was obtained by puncture 
of the dilated bile duct stump for bacteriological studies. Liver 
specimens were taken for histological studies and stained accord- 
ing to standard anc Masson's trichrome techniques. 


RESULTS 


Results were expressed as mean + 1 SD. Comparison 
between groups was done according to the x? test. 


Effect of Biliary Obstruction on 
Liver Function Tests and PP 


After biliary ebstruction, there was an increase in serum 
bilirubin and alkaline phosphatase levels and a decrease of 
BSP clearance (Table 1). These changes were identical on 
the 14th (group A3 and 28th day after obstruction (group 
B). An increase m PP and WHVP was noted in both 
groups. This was more important in group B than in group 
A although the difference was not significant. 


Effec- cf Bilioduodenal Anastomosis on 
Liver Function Tests and PP 


Twenty-eizht days after bilioduodenal anastomosis, bili- 
rubin and alkaline phosphatase levels returned to normal 
values in bota zroups C and D (Table 2). Bromosulfophthal- 
ein plasma cleararce increased but remained lower than 
normal in beta zr»ups, particularly in group D in which 
biliary obstractien had lasted 28 days. In group C, with a 
14-day biliary obstruction, PP and WHVP returned to 
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Alkaline 
Phosphatases, 
mU/mL 


Bromosulfoph- 
thalein 
Plasma 

Disappearance 
Rate, 96 


Wedge Hepatic 
Vein Pressure, 
mm Hg 


Portal Pressure, 
mm Hg 


17.0 + 1.41 
6.5 + 0.05 





normal levels 28 days after bilioduodenal anastomosis. In 
group D, with a 28-day biliary obstructioa period, PP and 
WHVP did not decrease and remained sunstantially above 
normal values. 


Histology and Bacteriological Studies 


Prolonged biliary obstruction was characterized by the 
occurrence of an extensive portal fibrosis, bile canalicular 
proliferation, and infiltration of the portal tract with 
polymorphonuclear inflammatory cells. These changes 
were only moderate after a 14-day obstruetion in group A 
(Fig 1). When bilioduodenal anastomosis was performed at 
that time, bile canalieular proliferation and portal infiltra- 
tion totally disappeared: slight fibrosis was still present 28 
days after anastomosis. 

After a 28-day biliary obstruction (group B), histological 
changes were much more apparent than in group A as 
shown in Fig 2. Bilioduodenal anastoniosis after this period 
of obstruction (group D) did not change the histological 
pattern much. Bile canalicular proliferation and portal 
inflammatory cell infiltration decreased but portal and 
periportal fibrosis remained identical. Even, in two rats of 
this group, fibrosis extended throughout the lobules resem- 
bling what is usually described as secondary biliary cirrho- 
sis. 

Bacteriological studies wer: done. In the ten rats in 
which a bile sample was obtained (five from group A and 
five from group B), culture of bile was sterile. 


COMMENT 


In man, occurrence of portal hypertension is a well- 
known complication of secondary biliary cirrhosis after 
prolonged bile duct obstruction. The precocity of the 
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Table 3.—Morphological Changes in Rats With Prolonged 
Biliary Obstruction With or Without Biliary 


Anastomosis (Masson's Trichrome) 





Canalicular  Inflam- Cir- 
Group Fibrosis Production mation  rhosis 

14 days' obstruction + + + + ++ — 

28 days’ obstruction +++ +++ +++ — 
14 days' obstruction 

and anastomosis + — ae Mi 
28 days’ obstruction 

and anastomosis ++ + ++ + 





Fig 1.—Liver in group A (14-day biliary obstruction). Heavy 
inflammatory cell infiltration in portal tract (P) with bile canalicular 


proliferation; extensive portal fibrosis only slight (hematoxylin- 
eosin-safran, original magnification X 130). 


repercussion of biliary obstruction on portal pressure has, 
however, never been studied. In the dog, Ohlson et al* have 
shown that PP was slightly increased after a four-week 
obstruction of the CBD. In the present work, an increase in 
PP was seen in the rats as early as 14 days after biliary 
obstruction. The increase in PP was correlated to the 
duration of obstruction. The cause of portal hypertension 
in this situation is dubious. It has been suggested by 
Ohlson et al* that elevated PP was due to intrahepatic 
arterioportal shunts. However, the demonstration of such 
shunts using tagged microspheres was not clearly evident." 
In our rats, the increase of PP was associated with an 
inerease in WHVP, suggesting that portal hypertension 
was due to a postsinusoidal block. The mechanism of the 
block could be related to portal fibrosis produced by 
extrahepatic cholestasis. That postsinusoidal block may be 
due only to fibrosis remains uncertain. Although Sherlock” 
demonstrated a presinusoidal block in primary biliary 
cirrhosis, Lebrec et al have shown that a postsinusoidal 
block could be observed in this condition. In man, the main 
pathologieal feature of secondary biliary cirrhosis is an 
extensive fibrosis. Thus, it seems that portal hypertension 
may occur at an early stage of biliary obstruction and 
increase with the duration of the obstruction. Development 
of portal fibrosis seems to be responsible for the increase of 
portal pressure and may evolve toward secondary biliary 
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Fig 2.—Liver in group B (28-day biliary obstruction). Extensive 
portal and periportal fibrosis (F) with inflammatory cells and bile 
canaliculi proliferation (C) (Masson's trichrome stain, original 
magnification x 130). 


cirrhosis.* 

Whether drainage of bile is sufficient to lower portal 
hypertension remains under discussion. In a few clinical 
cases reported by Adson and Wychulis, Sedgwick et al, 
and Bismuth et al,” treatment of biliary obstruct on by a 
biliojejunal anastomosis did not decrease PP. However, in 
those cases, complete patency of the bile ducts was difficult 
to ascertain. In our animals, patency of bilioduodenal 
anastomosis was tested by autopsy, at the end of the 
experiment. Furthermore, biological signs of cholestasis 
had disappeared four weeks after bile diversion whatever 
the duration of obstruction was. Only BSP fractional 
clearance remained at abnormally low levels; this was 
previously mentioned by Aronsen' and could persist until 
seven months after bile diversion in dogs. However, 
decrease of BSP fractional clearance does not seem 
related to cholestasis in these experiments. Aronsen'" and 
Aronsen et al assigned the decrease of hepatic clearance 
of dyes to a decrease of hepatic blood flow and intrahepatic 
portal shunts.'*^* 

In the present work, portal hypertension disappeared in 
rats whose obstruction had lasted 14 days but persisted in 
rats whose obstruction had lasted 28 days. Permanent 
pathologieal changes might be the cause of persistence of 
portal hypertension: in rats with a 14-day biliary obstruc- 
tion, fibrosis almost totally cleared after bilioduodenal 
anastomosis while it was identical before and after anasto- 
mosis in rats with a 28-day biliary obstruction. 

It has been suggested in man that portal hypertension 
could even worsen despite bile diversion. In some cases of 
patients with secondary biliary cirrhosis, late occurrence of 
esophageal varices was noted although bile had been 
drained. Bismuth et al* described a patient in whom portal 
hypertension developed even though all signs of cholestasis 
had cleared and though the anastomosis was proved to be 
patent. Portal fibrosis could thus extend despite an effi- 
cient bile drainage. In two rats from our experiment in 
which a biliojejunal anastomosis had been performed 28 
days after bile duct obstruction, portal fibrosis was much 
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noe obvious thar in the group of animals killed after a 

28-day obstructien alone. Thus, it seems that portal fibrosis 
E consequently portal hypertension may worsen after 
correst but late Hile drainage. These results suggest that an 
efficient drainage of bile duct should take place as early as 


possible in the treatment of bile duct obstruction to avoid 
the onset or persistence of portal hypertension. 


This research was supported by grant 34-76-66 dh INSERM U-17 and 
by be = from the belay of Paris-South. 
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Editorial Comment 


The authors heve clearly demonstrated a causal relationship 
between complete extrahepatic biliary obstruction and portal 
hypertension ir tke rat. After our weeks of such obstruction, the 
induced portal hypertension is irreversible despite the reestablish- 
ment of biliary ecntinuity. The locus of resistance change within 
the rate liver i£ sinusoidal as indicated by the findings of 
periportal fibrosis aad elevation of the wedged hepatic pressure. 

The reiaticnshi» ef these findings to the problem of secondary 
biliary cirrhess n man remains moot. Complete extrahepatic 
obstruetion in acul: man has not been studied from a similar 
frame of reference. In fact, the critical clinical questions are: (1) 
Wha: degree cf tilimry obstruetion in man is necessary to excite 
the Gevelopment »f secondary diliary cirrhosis, and (2) Is the time 
regu red for c:rriosis to develop related to the severity of the 
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obstruction? We have seen the appearance of secondary biliary 
cirrhosis in patients whose sole biochemical manifestation of 
obstruction is elevation of the serum alkaline phosphatase activity. 
This appears after many months. Perhaps the authors will modify 
their experimental design and illuminate the answers to these 
problems. 

The reference to Sherlock is accurate. Dame Sheila has identi- 
fied the granulomatous nature of primary biliary cirrhosis as 
contrasted to the secondary acquired lesion. The earliest hemody- 
namic consequence of the primary disease is presinusoidal hyper- 
tension. 

ROBERT ZEPPA, MD 
Miami 
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Acute Diverticulitis of the 


Transverse Colon With Perforation 


Report of Three Cases and Review of the Literature 


Edward T. McClure, MD, John P. Welch, MD 


* Three cases of perforated diverticulitis of the transverse 
colon are added to 19 case reports in the English literature. This 
unusual disease entity is usually confused with acute appendici- 
tis prior to operation and with carcinoma of the colon during the 
procedure. The cause of these diverticula is unclear, and their 
clinical presentation resembles that of right-sided diverticula. 
Segmental resection of the transverse colon together with end- 
to-end anastomosis is the treatment of choice, except in the 
occasional instance of a large intra-abdominal abscess, when 
anastomosis may be deferred. 

(Arch Surg 114:1068-1071, 1979) 


i fadi of the colon with pericolic abscess formation 
is a well-recognized complication of sigmoid diverticu- 
lar disease. Perforated diverticulitis of the transverse 
colon, however, is rare. Three such cases seen in the past 
five years at the Hartford (Conn) Hospital form the 
subject of this report. 


REPORT OF CASES 


Case 1.—A 52-year-old woman entered the hospital on July 27, 
1973, with a one-day history of anorexia and steady right lower 
quadrant abdominal pain. Her bowel habits had been regular 
except for occasional "nervous diarrhea." She had previously 
undergone an appendectomy and total abdominal hysterectomy. 
The rectal temperature was 38.3 °C. Despite the presence of right 
lower quadrant tenderness, there was no involuntary guarding. 
After several days, a mass became palpable to the right of the 
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umbilicus. The hematocrit concentration was 39% and WBC count 
was 9,400/cu mm, with a shift to the left. Results of urinalysis and 
findings from serum amylase, BUN, and liver function tests were 
normal. Abdominal roentgenograms demonstrated a fev air-fluid 
levels in the region of the hypogastrium. The differentizl diagno- 
sis included acute cholecystitis, colitis, infarction of an appendix 
epiploica, and inflammation of a retained appendiceal sump. An 
oral cholecystogram, upper gastrointestinal (GI) series, end intra- 
venous pyelogram (IVP) were normal. Except for scattered diver- 
ticula, findings on a barium enema examination were rormal. A 
10 x 12-cm inflammatory mass in the right transverse colon was 
found at operation five days after admission. The presumed cause 
was diverticulitis. Segmental transverse colectomy with end- 
to-end anastomosis was done without drainage. A fecalith was 
present within a 1.2-em diverticulum in the opened specimen. 
Frozen section examination confirmed the diagnosis of local 
perforation of a solitary diverticulum. There was no gross abscess 
formation, but later, permanent sections showed considerable 
inflammation in the mesocolie fat. The postoperative course was 
smooth. When entering the hospital a year later for another 
illness, she gave no GI complaints. 

CASE 2.— A 62-year-old man entered the hospital on Nov 24, 1974, 
with right periumbilical pain associated with abdominel disten- 
tion. His temperature was normal. There was mild a»dominal 
tenderness in the right midabdomen and no abdominal masses 
were palpable. The hematocrit concentration was 44%. amd WBC 
count was 8.600/cu mm, with 60 neutrophils and four bard forms. 
A urinalysis showed more than 25 WBCs per high-power field, but 
no casts or RBCs. Liver function tests and the serum amrlase and 
BUN levels were normal. The differential diagnosis included acute 
appendicitis and acute cholecystitis. An oral cholecystogram and 
IVP were normal. A 7 x 15-mm duodenal ulcer was seen in an 
upper GI series. A barium enema examination demonstra-ed a few 
diverticula in the descending and sigmoid colon, but no aonormal- 
ities of the transverse colon (Fig 1). A neomycin sulfate bowel 
preparatory was begun, and due to continued abdominal pain of 
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gradually inereasinz severity, exploratory laparotomy was done 
several days subsequently. A 15 x 15-cm region of inflamed 
omentum was present on either side of the hepatic flexure. Small 
amounts of dear fluid were present in the peritoneal cavity. 

Sinee carcinoma was suspected, a right hemicoleetomy and 
end-to-end ileotrarsverse colostomy were performed. Frozen 
section, however, showed inflammation only and no evidence of 
malignant neoplasr.. There were no gross abnormalities of the 
duodenum. Tae postoperative course was uncomplicated except for 
an episcde of superficial thrombophlebitis. Final pathological 
sections showed diverticulitis of the hepatic flexure with severe, 
acute and chronic imflammation. 

CASE 3—A 47-yea=old woman entered the Hartford Hospital on 
Nov 10, 1977, with a one-day history of right lower quadrant 
abdominal pain and nausea. During the previous two years, 
guaiac-pesitive stoos had been documented on several occasions, 
but a barium enema examination and sigmoidoscopy had been 
normal. The rectal t2mperature was 38.3°. There was right lower 
quadrant tenderness and guarding, without a palpable mass. 
Bowel sounds were mormal. The hematocrit concentration was 41% 
and WBE count wa: 12,600/cu mm, with 85 neutrophils and four 
bands. Serum: amylase and BUN levels were normal. An operation 
was performed withsthe presumed diagnosis of acute appendicitis. 
However, an nilammatory mass was found in the right transverse 
colon, together with a normal appendix. Since a malignant 
neoplasm was suspected, a right colectomy and end-to-end ileo- 
transverse colostom- were done. Frozen section demonstrated no 
malignant changes but acute and chronic diverticulitis with 
perforation were present microscopically. The patient’s postoper- 
ative course was un-omplicated and she has remained well. 


COMMENT 


Diverticulitis o^ the transverse colon (including the 
hepatic and spleni- flexures) with localized perforation was 
first documented in a case report by Thompson and Fox in 
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1944. In the past decade, 589 operations have been 
performed for acute diverticulitis at the Hartford Hospital; 
the three cases discussed in this report represent 0.5% of 
the entire surgical series during the same period. In 
reviews of surgically treated cases of diverticular disease, 
the incidence of transverse colon diverticulitis has varied 
from 0.7% to 2.4957 Coleock? reported one successfully 
treated case of diverticulitis of the splenic flexure in his 
monograph on diverticular disease. In a group of acute 
colon perforations from diverticulitis, about 3% of perfora- 
tions were in the transverse colon.’ Botsford and Curtis’ 
described one instance of a solitary perforated diverticu- 
lum of the transverse colon in a series of 100 cases. Of 31 
patients with acute diverticulitis of the ascending colon, 
seven had disease situated at the hepatic flexure or 
proximal transverse colon, and four patients in this group 
had free perforation and generalized peritonitis. To our 
knowledge, less than 20 detailed case reports in addition to 
our own are found in the English literature. += 

Diverticular disease or diverticulitis is usually confined 
to the sigmoid colon by virtue of the small diameter, the 
inereased irritability, and the solid fecal contents in this 
portion of the colon. Implieated are "pseudodiverticula" of 
the acquired type appearing in segments of bowel with 
increased intraluminal pressure. The incidence increases 
with age (afflicting 50% of individuals more than 80 years 
of age), with a slight prevalence in males." 

Diverticulitis of the cecum or ascending colon is much 
less frequent, and its clinieal features resemble those of 
transverse colon diverticulitis rather than those of sigmoid 
diverticular disease. Wagner and Zollinger” collected more 
than 300 cases of diverticulitis of the right colon from the 
literature. Cecal divertieula are frequently solitary and 


Fig 1.—Preoperative barium enema view (case 2). Note normal 
appearance of hepatic flexure. 
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Fig 2.—Postevacuation barium enema. Solitary diverticulum is seen in 
transverse colon (arrow). 
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possibly congenital in origin.” Usually these are discovered 
in individuals younger than 50 years of age" ^ without 
diffuse diverticulosis, and they represent "true" diverticu- 
la, containing all layers of the bowel wall^' However, 
pseudodiverticula of the ascending colon have also been 
found in autopsy specimens.^ 

When a diverticulum of either type situated in the right 
colon becomes obstructed by a fecalith, there may be 
localized perforation. The clinical presentation may be 
confused with appendicitis,;^ although nausea and vomit- 
ing of acute onset is more likely to represent the latter." A 
mass is frequently palpable through the abdominal wall.*? 
Although demonstration of a fecalith by barium enema 
may suggest the diagnosis," the correct diagnosis is 
made preoperatively in only 5% of cases. Lauridsen and 
Ross" suggest the value of palpating the diverticular 
ostium through the bowel wall at operation, especially 
when a fecalith is present within the diverticulum. Pseu- 
dodiverticula situated in the right colon may be related to 
aging or to the postappendectomy state," and they have 
been implicated as a cause of massive hemorrhage. They 
rarely are involved because of severe inflammation. 

Less is known about the cause and natural history of 
transverse colon diverticula. Wagner and Zollinger” state 
that transverse colon diverticula represent about 10% of 
the total number in the colon. In a postmortem study of 90 
patients with known divertieulosis, Hughes? found 
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Fig 3.—Photomicrograph of 1-cm pseudodiverticulum (note inter- 
ruption of muscular layer) in transverse colon (case 3). Section is 
from bowel peripheral to acute inflammatory changes. Some 
fibrosis is present in pericolic fat. 
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involvement of the transverse colon 20% of the time; in 
another postmortem survey, 17% of the patients with 
diverticula had disease situated in the transverse colon." 
In the lat-er study, one patient had an isolated diverticu- 
lum of the transverse colon. 

Some interesting comparisons can be made with diverti- 
eula of the ascending colon or cecum. The average age of 
patients with transverse colon diverticulitis is £2 years, 
compared with 63 years for all colon segments." Taere is a 
noticeable preponderance in females; the inflamed trans- 
verse colon diverticulum is frequently solitary.'^'-5 Asso- 
ciated sigmoid diverticular disease is sometimes »resent. 
At least three individuals in the literature had 10 other 
diverticula visible in barium enema studies'*'^ (Fig 2). 
Most perforated diverticula of the transverse color seem to 
be pseudodiverticula without a muscular coat? (Fiz 3). It is 
conceivab-e that some of these diverticula are congenital 
with dest-uction of the muscular coat by perforation and 
surroundiag inflammation," just as is seen with cecal 
diverticul-tis.*° 

Occasionally an abdominal mass is palpated. The pre- 


operative diagnosis in nine of the reviewed cases was acute 


appendici-is. Some confusion in diagnosis may oe attri- 
buted to a low-lying segment of transverse colon." The 
correct diagnosis was made preoperatively in orly three 
cases in tae literature, always by barium enema examina- 
tion.'^"* Although there are no specific clues to the diagno- 
sis, some suspicion should be raised in the patient who has 
had a precious appendectomy, and a barium enema may be 
considered. Demonstration of the solitary divertizulum in 
the transverse colon is of interest, but is not valuable 
unless indammatory changes or perforation are seen. 
Furthermore, a normal-appearing transverse eclon does 
not rule vut the presence of diverticular disease in the 
segment case 1 and 2) (Fig 1). Ultrasonography can be 
done rap-dly and differentiates reliably betweea intra- 
abdominal abscess and inflammation in skilled hands.” 
Reflectior of ultrasonic waves by gas complicates exami- 
nation of the GI tract, however. Some unusual s2condary 
manifestetions of diverticular perforations in the trans- 
verse colon have occurred, including formation of a gastro- 
colic fistula, colocutaneous fistula, and subcutaneous 
emphysema of the lower extremity." 

The correct diagnosis is usually made at operation. If a 
localized area of inflammation is found, a diverticular 
perforatien may be suspected. More commonly, a larger 


- mass with surrounding inflammation, easily confused with 


carcinoma of the colon, is present. Other conditions to 
consider are foreign body perforation, actinomycosis, 
tuberculosis, granulomatous colitis, and amoebic colitis. 
In the zase of an easily recognizable diverticulum with 
local peroration and little involvement of the adjacent 
bowel well, divertieulectomy is probably adequate.’ This 
approach has also been successful in the treatment of 
solitary iaflamed cecal diverticula.” When minimal inflam- 
mation is present, the ostium of the diverticulum may be 
palpable within the bowel. In the event an inflammatory 
mass is “ound, we see little advantage to colotomy and 
biopsy since sepsis and death have resulted from such a 
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procedare in patients with cecal diverticulitis.” The 
increased mortality of primary resection (as compared 
with bwpsy or lczal resection) reported in past series” is 
probally not apolieable due to the current availability M 
antibicties. 

Despite the absence of a Sake preparation in most 
cases, a segmental resect.on of the transverse colon 
(includ ng the diverticulum and surrounding inflammation 
and possible abscess) should be done in the absence of | 
obviously pathobgical mesenteric nodes. Suspicious lymph 
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nodes should undergo biopsy. If carcinoma is suspected or 


 eonfirmed by frozen section, wide resection is necessary. 


When a large abscess is encountered, anastomosis may be 
deferred and the two ends of the transverse colon brought 
to the level of the skin. 

The overall mortality 1 in the literature case reports is 9%. 
. The two deaths were attributed to sepsis in patients with 
large intra-abdominal abscesses.'*'^ The patient described 
by Pickels. et al^ died Sete a laparotomy was s done. 
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Right Paraduodenal Hernia 


A Source of Chronic Abdominal Pain in the Adult 


Kevin Turley, MD 


* Right paraduodenal hernias are a relatively rare congenital 
malformation with a total of 50 clinical cases having been 
reported. This anomaly can be seen as total encapsulation of the 
small bowel or a single loop within a hernia sac. Symptoms are 
often chronic vague abdominal pain and intermittent obstructive 
episodes. Barium studies in patients with moderate and large 
defects, and angiography in small hernias may provide the 
diagnosis. The method of repair is dependent on the size of the 
hernia encountered. The management of two patients with this 
problem is described. 

(Arch Surg 114:1072-1074, 1979) 


hronie abdominal pain and episodic nausea and vomit- 
ing occur frequently in the adult population. Often, a 
source cannot be identified even with extensive hospital 
examination. One potential explanation for such com- 
plaints is a right paraduodenal hernia. During a one-year 
period, 1974 to 1975, two patients with right paraduodenal 
herniation were treated at the Tampa Florida Veterans 
Administration Hospital, Tampa. 


REPORT OF CASES 


Case 1.—A 29-year-old man was admitted with a nine-year 
history of abdominal pain associated with mucous diarrhea. A 
diagnosis of “spastic colon” had been considered. The patient 
described recurrent episodes of nausea, vomiting, and cramping 
abdominal pain. There was no history of hematemesis or pain 
associated with meals. A history of psychiatric care in the 
Veterans Administration system was reported. Physical examina- 
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tion on admission was within normal limits. Upper gas:rointesti- 
nal (GI) series showed findings consistent with an interaal hernia 
(Fig 1). Exploratory laparotomy showed a paraduodenal hernia on 
the right side. All of the small bowel with the exception of a short 
segment of the terminal ilium was contained in the hernia sac to 
the right of the spine and behind the ascending colon. The cecum 
was in normal position and a 4-cm opening allowed the terminal 
ilium to enter the peritoneal cavity; the ileocecal valve having a 
normal position. Reduction of the contents of the sac was accom- 
plished by mobilization of the ascending colon by an incision in its 
lateral peritoneal attachment in the manner used for correction of 
the malrotation of the colon. The patient's postoperative eourse 
was uneventful. The postoperative GI series showed normal small 
bowel with the ceeum located in the right upper quad- 
rant (Fig 29. 

Case 2.—A 42-year-old man was admitted with a 20-year history 
of recurrent abdominal pain that had increased in severity during 
the ten years prior to hospitalization for bowel obstructicn in 1975. 
The diagnosis at that time was pancreatitis. He had been followed 
up with numerous GI series that had been reported as rormal. In 
1972, a GI series demonstrated much of the small bowel s:tuated in 
the right upper quadrant and the diagnosis of malrotation was 
made. Normal cecal position was noted on barium enema exami- 
nation at that time. 

The patient's symptoms increased during the week prior to 
admission, and he came to the emergency room with 2 six-hour 
history of abdominal pain, nausea, and vomiting. Physical exami- 
nation showed a noticeably distended abdomen witheut point 
tenderness or masses. Laboratory findings, including a1tomated 
chemistry analysis system were within normal limits, hemoglobin 
level was 13 g/dL, with a hematocrit concentration of £9% and a 
WBC count of 9,600/eu mm. Abdominal roentgenograms showed 
air-fluid levels in the right upper quadrant that were consistent 
with obstruction at the level of the midjejunum. Upper GI series 
with a very small quantity of contrast material demonstrated the 
small bowel to be in the right upper quadrant with no passage for 
two hours. 
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Nasogastric suctien and intravenous fluid therapy was insti- 
tuted with resolution of symptoms. Subsequent barium enema 
examination showed the colon to be in its normal position, and 
another upper GI series demonstrated a normal duodenum with a 
small bowel lecalated in the right upper quadrant (Fig 3). 

Explerstory laparetomy showed a right paraduodenal hernia. 
One half of the small bowel was contained within the sac and a 
normal ligament of Treitz was observed. The contents were 
reduced; thecourse of the superior mesenteric arterial distribution 
was identified and the hernia ring was divided through an 
avascular plane extending from the posterior ring to the sacral 
prominenee. This plane lies posterior to the superior mesenteric 
vessels and the use of this approach avoids injury to these 
struetures. Free communication was established between the sac 
and the peritcneal cavity. 

The patient's postoperative course was normal and he was 
discharged on the sixth postoperative day. Subsequent upper GI 
series demonstrated normal position of the small bowel, and the 
patient has remainec asymptomatic. 


LA. 









Fig 1.—All of small Dowel is contained 
within hernia sac (arrows) in midabdomen 


behind ascend ng coton mesentery. quadrant (arrow). 


Fig 4.—D'agram of large or complete hernia and 
methoc of release. 
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Fig 2.—Small bowel free in peritoneal cavi- 
ty with mobilized cecum in right upper 





COMMENT 


The right paraduodenal hernia was first well defined by 
Treitz in 1857. Numerous theories concerning the origin of 
this type of defect have been proposed during the subse- 
quent 118 years.' In 1923, Dott? presented a basic theory of 
intestinal rotation and malrotation and described the three 
stages of rotational development. In 1923, Andrews? 
proposed the embryologic origin of the right paraduodenal 
hernia. This theory has been substantiated by the clinical 
eases, including the present. 

Approximately 5396 of internal hernias are retroperito- 
neal, originating in the mesentericoparietal fossae or para- 
duodenal region. Left hernias are reported to be six times 
as common as right hernias (300:50 cases). Ten percent are 
noted between this region and the paracecal region, 15% in 
the paracecal region, 9% in the foramen of Winslow, 7% are 
parafascicular, and 6% are sigmoid. These figures reflect 





Fig 3.—Normal ligament of Treitz with 
small bowel contained in sac in right upper 
quadrant. Orifice is circled (ring). 


Fig 5.—Diagram of intermediate-sized hernia and 
method of release of sac. 
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Fig 6.—Diagram of small hernia and closure of 
defect. 


the rapid, active rotational events that occur about the axis 
of the superior mesenteric artery and at the time of fusion 
of the ascending and descending mesentery after rotation 
of the cecum in about the tenth week of intrauterine life. 
The right paraduodenal hernia results from entrapment of 
all or a portion of the prearterial segment with the superior 
mesenteric artery ultimately forming the anterior portion 
of the hernia ring and the returning ascending colon and 
cecum the anterior wall and the sac. With fusion of the 
mesentery of the ascending colon to the retroperitoneal 
area, entrapment of the bowel in the primative ceolom may 
occur.* All or a portion of the small bowel or a single loop 
may be entrapped. Thus, a spectrum from total entrap- 
ment beneath the ascending colon and the superior 
mesenteric arterial distribution to a single loop can 
occur. 

In a review of the English literature, 48 clinical cases of 
right paraduodenal hernia have been reported since Moyni- 
han’s’ review of autopsy material in 1906. The symptoms of 
paraduodenal herniation are caused by either bowel 
obstruction in the sac or impingement of the sac and its 
contents on adjacent structures. Reports of acute obstruc- 
tion with strangulation were found in the early literature. 
Many patients have had chronic GI symptoms, nausea, 
bloating after meals, or episodic cramping pain that 
resolved spontaneously. Episodes of complete obstruction 
with nausea, vomiting, and abdominal pain, which respond 
to nonoperative treatment, may occur. Symptoms of peptic 
uleer, colecystitis, pancreatitis, and gastritis may be 
mimicked.’ Thus, although the problem may vary from 
acute strangulation to repeated obstructive episodes to 
chronie vague abdominal discomfort, a history of chronic 
complaints is common. On abdominal examination during 
an acute episode, there may be a tympanitie mass in the 
right upper quadrant, and/or hyperperistalsis over this 
region of fullness. In general, however, physical findings 
are few.’ Often roentgenographic examination with 
contrast material in the bowel and arteriography may 
provide a preoperative diagnosis of obscure or small 
hernias. Meyers,’ in a description of a roentgenographic 
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and angiographic diagnosis of these lesions, indicated that 
small hernias are often missed. Insufficient attention may 
have been given to the frequency and clinical importance 
of the small paraduodenal hernia. With angiography, an 
abnormality of the involved jejunal arcade may be seen. 
Such an arcade would arise to the left of the superior 
mesenteric artery and pass behind and to the right to the 
hernia sac.’ 

The method used to repair a right paraduodenal hernia 
depends on the size of the herniation and the type of 
orifice to the hernia sac. In large hernias, with all the small 
bowel located behind the ascending colon, and with no 
ligament of Treitz, mobilization of the ascending eolon and 
cecum allows communication between the sac proper and 
the peritoneal cavity (Fig 4): In the intermediate-sized 
hernia, separation of the sac from the posterior aspect of 
the orifice to the sacral prominence, with care to avoid 
injury to the superior mesenteric vessels in the anterior 
hernia ring, is most safely accomplished (Fig 5). In this 
type of hernia, special attention must be direct2d to the 
superior mesenteric vessel that forms the antericr portion 
of the hernia ring and may be injured if an a-tempt is 
made to close the fibrotic ring of the hernia. Finally, in 
small hernias reduction and closure of the hernia ring 
would seem to be the procedure of choice (Fig 6). Care must 
again be taken to avoid injury to the superior mesenteric 
vasculature.’ 

A review of the reported cases of right paraduodenal 
hernia shows that most patients were adults, with a mean 
age of 36.6 years and a median age of 35.9 years. No 
patients were younger than 8 years of age.*'^ The reason 
why this congenital defect does not produce symptoms in 
the early years of life is unclear. An alteration in the 
environment in which the sac exists (ie, from the effects of 
puberty on the fiberous tissue matrix), chronic irritation 
by peristaltic activity of the contained bowel (forming a 
dense fibrotic ring as in the second patient), or changes in 
the contents of the sac (inflammatory disease, etc) that 
alter the volume requirements of the sac, can be postulated. 
The findings at operation are consistent with each of 
these. 
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Chronic Pseudo-obstruetion Secondary to 
Side-to-Side Intestinal Anastomosis 


Jacob Wa‘fish, MD, Albert Frankel, MD 


e An unusual late cemplication of side-to-side intestinal anas- 
tomosis, chronic small-bowel obstruction with massive proximal 
ileal dilation-despite a widely patent anastomosis, occurred in a 
patient. The classic olind loop syndrome was not present. 
Several potential mechanisms are suggested, including regional 
absence cf normal persstalsis on a mechanical basis and bacte- 
rial overgrowth. This seport adds support to the concept that 
side-to-side intestinal anastomosis should be avoided whenever 
possible. 

(Arch Surg 11410751078, 1979) 


he cinical syndrome that accompanies blind-pouch 

formation m association with lateral bowel anasto- 
moses is 2 well-descrabed entity.' Symptoms related to this 
syndrome are basically of two types: those resulting from 
the mechanical 2ffeeés of a dilated blind loop of bowel, 
including pain, ulceration, and perforation, and those 
arising secondarily arom bacterial overgrowth, including 
megaloblastic aremia, weight loss, and steatorrhea.** In 
this article, we repor- a rarely described late complication 
of a side-zo-sid2 anastomosis that was manifest as chronic 
small-bowel obstzuctin with noticeable proximal ileal dila- 
tion despite-a demonstrated wide and patent anastomosis. 
The possible mechanisms of this development are 
discussed. 


RE?ORT OF A CASE 


A 45-yezr-dld wemam was seen at the Mount Sinai Hospital, 
New York, in July :977, »ecause of a one-year history of intermit- 
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tent crampy periumbilical pain unrelated to meals. She had an 


associated 4.5 kg-weight loss but denied nausea, vomiting, diar- | 


rhea, or constipation. History included a laparotomy performed 20 


years earlier for a right tubal pregnancy. Details of the operation - 


were not obtainable but the patient claimed that she required 


multiple blood transfusions and had a prolonged hospital stay. | 


Physical examination demonstrated a very thin, 44-kg woman in 
no acute distress. Vital signs were normal. There was à well-healed 
scar in the right lower quadrant. The abdomen was nondistended, 
soft, nontender, and free of masses. A loud succussion splash was 
audible over the midabdomen. Rectal examination was unremark- 
able and stool guaiac was negative. 

Laboratory findings were as follows: hemoglobin, 12.7 g/dL; 
hematocrit, 39.1%; mean corpuscular volume, 98 cu p; mean corpus- 
cular hemoglobin, 33.7 ug; mean corpuscular hemoglobin concen- 
tration, 33.5%; leukocytes, 8,100/cu mm, with a normal differential 
cell count; sedimentation rate, 17 mm/ hr; BUN, 19 mg/dL; glucose 
and electrolytes, within normal limits; albumin, 4.0 g/dL; total 
protein, 6.4 g/dL; transaminases, bilirubin, and alkaline phospha- 
tase, all within normal limits; protime, 12%. sec, T, by radioimmu- 
noassay, 8.6 u/dL; and T, binding ratio, 0.94. 

A plain roentgenogram of the abdomen showed distended 
gas-filled loops of bowel (Fig 1). An upper gastrointestinal series 
showed a normal stomach, duedenum, and jejunum, but at the 
midileum the bowel became noticeably dilated for an undeter- 
mined length (Fig 2). The terminal ileum could not be seen 
although contrast was seen in the colon. A barium enema exami- 
nation demonstrated direct reflux of barium into distended loops 
of the small bowel from the distal transverse colon but again the 
terminal ileum could not be seen despite the fact that the cecum 
and appendix filled with contrast (Fig 3). An ileocolic fistula or 
anastomosis was suspected and the patient was admitted to the 
hospital for further evaluation. 

Fiberoptie colonoscopy was performed and a double-barreled 
lumen was seen, with one lumen leading to a normal transverse 
colon that was poorly prepared and, hence, difficult to intubate 
and the second lumen leading into a capacious fluid- and debris- 
filled viseus, a biopsy specimen of which showed normal small- 
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Fig 1.—Plain roentgenogram of abdomen showing distended 
gas-filled loops of bowel. 


bowel mucosa. A Cantor tube was passed well beyond the ligament 
of Treitz in an effort to decompress the bowel, but the succussion 
splash persisted and a barium study through the tube was again 
unsuccessful in delineating any obstruction. A laparotomy was 
therefore performed. 

The preoperative diagnosis was side-to-side ileocolic anastomo- 
sis presumably performed 20 years before for operative injury, 
with formation of a large dilated terminal blind loop. The opera- 
tive findings were as follows: The terminal ileum had been 
transected flush to the cecum and closed; the proximal end of ileum 
had been oversewn and formed side-to-side anastomosis with the 
midportion of the transverse colon (Fig 4). The appendix was still 
present. The small bowel proximal to the side-to-side anastomosis 
was noticeably dilated and edematous for 120 em. The transition to 
normal-caliber bowel was gradual over an additional 60 em. The 
blind end of the terminal ileum at the anastomosis formed a 
somewhat dilated pouch 9 em long. The anastomotic orifice was 
patent and measured 5 cm in the longest diameter. When small- 
bowel contents and gas were milked through the terminal ileum 
toward the anastomosis, the bowel contents went preferentially 
into the distal blind loop of ileum rather than across the anasto- 
mosis. Additional pressure on the ileum proximal to the anastomo- 
sis resulted in distension of the ileum both proximal and distal to 
the anastomosis with little material entering the colon. The 
anastomosis was, at least functionally, partially obstrueted even 
though it was patent. 

The anastomosis was taken down, the colon was closed, the 
distal 90 cm of dilated bowel was resected, and an end-to-side 
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Fig 2.—Upper gastrointestinal series showing normal stomach, 
duodenum, and jejunum. lleum is dilated and contains large 
amounts of retained solid material (arrow). 


anastomosis was done from the distal ileum to the cecum. 

On pathologic examination, a dilated and edematous but other- 
wise normal small bowel was reported. Ganglion cells were noted 
in the myenteric plexuses at all levels. The patient did well 
postoperatively and was asymptomatic when seen four months 
later. 


COMMENT 


In reviewing the late sequelae of blind intestinal 
pouches, Whitaker and Shepard? stressed the unusual and 
long-standing complaints that may occur many years after 
side-to-side anastomosis has been performed. Symptomati- 
cally, our patient did not differ substantially from those 
described by others. Nevertheless, our case is unique in its 
presentation as chronic functional small-bowel obstruction 
associated with a widely patent anastomosis. We could find 
only ore other case described by Williamson et al^ involv- 
ing a lateral ileosigmoid anastomosis where similar find- 
ings of extensive proximal bowel dilation and edema were 
described in association with a distal blind loop. Otherwise, 
the vast majority of case reports and reviews of this 
syndrome stress the surgical findings of dilated blind 
intestinal pouches without mention of considerable proxi- 
mal besvel dilation (Fig 5). It thus seems that in most cases 
symptems are related to distension of the pouch, or to 
bacter:al overgrowth rather than to chronic obstruction of 
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Fig 3.—Barium enema cemonstrating direct reflux of barium into 
distenced locps of small bowel (arrow). Cecum and appendix are 
filled with contrast materia! (arrow) but terminal ileum is not 
identifiec. 


intestinal flew as was present in our case. 

The pathephysiology of lateral intestinal anastomosis 
was studied experimentally in 1906 by Cannon and 
Murphy“ They postulated that lateral bowel anastomosis 
interfered with normal peristalsis by cutting across the 
circumferential musce fibers that normally propelled food 
forward by orderly circular contractions. With side-te-side 
anastomoses in animels, they were able to demonstrate the 
formation of a static pool of bowel contents on the proxi- 
mal side of the anastemosis that never completely emptied. 
Passage of food across the anastomosis was accomplished 
only by passive displacement by bowel content advanced 
by the more proxima! normal bowel. In their words, “It is 
evident that the two apposed coils did not act together to 
propel tae enclosed feod. The food was forced through the 
region cf the union by a push from behind, a push exerted 
by the peristalsis of the intact wall driving new particles of 
food frem time to time into the aecumulation at the 
junction.” 

In view of this model, the noticeable bowel dilation in our 
case could nave restlted from increased pressures that 
were exerted over a long period of time and propelled food 
throug a relat vely aperistaltic intestinal loop that formed 
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Fig 4.—Findings at laparotomy. Proximal end of ileum is closed 
and there is side-to-side anastomosis to distal transverse colon. 
Despite widely patent anastomosis, ileum is grossly dilated and 
fluid filled. Distal blind pouch is relatively small. 


Fig 5.—Usual anatomic findings in blind loop syndromes following 
side-to-side intestinal anastomoses. Dilated segment is in isoper- 
istaltic segment beyond anastomosis. 
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an ever-enlarging reservoir of bowel contents. Cannon and 
Murphy also mention the tendency of lateral anastomosis 
to undergo cicatricial stenosis, but this clearly was not 
present in our case. Another postulated mechanism of 
obstruction is that pressure exerted by the size and weight 
of the dilated pouch may result in obstruction of the bowel 
distal to the anastomosis by compression or kinking,’ but 
this finding was also absent to our observation. 

One may speculate about the possible role of bacterial 
overgrowth in contributing to obstruction and dilation. It 
is known that bacterial overgrowth associated with jejunal 


divertieulosis and scleroderma-induced stasis may present 
with an obstructive picture*® and also that obstructive 
symptcms in cases of idiopathic pseudo-obstruction may 
transiently respond to antibioties.'^ More recently, bacteri- 
al overzrowth has been implicated in the pathogenesis of 
colon ebstruction complicating jejunoileal bypass, and 
althouch the mechanism is unclear, here again a response 
to antibiotics has been observed." Whatever its patho- 
physiology, the case reported herein adds support to the 
widely but not universally held opinion" that side- 
to-side anastomosis should be avoided where possible. 
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LEAL ELS 


Giant Diverticula of the Sigmoid Colon 


A Review of D-fferential Diagnosis and Operative Management 


James J. Gallagher, MO, John P. Welch, MD 


e Giant sigmoid diverticula (“giant gas cysts,” "giant sigmoid 
cysts”) are an unusua! complication of diverticulitis. We have 
recently seen two patients with such lesions, bringing the total 
number of reported cases to 48. Most patients are elderly and 
complain oí abcomiral pain or the presence of an abdominal 
mass. Air trapping by a ball-valve mechanism may be responsi- 
ble for formation cf the fibrous cysts. The gas-filled structures 
can usually be differentiated from other conditions by contrast 
studies. Excision cf the cyst and adjacent colon with anastomo- 
sis can usually be accomplished safely under elective circum- 
stances. 

(Arch Surg 1*4:1079-1083, 1979) 


iverticular disease is an affliction of modern Western 
civilization found in 35% of individuals more than 60 
years of age. Disease is usually limited to the sigmoid 
colon, the Civerti-ula averaging less than 1 to 2 cm in 
diameter. Rarely, sigmoid diverticula may enlarge to such 
a degree that they have been termed "giant diverticula.” 
The following report discusses two further operative cases 
recently seen at the Hartford (Conn) Hospital, and reviews 
the experience recorded in the English literature. 


REPORT OF CASES 


Case 1.—A 56-year-cld diabetic man was admitted to the hospi- 
tal in August 1974 for evaluation of a lower abdominal mass. He 
deniec any gastrointestinal symptoms. The physical findings were 
normal, aside from the presence of a large, tympanitic, nontender 


mass in the left lewer abdomen. Laboratory studies included a 


hematocrit value oc 40% and a WBC count of 9,200/cu mm, with a 
normal differential cell count; the serum electrolyte values and 
results of coagulation studies and liver and renal function tests 
were all normal. An abdominal roentgenogram demonstrated a 
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14-em round air collection overlying the pelvis (Fig 1). Two large 
sigmoid cysts filled on the barium enema examination, one 
corresponding to the site of the air colleetion on the plain x-ray 
films (Fig 2). Diverticulosis of the colon was present as well. 

An elective operation was performed once a standard mechan- 
ical and antibiotie bowel preparation had been completed. Two 
giant diverticula were present in the sigmoid colon. The cysts and 
sigmoid colon were resected with construction of an end-to-end 
anastomosis. Histologic examination showed that both cysts were 
lined by fibrous walls containing focal inflammatory changes and 
a foreign body giant cell reaction (Fig 3). The patient was 
discharged from the hospital nine days after the procedure 
without complications. 

Case 2.— A 72-year-old woman was admitted to Hartford Hospi- 
tal in March 1977 with a 12-hour history of steady abdominal pain 
accompanied by diarrhea. The initial pain was situated in the 
epigastrium, but later radiated to both lower quadrants of the 


abdomen. She denied nausea, vomiting, chills, or fever. She had 


previously undergone an appendectomy and total abdominal 
hysterectomy. Complicating medical illnesses included severe 
arthritis and vasculitis. 

A large, soft, but tender mass was palpable in the lower midline 
of the abdomen. The bowel sounds were hypoaetive. The temper- 
ature was 37 °C by mouth. Laboratory values included the 
following: hematocrit, 32%; WBC count, 15,300/cu mm, with a shift 
to the left; and serum potassium, 2.5 mEq/L. The serum amylase 
and liver function values were normal. A 16-cm, air-filled density 
was visible in the lower abdomen in the plain abdominal x-ray film 
(Fig 4). There were no abnormalities seen with sigmoidoscopy to 
20 em. The rounded lucency with a small air-fluid level filled in late 
barium enema views. 

The patient was observed expectantly since she was a poor 
operative risk. However, abdominal pain persisted and an increas- 
ing predominance of neutrophils and immature forms appeared in 
the WBC differential cell count. The bowel was prepared for 
operation, which took place three days subsequent to admission. A 
large sigmoid diverticulum was densely adherent to the bladder 
and transverse mesocolon. A segmental sigmoid resection was 
done with end-to-end anastomosis (Fig 5). The postoperative 
course was complicated by development of a thigh hematoma 
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Fig 1.—Case 1. Appearance of 14-cm diverticulum in plain 
abdominal roentgenogram. 


Ys (t 


Fig 2.—Case 1. Barium enema filling giant radiolucent structure. 
Note additional large diverticulum in more proximal sigmoid 
colon. 


Fig 3.—Case 1. Cyst wall. Inner layer (bottom) of inflammatory 
cells; middie layer of fibrous tissue and scattered smooth muscle 
fibers; outer layer of pericolic fat. 
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Fig 4.—Case 2. Radio ucent mass fills large part of abdomen. 


Fig 5.—2ase 2. Probe demonstrates gross communication 


betweenecyst (left) ard lumen of sigmoid colon (right). 
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related to an elevated prothrombin time. On the seventh postoper- 
ative day, the patient suffered a respiratory arrest accompanied 
by hypotension and was successfully resuscitated. The presumed 
cause was sepsis. Subsequently, renal failure developed and her 
condition deteriorated, with death occurring on the 12th postoper- 
ative day. Permission for a postmortem examination was not 
granted. 


COMMENT 


Giant sigmoid diverticula are a probable complication of 
diverticulitis, and it is unknown why these cysts are so 
rare. We were able to find 46 reported cases in addition to 
our own. Excluded are references to this topic by Gabriel’ 
and Williams? and Finby and Begg's case,’ originally cited 
by Marano et al.* Of 38 cases in the English literature,**’ 27 
have appeared in this decade. Bonvin and Bonte first 
reported this entity in 1946, as noted in the world literature 
review by Smulewiez and Govoni.2® The average age of 
patients in the world literature is 64 years, ranging from 20 
to 89 years. Demographically, there is a predominance of 
the male sex (Table 1). 

The remaining discussion will be limited to those reports 
found in the English literature. Symptomatology is basical- 
ly similar to that of diverticular disease, with either acute 
and/or chronic, more indolent features. Most patients 
complain of abdominal pain (85%) or the presence of an 
abdominal mass (71%). There are occasional instances of 
melena,*:92527305 — vomiting," ^" diarrhea," and fe 
ver, 013-22 Perforation,” torsion," or focal infaretion of 
the cyst? have caused acute peritonitis. Rarely, patients are 
asymptomatic except for the presence of an abdominal 
mass (our case 1).^' ^ 

An abdominal plain x-ray film provides much diagnostic 
information in these cases. A gas-density lesion is seen, 
usually anteriorly, averaging 13 cm in diameter, with a 
range from 6 to 27 em. A variety of other conditions may 
produce a similar radiologic picture (Table 2). Rarely, the 
plain x-ray film is normal, and the cyst is not discovered 
until a barium enema is done.” The cyst retains a constant 
relationship to the bowel, and the wide variation in size 
may explain the variety of clinical presentations. Usually, a 
soft, somewhat movable mass is palpable; pain, tenderness, 
fever, and leukocytosis, when present, are probably precip- 
itated by the acute expansion of the cyst and irritation of 
surrounding structures including the parietal peritoneum. 
A large mass may fill the abdominal cavity, leading to 
generalized hyperresonance." 

A barium enema frequently confirms the diagnosis 
(Table 1). With some exceptions, ^^ diverticulosis is seen 
in the contrast studies, and the giant diverticulum fills 66% 
of the time. The segment of the colon from which the cyst 
arises may be compressed by the cyst, causing narrowing 
of the lumen and a resemblance to carcinoma in the 
contrast study. Sigmoidoscopy has offered little further 
diagnostic information. Theoretically, the orifices of some 
cysts could be seen by colonoscopy, although there are no 
reports of this maneuver at present. 

With few exceptions,'^^*?* the cyst arises on the anti- 
mesenteric border of the colon. Occasionally, two large 
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Table 1.—Selected Features of Giant Sigmoid 
| Diverticula* 






Females . 


Cyst size (KUB), cm 
Range 














y barium enema 80 
No. (%) having operative therapy (N = 33)} 
Diverticulectomyt 
Sigmoid resection and anastomosis 


Sigmoid resection and diversion 
None 










*English literature case reports only. 
fTreatment was unspecified in four reports. 
ilncludes one diverting colostomy. 






Table 2.—Differential Diagnosis of Large Abdominal 
Gas-Density Mass 






Giant sigmoid diverticulum 
Congenital duplication of colon 
Volvulus of colon 
Cholecystoenteric fistula 
Emphysematous cholecystitis 
Infected pancreatic pseudocyst 
Vesicoenteric fistula 
Emphysematous cystitis 
Pneumatosis cystoides intestinalis 
Meckel's diverticulum 
Intra-abdominal abscess 

Giant duodenal diverticulum 
Intra-abdominal lipoma 

Dilated intestinal loop 














cysts are found concurrently (our case 1).51*212527 Common- 
ly, there are inflammatory adhesions to surrounding struc- 
tures such as the omentum 1:22:27 transverse mesocolon 
(our ease 2),*" small bowel, bladder (our case 2), 920/22 
uterus,” appendix,’ Fallopian tubes,” or retroperitoneum.” 
Giant diverticula have also arisen from the transverse 
colon**^ and descending colon, while a 6-em diverticulum 
has originated from the anal canal." (These reports are 
excluded from this survey.) 

Most giant diverticula of the sigmoid colon appear to be 
pseudodiverticula, since the true muscularis ends at the 
border of the diverticulum. There are a few exceptions: 
Sutorius and Bossert? reported a giant diverticulum that 
contained all layers of the colon wall and arose from the 
mesenteric border. This was likely congenital in origin, and 
no other diverticula were seen in the colon. Other authors 
have reported some muscle in the wall of the cystic 
structure (our case 2),::2 suggesting that these were 
duplieation cysts of the colon with communication, despite 
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the age of the patients concerned. The cyst walls in othe 
reports are lined by neither muscularis mucosa nor mucos: 
(although small remnants of mucosa are occasionally seen) 
Instead, there is a fibrous lining wall assoeiated with : 
chronie inflammatory cell and foreign body cell reactior 
(Fig 3). Perhaps these lesions are best described as pseudo- 
cysts. 

The actual mechanism of formation of these cysts is 
speculative. Because of the location and histelogie nature 
of the cysts, as well as the association with diverticular 
disease, most authors consider them an infrequent compli- 
cation of a perforated colonic diverticulum. Subserosal 
perforation and inflammation of the diverticulum contrib- 
utes to trapping of air, with eventual formation of a large 
cyst caused by the elevated intraluminal pressure of the 
colon working in concert with a ball-valve mechanism. Over 
a period of time, inflammatory tissue replaces the mucosal 
layer with the characteristic fibrous and granulation lining 
of the cyst wall. The trapped air in the cyst increases 
during defecation and is vented irregularly. Increases in 
size of sigmoid cysts by radiological examination have been 
confirmed.’ Decreases in size have also been seen.” One 
patient had recurrent pain after a vigorous bowel move- 
ment with the concurrent development of a 10-cm abdom- 
inal mass," suggesting that elevation of intraluminal 
pressure was at fault. 

Distention of the cyst may also be attributable to 
gas-forming organisms, once the stalk of the diverticulum 
has been blocked by debris or inflammation. Analysis of 
cyst gas suggests that at least some of the gas is produced 
by bacteria within the cyst. A relatively elevated carbon 
dioxide level as compared to oxygen may have reflected the 
metabolism of Escherichia coli and Proteus vulgaris 
species isolated in cultures of cyst contents.^ However, a 
communicating lumen is usually present, allowing accumu- 
lated gas to decompress into the lumen of the bowel, and 
there is at least one report of a sterile culture from a giant 
diverticulum.’ 

Operative therapy is indicated for all confirmed eases of 
giant sigmoid diverticula. The rare exception is perhaps 
the very high-risk asymptomatic patient (patients have 
been followed up for at least ten months without appear- 
ance of symptoms’), Ferguson and Boinis** reported that 
an "orange-sized mass" was felt in the colon Sever years 
prior to resection of a giant diverticulum. Torsion,” focal 
infarction,’ or perforation? of the cyst are potential 
complieations that are avoided by elective operation. 
Unless acute peritonitis is present, it is usually possible, 
even in the presence of abdominal pain or fever, to 
complete a formal preparation of the bowel prior to the 
operative procedure. Once identified, the cyst is usually 
easily mobilized from surrounding structures, although in 
some cases a portion of an adjacent organ must be resected 
together with the cyst." Difficult retroperitoneal dissec- 
tions have been reported.'^** Manual decompression of the 
inflated diverticulum may facilitate its removal.*:*:2 

The treatment of choice includes resection of the cyst 
and the adjacent sigmoid colon with a primary end-to-end 
anastomosis. Local resection of the diverticulum alone has 
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been done successfully, => although theoretical objec- 
tions to the safety of this procedure include the wide mouth 
of the cyst and irflammat on of the adjacent bowel wall.’ 
Colostomy kas been done together with diverticulectomy.’ 
If perforation or infarction of the cyst or the colon occurs 
and an emergency procedare is done, the operation should 


be staged, with initial sigmoid resection and colostor 
and then construction of a mucous fistula” or turn-in of ' 
distal colon. At least three operative deaths (includ 
our case 2)^"?* have been reported in the English literati 
There are no recorded cases of recurrent giant sigm 
diverticula. 
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Repair of Massive Inguinal Hernia 


With Pneumoperitoneum and Without Using Prosthetie Mesh 


James Forrest, FRCS 


e There was an unusual need for preoperative induction of an 
artificia pneumoperitomeum in two cases of inguinal hernia. 
Both hernias were very large and associated with extensive 
intertrigo. Daily insuffiacions of air were performed for 13 and 11 
days, with the patients compensating for this increased intra- 
abdominal pressure over this time. Operation with removal of the 
ipsilateral testicle, corc, and scrotum was then straightforward 
and corvalescence uneventful. The pneumoperitoneum allowed 
a repair to be effected without using a prosthetic mesh. 

(Arch Surg 114:1087-1088, 1979) 


MTS nguinal hernias are not commonly seen in the 
Western world today because of the availability and 
acceptabilitv of early elective operation. When they do 
occur, however, they constitute a daunting prospect to the 
surgeon, who may regard them as doubtfully curable or, 
indeed, inoperable. Buddee et al’ expressed the opinion 
that some patients are being denied operation because 
repair of the hernia is considered impossible. Caution in 
treatment has been advised because of anticipated compli- 
cations following alterations in intra-abdominal and there- 
fore intrathoracic pressures consequent on reduction of the 
hernia—this, in a patient who may already have some 
respiratory difficulty contributing to the formation of the 
hernia. Obesity is usually also present, and the physical 
difficulties accomparying reduction of the contents and 
obliteration of the defect may further dismay the surgeon. 
The remaining intraabdominal viscera and consequently 
the position of the diaphragm and state of the intrathorac- 
ie contents will have adjusted—possibly over many years— 
to the viscera lying outside the abdomen proper. Therefore, 
injudieious reduction, even with intensive preoperative 
pulmonary therapy, may precipitate severe respiratory 
and cardiac embarrassment or death.’ 

Fac-ors in the suecessful management of two such cases 
that were seen in England in the same month are discussed 
here. 


REPORT OF CASES 


Case L—A stout, 50-year-old school caretaker put up for ten 
years with ar enormous right inguinal hernia, until the children’s 
taunts about his large swelling, which could not be concealed 
despite specially tailored trousers, caused him to seek medical help 
in February 1977. 

Results of zn abdominal examination were unremarkable except 
for the presence of the hernia (Fig 1). The right testicle was 
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palpable at the lower end of the hernia and the left testicle felt 
normal within the left scrotum. Extensive intertrigo was present 
on the undersurface of the hernia, in both groins, and over the 
medial aspect of the upper thighs. His chest bases were clear and 
he was not clinically in cardiac failure. Preoperative induction of 
an artificial pneumoperitoneum was performed. With the patient 
under local anesthesia, a peritoneal dialysis catheter was inserted 
into the upper left quadrant of his abdomen and secured. An air 
filter was incorporated into the system and insufflation of room 
air performed twice daily to the following totals: 


Air, mL . 
1,500 
2,500 
2,000 
1,500. 
2,400 
1,500 
1,000 


On each occasion, the insufflation was stopped when the patient 
complained of discomfort. On the seventh day after insufflation, 
the patient was noticeably short of breath, with a tachycardia. Air 
was not withdrawn, however, and he was merely allowed to adjust 
to the increased intra-abdominal pressure over the next five days, 
by which time he was substantially improved. On the 13th day, 
2,000 mL of air was insufflated, and operation was performed on 
day 14. 

A right inguinoserotal incision was made, excising a large 
“racquet” of skin including the entire right scrotum as well as the 
right testicle and cord. The external oblique, internal oblique, and 
transversus abdominus muscles were incised parallel to the ingui- 
nal ligament, up to the right anterior superior iliac spine. The sac 
was opened and excised. The contents, which included virtually the 
full length of the ileum, omentum, and a hernia en glissade of the 
cecum, were returned to the abdomen. The edges of the sac were 
sewn together with absorbable suture. The transversus abdomin- 
us, internal oblique, and external oblique muscles were then 


>, 
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Fig 1.—Case 1. Right inguinal hernia. 
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Fig 2.—Case 2. Right inguinal hernia. 





repaired in three layers with stainless steel wire. Large bites of 
muscle in each layer were included in the stitch and the wire 
allowed to remain lax, thus reproducing three firm sheets of 
muscle. 

Removal of the testicle and cord allowed a solid, strong abdom- 
inal wall to be reproduced; this sacrifice is considered obligatory in 
such a hernia. Two suction drains were inserted subcutaneously 
and the skin was fashioned to recreate the groin and modified 
scrotum. Dissection and repair were technically straightforward 
and without difficulty. The anesthetic was administered over a 
period of 1% hours without complications. The patient's postoper- 
ative course was entirely satisfactory, with no evidence of respi- 
ratory or cardiac disability, and he was discharged on the tenth 
day after the operation. Two months later, no weakness was 
detectable in the patient's right groin, but a small left inguinal 
hernia had developed, which was uneventfully repaired in July 
1977. 

Case 2.—A 70-year-old man had a right inguinal hernia that had 
been present for 30 years and until two years previously had been 
reducible (Fig 2). He was slightly overweight. Here, as in the first 
case, extensive intertrigo was present on the undersurface of the 
hernia and in the adjacent skin of the groins and thighs. This 
patient was similarly prepared with twice-daily insufflations of 
air intraperitoneally over an 11-day period preoperatively. In fact, 
31 L of air were injected; clearly, there must have been leakage 
around the catheter. Nevertheless, by the time of operation, the 
abdomen was clinically “drum tight” and he had compensated well. 
Operation disclosed a hernia en glissade of cecum and right colon, 
the transverse colon, omentum, and ileum also being within the 
sac. No undue difficulty in repair was encountered in performing a 
repair similar to that in case 1, again removing the right testicle 
and cord. The postoperative course was uneventful and the patient 
was discharged on the ninth day after the operation. Subsequent 
follow-up examination demonstrated no weakness in his right 


groin. 
COMMENT 


Since the use of a preoperative, artificially induced 
pneumoperitoneum as an aid to closure of abdominal wall 
defects was first described by Moreno,’ this procedure has 
been reported as having been performed in the treatment 
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of abdominal incisional hernias and eventrations,'-2** but 
rarely advocated in preparation for inguinal hernia repair 
in the English literature. 

The preoperative induction of a pneumoperitoneum, 
allowing adequate time for the patient to compensate for 
it, has been shown in cases of massive hernia to markedly 
diminish intraoperative difficulty and postoperative mor- 
bidity, for the reasons summarized by Barst: (1) The 
abdominal wall is stretched, thus creating a larger cavity to 
accommodate replaced hernia contents. (2) The volume of 
hollow viscera to be replaced is reduced. (3) Mesenteric and 
omental edema caused by the chronic hernia are reduced. 
(4) Stretching of the hernial sac occurs, causing elongation 
of adhesions and thus making dissection easier. (5) Preop- 
erative respiratory and circulatory adjustment to the 
elevated position of the diaphragm occurs. 

This last reason is the most important benefit, inasmuch 
as the amount of air introduced into the abdominal cavity 
can be varied, and, by titrating this against the patient's 
discomfort or respiratory embarrassment, a progressive 
buildup of intra-abdominal pressure can be established. A 
further benefit is the fact that stretching of the hernia 
permits access to any intertrigo lying under the hernial 
bulge, thereby enabling adequate toilet of this region. 
Intertrigo was present in both of our cases; although it was 
extreme in case 1, the skin could be sufficiently cleansed by 
the day of operation so that no wound infection occurred. 

Additionally, its use can obviate an artificial prosthetic 
mesh to elose the large abdominal wall defect. In several 
series,*' meshes of prosthetic material were used to bridge 
defects of the abdominal wall. However, tantalum mesh, 
Marlex, and Teflon, all of which can be used, may subject 
the patient to danger of infection with subsequent sinus 
formation, which itself increases the chance of a recurrence 
of the hernia. The use of an artificial pneumoperitoneum 
should produce lax wound edges that are relatively easily 
approximated, and, indeed, I believe that a pneumoperito- 
neum that does not permit approximation of all abdominal 
wall layers without any tension is inadequate either in 
time or amount of induction. Certainly the necessity to 
resect bowel or omentum is a procedure of the past. In 
these two cases, repair was easy to perform with muscles 
and fascia that were stretched but appeared to be of good 
quality. Ipsilateral orchiectomy is considered essential and 
justifiable to effect a sound repair in cases of this type. 
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U.S., U.S. Poss., Canada, anc Mexico. 
$12.50 all other countries.) Please 
enclose payment (payable to AMA) with 
order. Allow 4-5 weeks for delivery. 
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Correspondence and Brief Communications 


Surgeon's Role in Patient Care: A 
Reply 


To the Edito".—Being an active and 
interested surgeen in a community 
hospital, I find Dr Lee Sataline’s 
(Arch Surg 114:347, 1979) categorical 
remarks abort surgeons focusing only 
on surgieal probiems and neglecting 
the preoperative and postoperative 
care of their patients to be disturbing. 
In my experience, I have had the 
responsibility for ail preoperative and 
postoperative care It is very seldom 
that I see & patient in consultation 
who requires any less. In our situa- 
tion, the medically oriented doctors 
are continually wanting to transfer 
their sick patients to the care of a 
surgeon. Even the most innocuous 
procedures are referred to the sur- 
geon. These are precedures such as 
bone marrow aspirations, sigmoido- 
scopic examinations, and insertion of 
subclavian eatheters. It is my opinion 
that the modern-day surgeon is well 
versed and eager in total patient care 
and is not seeking an easy life. 
CHARLES P. NICHOLSON, JR, MD 
Morehead City, NC 


Ankle Systolic Pressure 
Index and Early 
Vein Graft Failure 


To the Ed-tor.—The article by Corson 
et al in the Augus: 1978 issue (113:932- 
935) bears commert relative to their 
finding of no eorre ation between the 
ankle syszolie pressure index (ankle 
pressure Civided by brachial pressure) 
and the incidence of early failure of 
saphenous vein grafts. The authors 
have eorrectly quoted our article! 
showing a highly significant correla- 
tion between low ankle pressure 
indices (—0.20) and early thrombosis 
of femorcpopliteal bypasses. Compari- 
son of the study by Corson et al with 
ours, however, is inappropriate, for 
the authors included 20 patients who 
had bypass grafts that extended 
beyond the popliteal artery to distal 
vessels. The mciusion of this subgroup 
without clarification of their ankle 
systolic pressure indices makes com- 
ment regarding the contrasting re- 
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sults of their study and ours inappro- 
priate. | 

It can be argued that the ankle 
pressure indices in the 20 patients who 
had distal bypasses were probably 
concentrated in the 0 to 0.19 range and 
that patients who had femoropopliteal 
grafts probably had higher indices. 
The point stressed in our study was 
that if the ankle pressure index is less 
than 0.20 and no aortoiliac inflow 
disease is present, then a femoropopli- 
teal bypass will have a high probabili- 
ty of early failure, presumably second- 
ary to an increased outflow resistance 
from popliteal outflow disease. If such 
popliteal outflow resistance is by- 
passed by a femoro-distal vessel graft, 
then we agree that the point made in 
our article is not valid and one should 
expect a higher likelihood of success. 

For comparison of the study by 
Corson et al with ours to be appro- 


_ priate, the authors should clarify how 
many of the 17 patients with ankle . 


systolic pressure less than 0.20 had 
femoropopliteal bypasses, and they 
should describe the frequency of early 


patency in these patients with the 


exclusion of those having distal 
grafts. 
RICHARD H. DEAN, MD 
Nashville, Tenn 


1, Dean RH, Yao JST, Stanton PE, et al: 
Prognostic indicators in femoropopliteal recon- 
structions. Arch Surg 110:1287-1293, 1975. 


In Reply.-Clearly there is a differ- 
ence between Dr Dean's results and 
our results with regard to the inci- 
dence of early failure of femoropopli- 
teal vein grafts when the preoperative 
ankle systolic pressure index (ASPI) is 
low. He found this failure rate to be 
prohibitive, and we found it to be 
aeceptable. In his letter, Dr Dean 
suggests that this difference may be 
the result of the inclusion of femoroti- 
bial grafts along with femoropopliteal 
grafts in our study. As a result of his 
query, we have again reviewed our 
results in patients undergoing vein 
graft reconstruction where the preop- 
erative ASPI was low (<0.2). Of this 
group of 17 patients, we were 
surprised to find only one who had a 
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femorotibial graft. The early failure 
rate in the remaining 16 patients who 
underwent femoropopliteal vein 
grafts was 31% (5/16). The other 19 
grafts to vessels distal to the popliteal 
artery all had a preoperative ASPI 
greater than 0.2. 


This further analysis shows that we — 
cannot explain the difference between — 


Dr Dean's results and our results on 
the basis of the hypothesis suggested 
in his letter. At this point, we do not 
believe a low preoperative ASPI 
should be the basis for excluding 
patients from an attempt at femoro- 
popliteal reconstruction for limb sal- 
vage. In a related study, we have 
defined those principles that we 
believe are important to success with 
femoropopliteal vein grafts.* 

FRANK W. LOGERFO, MD 

Boston 


1. Dean RH, Yao JST, Stanton PE, et al: 
Prognostie indicators in femoropopliteal recon- 
structions. Arch Surg 110:1287-1293, 1975. 

2. Corson JD, Johnson WC, LoGerfo FW, et al: 
Doppler ankle systolic blood pressure. Arch Surg 
113:932-935, 1978. 


3. LoGerfo FW, Corson JD, Mannick JA: 


Improved results with femoropopliteal vein 
grafts for limb salvage. Arch Surg 112:567-570, 
1977. 


‘Railroad Track’ Operation 


To the Editor.-My father, who has | 
retired from the private practice of 


thoracic surgery, has asked me to 
respond to the article by Fonkalsrud 
et al (ARCHIVES 113:1433-1437, 1978) 
entitled "Pectus excavatum repair 
using autologous perichondrium for 
sternal support." The operation that 
he described is quite different than 
the description of it by Fonkalsrud et 
al. ' 

I remember hearing of the "railroad 
track" operation when I was a child. 
Although I did not understand it at 
the time, my father was using a ster- 
ilized piece of model railroad track as 
an external support to repair the 


pectus excavatum. While doing one of — 
these operations, for reasons he is 


unable to characterize, he left the 
lower two costal cartilages attached to 
the body of the sternum while he 
carried out the dissection. After 
performing an osteotomy on the ster- 
num and elevating the body of the 
sternum, he found that a seventh 
costal cartilage (which was still 
attached to the body of the sternum) 
lay in apposition to the fifth rib. He 
then sutured the seventh cartilage to 
the fifth rib using wire sutures. This 
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provided a simple and structurally 
sound support for the sternum with 
the use of autologous tissue. In fact, 
this method provided a more structur- 
ally sound support for the body of the 
sternum and is an easier operation to 
carry out than the one described by 
Fonkalsrud and his colleagues. 

At the time his 1967 article! (which 
is alluded to by Fonkalsrud et al) was 
published, my father had carried out 
this operation on 12 patients, with 


. gratifying results. He continued to 


use this operation for the next ten 
years and continued to enjoy good 
results with it. 
CHARLES O. BRANTIGAN, MD 
Denver 


1. Brantigan OC: Pectus excavatum. Am Surg 
33:253-257, 1967. 


In Reply.—] and my coauthors appre- 
ciate Dr Brantigan's calling our atten- 
tion to the article by his father 


describing the technique of fixing the - 


lower sternum after osteotomy by 
attaching the seventh costal cartilage 
to the adjacent fifth rib. This tech- 
nique may have particular application 
in adolescent or adult patients who 
have a longer segment of sternum 


below the osteotomy and who require - 


some form of rigid fixation. The 
retrosternal periosteal attachment de- 
scribed in our article is most easily 


applied to young children who have a 


relatively short sternum. 
Enric W. FoNKALSRUD, MD 
Los Angeles 


Presence of Myofibroblasts 


To the Editor.—The article entitled 
"Wound Contraction and Fibrocon- 
tractive Disorders" by Ariyan et al 


published in the Arcuives (113:1034- 


1046, 1978) has just come to my atten- 
tion. The observations on the presence 


of myofibroblasts in different fibro- 


contractive disorders is very interest- 


ing and confirm similar studies made | 
at the University of Geneva by Dr 


Gabbiani and myself. 

As was seen in my article that 
appeared in Médecine et Hygiene, the 
presence of myofibroblasts in Peyron- 
ie’s disease had been observed in 1974 
and the finding was published for the 
first time in 1976. This publication has 
been quoted twice since then in Amer- 
ican journals: once in the Internation- 
al Review of Cytology and once in 
Clinics in Plastic Surgery.’ 
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Since the article in the Archives 
appears under the heading “Original 
Articles” and mentions that “this is 
the first report identifying myofibro- 
blasts in the plaque of Peyronie’s 
disease,” I thought you would be 
interested in the aforementioned in- 
formation and would perhaps wish to 
acknowledge it. 

DENYS MonTANDON, MD 
Geneva 


1. Montandon D, Tuchschmid D: Maladie de La 
Peyronie. Med Hygiene 34:1769-1771. 1976. 

2. Gabbiani G, Montandon D: Reparative 
processes in mammalian wound healing: The role 
of contractile phenomena. Intern Rev Cytol 
48:187-219, 1977. 

3. Montandon D, Gabbiani G: The mechanism 
of wound contraction and epithelization. Clin 
Plast Surg 4:325-346, 1977. 


In Reply.—I certainly appreciate the 
letter from Dr Montandon regarding 
our article for it was not our intention 
to overlook their work on Peyronie's 
disease. Our report was based on our 
works on the breast capsular contrac- 
ture and Peyronie's disease during 
1975-1976. The paper was written in 
the spring of 1977 and submitted for 
publication in the fall of 1977. At the 
time of the writing, we were not 
aware of Dr Montandon's similar 
work, as published in the French 
language and cited by them in the 
later reference. Certainly, we owe all 
our knowledge on the myofibroblasts 
to the works of Dr Gabbiani and his 
associates and they deserve all the 
recognition for it. 

STEPHAN ARIYAN, MD 

New Haven, Conn 


Reduction of Sigmoid Volvulus by 
Flexible Sigmoidoscopy 


Reduction of sigmoid colon volvulus 
by means of sigmoidoscopy is well 
known. The recent introduction of the 
60-cm flexible sigmoidoscope has cap- 
tured the imagination of those dealing 
with colonic surgery because of the 
ease of examination and the increased 
diagnostie and therapeutic capability 
when compared to the rigid sigmoid- 
oscope. The purpose of this communi- 
cation is to report two cases in which 
sigmoid volvulus was reduced using 
the 60-em flexible fiberoptic colono- 
scope /sigmoidoscope. 


Report of Cases.—CasE 1.—An 80-year-old 


woman complained of rapid onset of. 


abdominal pain, obstipation, and abdomi- 
nal swelling. Physical examination re- 
vealed a woman of slight stature who was 


ven "rM oUm 


in distress with a swollen tympanic abdo- 
men. Upright abdominal x-ray films were 
consistent with early sigmoid volvulus; the 
patient was afebrile and the WBC count 
was 7,500/cu mm. The flexible 60-em colon- 
oscope was introduced and at 30 cm, a 
narrowing of the lumen was seen. Air and 
water were instilled until the lumen 
enlarged releasing copious amounts of 
liquid stool and gas that required vigorous 
aspiration. This reduced the abdominal 
mass and no evidence of intrinsic colonic 
disease could be found on x-ray film or 
colonoscopy. Because of the patient's age, 
no further surgery was contemplated. She 
has remained well for 18 months. 

CASE 2.—A 47-year-old woman had a long 
history of "spastic colon" treated by anoth- 
er physician. She was seen because of lower 
abdominal pain of two days’ duration. 
Abdominal x-ray films showed a sigmoid 
volvulus. The patient was afebrile. Flexible 
60-cm colonoscope showed à narrow area at 
the 30-cm level and reduction was carried 
out by insufflation of air through the 
narrowed lumen and rotation of the entire 
instrument. The patient felt better, and a 
follow-up barium enema examination gave 
no evidence of a tumor or polyp. The 
patient refused sigmoid resecticn. 


Comment.—The use of the flexible 
sigmoidoscope/colonoscope for thera- 
peutic as well as diagnostic procedures 
makes this a valuable addition to the 
armamentarium of the surgeon inter- 
ested in colonic disease. Reduetion of a 
sigmoid volvulus was easier via this 
instrument than previous procedures 
completed with the rigid sigmoido- 
scope. No sedation was required in 
either case. The same principles apply 
to reduction via flexible endoscopy 
and those of rigid sigmoidoscopy. I do 
not believe they should be attempted 
if the patient is febrile or if the WBC 
count is elevated. 

JOHN J. O’ConNoR, MD 
Washington, DC 


Underlying Flaws in the 
Sarnoff Curve 


To the Editor.—Careful analysis of Dr 
Del Guercio's comments about the 
article by Samii et al that appeared in 
the ARCHIVES (113:1414-1416, 1978) 
shows a serious conceptual flaw in the 
logie underlying the “Sarnoff dia- 
gram.” To find the flaw, one must look 
to the “dimensional” aspects of the x 
and y axes and to the quantities that 
are plotted on them. One should really 
think in terms of a “mapping” 
process, where individual members of 
one set (values for pulmonary wedge 
pressure) are placed in some certain 
correspondence with individual mem- 
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bers of another set (the positive inte- 

gers) in such a manner that certain 
relationships tnat exist between ob- 
jeets of the sets are retained after the 
mapping operation is completed; in 
this case, a wedge pressure of 9 is 
higher than a wedge pressure of 8, 
just as the eardinality of the number 
9 is greater than the cardinality of 
the number 8. 

The Sarnoff diagram is constructed 
by plotting values fer wedge pressure 
on the abscissa and values for the 
function "blood pressure x stroke in- 
dex x.0.01355” on the ordinate. How- 
ever, although plotting the wedge 
pressure on the abscissa does not pres- 
ent any conceptual difficulty, plotting 
the second member cn the ordinate 
proves to be somewkat more trouble- 
some. 

First, we note that this value is the 
product of two measured variables 
and a constant, and that in the 
context of this discussion, the contri- 
bution of the eonstant is of no conse- 
quence. Next, we note that products of 
two values can be expressed in terms 
of the set of points in a two-dimen- 
sional array (A of she Figure). Then 
we note thet we are mapping, in a 
one-to-one manner, this set of points 
on an axis (D of the Figure). Finally, 
we note that such mapping must be 
discontinuous in other words, the 
relationships that exist between 
points while im tie array are not 
preserved after transferring the 
points to the line), and that if we are 
mapping the value for the product on 
the ordinate (ie, the subtended sur- 
face), then each point on the ordinate 
axis would not represent a point from 
the array, but rather a whole set of 
points and specifically those points 
that lie en the hyperbola whose 
numerator is the square root of the 
value for the product in question (B of 
the Figure). In essence, then, in spite 
of its deceptive appearance, the "Sar- 
noff curve” is not an ordinary binary 
function, and al! attempts to treat it 
as sueh—a: a rigorous, logical level or 
at an elementary, .ntuitive level—are 
doomed tc create problems. 

Before elosing, and for the sake of 
completeness, I will briefly touch on 
two more issues. There are many ways 
of orderirg a set of points in a two- 
dimensional array’ and, in general, 
points in array of m dimensions can be 
mapped in ar a ene-to-one way on an 
array of » dimersions (where m is 


greater -han n), but such mapping 
must be discentinuous (D of the 
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A, Product of two factors ("variables") on x-y plane; points on surface subtend areas that 

are products of abscissas by ordinates (a, b, and c). Placing constraints on one variable 
only (range “r”) alters possible range of xy products so that they now reflect changes for 
unconstrained variables (d, e, and f). B, For any hyperbola, area subtended by each of 
the points lying on it is the same (a, b, and c). If values for xy products for all points on the 
plane were ordered on an arbitrary axis, then each point would not represent a unique 
point of the x-y plane, but rather a whole family of points and specifically those points 
that lie on a unique hyperbola. C, Arbitrary constraints have been placed on range of 
permissible xy products (a, one variable is strongly dependent on value of the other; or b, 
one variable is constrained to a wide range, but is independent of the other). In à, 
mapping values for xy products on an axis might give impression of achieving a 
continuous mapping of values for product xy while, in effect, roughly plotting values for x 
(values for y being strongly dependent on x). In b, range for values of y has been 
constrained independently of values for x, and continuous mapping of xy products on a 
single axis is obviously impossible. D, Example of how points in a two-dimensional array 
(multiplication table from 1 to 5, which is not shown) can be placed in one-to-one 


correspondence with point on a line; however, also note that mapping is discontinuous p f 


at critical points (arrows). 


Figure). Second, when one looks at a 
Sarnoff curve, one seems to perceive a 
model of a concept, and this model 
appears to be intuitively correct; this 
is probably so because the range for 
the variables under consideration is 
limited and because the three vari- 
ables probably are not truly indepen- 
dent. This would tend to narrow 
considerably the set of permissible 
configurations of the Sarnoff space (C 
of the Figure), which fact still does 
not diminish in any way the systemat- 
ic flaws intrinsic to the concepts of a 
Sarnoff curve. 

ANTONIO BoBA, MD 

Bakersfield, Calif 


1. Boba A: Essays on Future Trends in Anaes- 
thesia. Berlin, Springer-Verlag Publishing Co, 
1972, p 92. 


In Reply.—In response to Dr Antonio 
Boba's comments on Dr L. R. M. Del 
Guercio’s comments on the article 
entitled “Hemodynamic effects of 
dopamine in septic shock with and 
without acute renal failure" (AR- 
CHIVES 113:1414-1416, 1978), I believe 
it was Emile Zola who said, "To be 
simple is to be great.” This is particu- 
larly true in the case of physiological 
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and clinical concepts. Back in the 


1950s, Stanley J. Sarnoff’ described a 


diagram that neatly displayed the 
Starling-Frank hypothesis of ventric- 
ular function. The original concept, 
derived from work in animals, has 
proved to be a valuable clinical tool in 
man. The Sarnoff ventricular function 
curve is great because it is simple and 
it works. Essentially, Dr Boba’s com- 
plaint is that left ventricular stroke 
work, which is recorded on the ordi- 
nate, is not a single variable but rath- 
er the product of the blood pressure 
and the stroke volume and so should 
be recorded as some sort of hyperbolic 
function. My answer is that any phys- 


iologie variable can be considered as m 
the product of many factors; only the — — 


act of measurement determines 
whether or not it is a single, directly 
measured variable. If left ventricular 
stroke work could be recorded as a 
single number from, for example, a 
ballistocardiogram, would Dr Boba 
still complain? | 
Louis R. M. DEL Guercio, MD 
Valhalla, NY 


l. Sarnoff SJ: Myocardial contractility as 
described by ventricular function curves: Obser- 
vations on Starling's law of heart. Physiol Rev 
35:107-122, 1955. 
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Brief Summary of Prescribing Information 


INDICATIONS For the relief of moderate to moderately severe pain. 


CONTRAINDICATIONS Hypersensitivity to oxycodone aspirin, phenacetin or 
caffeine. 


WARNINGS Drug Dependence Oxycodone can produce drug dependence of 
the morphine type and, therefore, has the potencial for being abused. 
Psychic dependence, physical dependence and Dlerance may develop 
upon repeated administration of PERCODAN® and FERCODAN®-Demi, and 
it should be prescribed and administered with the same degree of caution 
appropriate to the use of other oral narcotic-contaising medications. Like 
other narcotic-containing. medications, PERCODAP® and PERCODAN* 
Demi are subject to the Federal Controlled Substancss Act. 


Usage in ambulatory patients Oxycodone may impair the mental and/or 
physical abilities required for the performance of potentially hazardous 
tasks such as ie a car or operating machinery. The patient using 
PERCODAN® and PERCODAN®-Demi should be cautiened accordingly. 


Interaction with other central nervous system depressants Patients 
receiving other narcotic analgesics, general anesthetics, phenothiazines, 
other tranquilizers, sedative-hypnotics or other CNS depressants (includ- 
ing alcohol) concomitantly with PERCODAN* and PERCODAN*-Demi may 
exhibit an additive CNS depression. When such com»ined therapy is con- 
templated, the dose of one or both agents should be educed. 


Usage in pregnancy Safe use in pregnancy has not teen established rela- 


tive to possible adverse effects on fetal devempment. Therefore, ` 


PERCODAN® and PERCODAN®-Demi should not te used in pregnant 
women unless, in the judgment of the physician, tee potential benefits 
outweigh the possible hazards. 


Usage in children PERCODAN® should not be admmistered to children. 
UAM containing half the amount of oxycodone, can be con- 
sidered. i 


Salicylates should be used with caution in the preserce of peptic ulcer or 
coagulation abnormalities. 


PRECAUTIONS Head injury and increased intracranial pressure The res- 
piratory depressant effects of narcotics and their zapacity to elevate 
cerebrospinal fluid pressure may be markedly exaggerated in the presence 
of head injury, other intracranial lesions or a pre-existing increase in 
intracranial pressure. Furthermore, narcotics produce adverse reactions 
which may obscure the clinical course of patients with head injuries. 
Acute abdominal conditions The administration o PERCODAN* and 
PERCODAN®-Demi or other narcotics may obscure the diagnosis or clini- 
cal course in patients with acute abdominal conditions 


. Special risk patients PERCODAN® and PERCODAN®-Demi should be 


given with caution to certain patients such as the elcerly or debilitated, 
and those with severe impairment of hepatic or renal function, hypothy- 
roidism, Addison's disease, and prostatic hypertrophy o urethral stricture. 


Phenacetin has been reported to damage the kidneys when taken in 
excessive amounts for a long time. 


ADVERSE REACTIONS The most frequently observed adverse reactions 
include light-headedness, dizziness, sedation, nausea and vomiting. 
These effects seem to be more prominent in ambulatory “han in nonambu- 
latory patients, and some of these adverse reactions may be alleviated if 
the patient lies down. 


Other adverse reactions include euphoria, dysphoria, constipation and 
pruritus. 


DOSAGE AND ADMINISTRATION Dosage should be adjusted according to 
the severity of the pain and the response of the patient. It may occasion- 
ally be necessary to exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who have become tolerant 
to the analgesic effect of narcotics. PERCODAN* and PERCODAN*-Demi 
are given orally. 

ao age The usual adult dose is one tablet every 6 hours as needed 
or pain. 

PERCODAN*-Demi Adults — One or two tablets every si» hours. Children 
12 years and older—One-half tablet every six hours. Children 6 to 12 
years —One-quarter tablet every six hours. PERCODAN®-Demi is not 
indicated for children under 6 years of age. 


DRUG INTERACTIONS The CNS depressant effects of PERCODAN® and 
PERCODAN®-Demi may be additive with that of other CMS depressants. 
See WARNINGS. 

Aspirin may enhance the effect of anticoagulants and irhibit the urico- 
suric effect of uricosuric agents. 
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Calendar of Events 





1979 


October 


Association of Military Surgeons of the US, Oct 
2-6, San Diego. For information contact Exec 
Dir W. Welham, MC USN Ret, PO Box 104, 
10605 Concord St, Kensington, MD 20795. 


American Academy of Otolaryngology, Oct 7-11, 


Convention Center, Dallas. Exec VP: C. M. 
Kos, MD, 15 Second St SW, Rochester, MN 
55901. i 

Congress of Neurological Surgeons, Oct 7-12, 
Caesar's Palace, Las Vegas. Contact Secre- 
tary, E. R. Laws, Jr, Mayo Clinic, Rochester, 

. MN 55901. 

American Society for Plastic and Reconstruc- 
tive Surgery, Oct 7-12, Toronto. Contact 
ASPRS Executive Office, 29 E Madison, Suite 
800, Chicago, IL 60602. 

Topics in Gastroenterology and Liver Disease: 
Medical and Surgical Aspects, Oct 11-13, 
1979, The Johns Hopkins Medical Institutions, 
Baltimore, MD. Contact Office of Continuing 
Education, Rm 22, 720 Rutland Ave, Balti- 
more, MD 21205. 

American Society of Anesthesiologists, San 
Francisco, Oct 20-24. Contact the executive 
secretary, J. W. Andes, 515 Busse Hwy, Park 
Ridge, IL 60068. 

American College of Surgeons, Oct 22-26, 


News andAnnouncements 


News and Announcements: The Edi- 
tor will be pleased to receive for publi- 
cation brief notices of meetings, semi- 
nars, or symposia which are of inter- 
est to the readers of the Archives. News 
items of appointments, promotions 
and developments in the field of 
surgery and related disciplines are 
invited. 


Announcement.—' The Society for 
Clinical Trials has recently been orga- 
nized to promote the development and 
exchange of information on clinical 
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Chicago. Contact Edwin Gerrish, MD, ACS, 55 
E Erie St, Chicago, IL 60611. 


November 


Southern Thoracic Surgical Association, Nov 
1-3, Hilton Palacio del Rio, San Antonio, Tex. 
Contact Secretary, Richard B. McElvein, MD, 
Department of Surgery, University of Alabama, 
Birmingham, AL 35294. 

American College of Chest Physicians, Nov 4-8, 
Houston. Contact ACCP, 911 Busse Hwy, Park 
Ridge, IL 60068 

Symposium: The Biology and Management of 
Surgical Wounds, Nov 8-9, 1979 New York 
Hospital-Cornell Medical Center, New York. 
Contact Peter Dineen, MD, Department of 
Surgery, New York Hospital-Correll Medical 
Center, 1300 York Ave, New York NY 10021. 

Western Surgical Association, Nov 11-14, The 
Broadmoor, Colorado Springs, Coo. Contact 
Secretary Paul Hodgson, MD, University of 
Nebraska, Omaha, NE 68105. 

Association for Academic Surgery, Nov 13-15, 
Bond Court Hotel, Cleveland. For nformation 
contact Secretary, E. Sugarbaker, MD, Univer- 
sity of Miami School of Medicine, PO Box 
016310, Miami, FL 33101. 

Memorial Sloan Kettering Cancer Center Sym- 
posium on Diagnosis and Treatment of Bone 
Tumors, Nov 17-18, Memorial Hospital, New 


trials methodology and on research 
using similar methods. The Society 
plans to achieve these goals through 
meetings and publications and by 
attracting members from varieus dis- 
ciplines. Membership is open -o any- 
one interested. For further irforma- 
tion, and to apply for memtership, 
please write to Dr C. R. Klimt. Secre- 
tary, Society for Clinical Trials, Inc, 
600 Wyndhurst Ave, Baltimore, MD 
21210 


Dr Frank N. Cochems Compe&tion.— 
The University of Colorado School of 
Medicine announces the 15th annual 
Cochems Competition. A prze of 


York. Contact A. G. Huvos, MD, Symposium 
Coordinator, Memorial Hospital 1275 York 
Ave, New York, NY 10021. 


1980 


February 


American Society for Surgery of the Hand, Feb 
4-6, Atlanta. Contact Administrative Officer, 
R. J. Smith, MD, Massachusetts General 
Hospital, Boston, MA 02114. 

American Academy of Orthopedic Surgeons, 
Feb 7-12, Georgia World Congress Center, 
Atlanta. Contact Executive Director, C. V. 
Heck, MD, 444 N Michigan Ave. Chicago, IL 
60611. 


April 


American Association for Thoracic Surgery, 
April 28-30, San Francisco. Contact Executive 
Director W. T. Maloney, 6 Beacon St, Suite 
620, Boston, MA 02108. 

Second Pan American Conference on Diseases 
of the Chest, April 19-23, Rio de Janiero. For 
information, Jesse P. Teixeira, MD, Caixa 
Postal 37, Rio de Janiero, RJ 20000, Brazil. 


$2,500 will be awarded to the author of 
the best paper concerning "throm- 
bophlebitis and basic vascular prob- 
lems." It should be concerned with the 
mechanisms or processes of vascular 
disease, particularly thrombosis, but 
not restricted to it. Eligibility is 
limited to physicians subject to US 
income tax regulations. Entries must 
be received in triplicate on or before 
Nov 30, 1979. Inquiries regarding the 
competition and all manuscripts 
should be submitted to the Dean, 
School of Medicine, University of 
Colorado Medical Center, 4200 East 
Ninth Ave #C-290, Denver, CO 
80262. 


Calendar /News 


OSTO” ERATIVE AI 


orompt narcotic / analgesic 
relief without A.PC. 


The principal analgesic ingrecient, oxycodone, is 
a semisynthetic narcotic with multiple actions 
qualitatively similar to those cf morphine. The 
analgesic effect.of oxycodone begins within 10 to 
15 minutes after oral administretion, peaks at 45 
minutes, and persists for 3 to 8 10urs.'* Acetamin- 
ophen, a ron-narcotic analgesic, complements 
the pain relief provided by oxycodone. 


Summary o! Prescribing Information 
Contraindications: Jype'sensitivty to oxycodone or 
acetaminophen 


Warnings: Drug depemdence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Fsychic dependence, physical 
dependence and olerance may develop upon 
repeated atdministretion; prescribe and administer 
with same caution a»propriate to 5ther oral narcotic- 
contairing medications. Subject t the Federal Con- 
trolled Subszances Act 

Usage in ambulatory patents: Caution patients that 
oxycodone may impair mental and/or physical abili- 
ties recuired for performance of potentially hazardous 
tasks such as driving a car or operating machinery. 
Interaction with other Centra Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics general anesthetics, phenothiazines, other 
tranquilizers, sedatwe-hypnotcs or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhib® additive CNS depression. When such 
combined therapy 5 contemplated, the dose of one 
or both agents should be-reduced 

Usage in pregnancy: Safe use not established. 
Should nct be usec in pregnant women unless 
potential benefits outweich possible hazards. 

Usage in children: Should not be administered to 
chilcren 


Precautions: Heac irjusny and ir creased intracranial 
pressure: “he respiratory depressant effects of nar- 
cotics and their capacity to eieva«e cerebrospinal fluid 
pressure may be markedly exacgerated in the pres- 
ence of head injury, other intrecranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the c inica! course of patients with head 
Injuries 

Acute abdominal cenditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions. 

Special risk patients: Administer with caution to cer- 
tain patents such as the eidery or debilitated, and 
those with severe impairment of nepatic or renal 
function, ^ypothyrcidism, Adcison s disease, and 
prostatic hypertrophy or urethra stricture. 


Adverse Reactions: Mos: frequent: Lightneaded- 
ness, dizzmess, sedation, nausea and vomiting; more 
prominent in ambulatory than non-ambulatory 
patents; some of fhese reactiors may be alleviated if 
the patient lies down. Others: euphoria, dysphoria, 
constipation. skin sash and prurtus 


Dosage and Administratiorz Dosage should be 
adjusted accordirg to severity 2f pain and response 
of the patient. It may occasosally be necessary to 
exceed Me usual dosage recommended below in 
cases of more severe pain or n those patients who 
have become tolerant.to the analgesic effect of nar- 
cotics TYLOX capsules are given orally. Usual adult 
dose is ene capsule every 6 hours as needed for 
pair 


Drug interactions: CNS deorsssant effects may be 
additive with thet of other CNS depressants. See 
Warnings 

Caution. Federa law prehibrs dispensing without 
prescription 

For information on symptors/treatment of over- 
dosage, see full prescribing information 

Full directions for use should te read before adminis- 
tering or prescribing 


*Halperr. L.M., and Bonica, J.J, ‘Analgesics,’ in 
Modell, W., ed. Crugs of Choice 1976-1977, St. Louis, 
The C.V Mosby Cc.. 1976, p. 213 0775 





CAPSULES 


oxycodone HCI* 4.5 mg, 
oxycodone terephthalate” 0.38 mg, 
acetaminophen 500 mg 


*Warning: May be habit forming. 


McNeil Laboratories, McNEILAB, Inc., Fort Washington, PA 19034 © McN 1978 
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dioctyl sodium sulfosuccinate 


‘Solace means escape —from: laxative 
‘stimulation, from laxative harshness, 
trom laxative habit:-Golace gently 
helps soften stools:for-easy, painless, 
unstrained elimination. It's the creat 
laxatív&eescape, from infancy to olt 
‘age: Available in: 100 and. 50 mg.:cap- 
süles- Syrup or-Hauid 


Mead lingam 


PHARMACEUTICAL: DIVISION 
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VALIUM 


diazepam/Roche) 


HAS SUCHA 
WIDE RANGE OF 


CLINICAL INDICATIONS 


AS AN ANXIOLYTIC Only Valium is indicated for excessive anxiety 


in the following range of clinical problems: 
INDICATIONS FOR THE ANXIOLYTIC ACTION OF VALIUM (diazepam/Roche) 
Excessive anxiety and tension due to stressful circumstances 


Psychoneurotic states characterized by tension, anxiety, apprehension, fatigue, depressive 
symptoms or agitation 


Functional disorders — excessive anxiety in somatic complaints with no demonstrable organic cause 


Emotional components of somatic disorders— excessive anxiety and tension associated with 
cardiovascular, gastrointestinal and other disorders 


Anxiety-inducing hospital procedures— Injectable form, e.g., surgery (IM preferred), endoscopy 
(IV preferred, used adjunctively), cardioversion (IV only) 





AS A SKELETAL MUSCLE RELAXANT vatium has 


a record of proven efficacy as adjunctive therapy for skeletal muscle spasm due to reflex 
spasm to local pathology in the following disorders: 


INDICATIONS FOR THE 
SKELETAL MUSCLE RELAXANT ACTION OF VALIUM (diazepam/Roche) 


Skeletal muscle spasm due to local pathology such as acute muscle strain, inflammation of 
muscles or joints, and secondary to trauma 


Spasticity caused by upper motor neuron disorders (such as cerebral palsy or paraplegia), 
athetosis, stiff-man syndrome, and tetanus (IM or IV only) 


Its wide margin of safety is another clinical advantage of Valium. Drowsiness, ataxia and fatigue may occur 
but they are rare: As with all CNS-acting agents, patients should be cautioned against driving or drinking 
alcohol while on Valium. Periodic reassessment of the need for a psychotropic agent is also recommended. 


OY EUM (diazepam/Roche) HAS SUCH A WIDE RANGE 
diis. OF DOSAGE FORMS AND FLEXIBILITY 


Only Valium is provided in scored tablets in three strengths for precise yet 
easy and convenient dosage titration. Injectable forms for ! M or IV adminis- 
tration come in 2-ml ampuls and 10-ml vials, and pica. syringes. 


E 
2-mg, 5-mg, 10-mg scored tablets 
Tel-E-Dose® Reverse-Number Packs 

2-mi Tel-E-Ject® 
disposable syringes \ 5 mg/ml 
2-ml ampuls, 10-mil vials / 


Before prescribing. pease see summary of product information on last pé 
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VERSATILITY WITH CLINICAL ADVANTAGES 








VALIUM. 


diazepam /Rocne 


Before prescribing, please consult complete product information, a 
summary of which follows: . 

Indications: Tension and anxiety states; somatic complaints which are con- 
comitants of emotional factors; psychoneurotic states manifested by tension, 
anxiety, apprehension, fatigue, depressive symptoms or agitation; symptom- 
atic relief of acute agitation, tremor, impending or acute delirium tremens and 
hallucinosis due to acute alcohol withdrawal; adjunctively in: relief of skeletal 
muscle spasm due to reflex spasm to local pathology; spasticity caused by 
upper motor neuron disorders; athetosis; stiff-man syndrome. Oral form may 
be used adjunctively in convulsive disorders, but not as sole therapy. /nject- 
able form may also be used adjunctively in: status epilepticus; severe recurrent 
seizures; tetanus; anxiety, tension or acute stress reactions prior to endo- 
scopic/surgical procedures; cardioversion. 

The effectiveness of Valium (diazepam/Roche) in long-term use, that is, more 
than 4 months, has not been assessed by systematic clinical studies. The 
physician should periodically reassess the usefulness of the drug for the indi- 
vidual patient. 

Contraindications: Tablets in children under 6 months of age; known hyper- 
sensitivity; acute narrow angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 

Warnings: As with most CNS-acting drugs, caution against hazardous occu- 
pations requiring complete mental alertness (e.g., operating machinery, driv- 
ing). Withdrawal symptoms (similar to those with barbiturates, alcohol) have 


. occurred following abrupt discontinuance (convulsions, tremor, abdominal/ 


muscle cramps, vomiting, sweating). Keep addiction-prone individuals (drug 
addicts or alcoholics) under careful surveillance because of predisposition to 
habituation/dependence. 

Usage in Pregnancy: Use of minor tranquilizers during first 

trimester should almost always be avoided because of increased 

risk of congenital malformations, as suggested in several 

studies. Consider possibility of pregnancy when instituting 

therapy; advise patients to discuss therapy if they intend to or do 

become pregnant. 
ORAL: Advise patients against simultaneous ingestion of alcohol and other CNS 
depressants. 
Not of value in treatment of psychotic patients; should not be employed in lieu 
of appropriate treatment. When using oral form adjunctively in convulsive dis- 
orders, possibility of increase in frequency and/or severity of grand mal sei- 
zures may require increase in dosage of standard anticonvulsant medication; 
abrupt withdrawal in such cases may be associated with temporary increase in 
frequency and/or severity of seizures. 
INJECTABLE: To reduce the possibility of venous thrombosis, phlebitis, local 
irritation, swelling, and, rarely, vascular impairment when used I.V.: inject 
slowly, taking at least one minute for each 5 mg (1 ml) given; do not use small 
veins, i.e., dorsum of hand or wrist; use extreme care to avoid intra-arterial 
administration or extravasation. Do not mix or dilute Valium with other solutions 
or drugs in syringe or infusion flask. If it is not feasible to administer Valium 
directly I.V., it may be injected slowly through the infusion tubing as close as 
possible to the vein insertion. 
Administer with extreme care to elderly, very ill, those with limited pulmonary 
reserve because of possibility of apnea and/or cardiac arrest; concomitant use 
of barbiturates, alcohol or other CNS depressants increases depression with 
increased risk of apnea; have resuscitative facilities available. When used with 
narcotic analgesic eliminate or reduce narcotic dosage at least 1/3, administer 
in small increments. Should not be administered to patients in shock, coma, 
acute alcoholic intoxication with depression of vital signs. 
Has precipitated tonic status epilepticus in patients treated for petit mal status 
or petit mal variant status. 
Withdrawal symptoms (similar to those with barbiturates, alcohol) have oc- 
curred following abrupt discontinuance (convulsions, tremor, abdominal/ 
muscle cramps, vomiting, sweating). Keep addiction-prone individuals under 
careful surveillance because of predisposition to habituation/dependence. Not 
recommended for OB use. 
Efficacy/safety not established in neonates (age 30 days or less); prolonged 
CNS depression observed. In children, give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged somnolence; can be repeated after 15 to 
30 minutes. If no relief after third administration, appropriate adjunctive therapy 
is recommended. 
Precautions: If combined with other psychotropics or anticonvulsants, care- 
fully consider individual pharmacologic effects—particularly with known com- 
pounds which may potentiate action of Valium, i.e., phenothiazines, narcotics, 
barbiturates, MAO inhibitors and antidepressants. Protective measures indi- 
cated in highly anxious patients with accompanying depression who may have 
suicidal tendencies. Observe usual precautions in impaired hepatic function; 
avoid accumulation in patients with compromised kidney function. Limit oral 
dosage to smallest effective amount in elderly and debilitated to preclude 
ataxia or oversedation (initially 2 to 2V» mg once or twice daily, increasing 
gradually as needed or tolerated). 
INJECTABLE: Although promptly controlled, seizures may return; readminister if 
necessary; not recommended for long-term maintenance therapy. Laryngo- 
spasm/increased cough reflex are possible during peroral endoscopic  . 
procedures; use topical anesthetic, have necessary countermeasures avail- 
able. Hypotension or muscular weakness possible, particularly when used with 


narcotics, barbiturates or alcohol. Use lower doses (2 to 5 mg) for elderly/ 
Aahilitatand 


Adverse Reactions: Side effects most commonly reported were drowsiness, 
fatigue, ataxia. Infrequently encountered were confusion, constipation, de- 
pression, diplopia, dysarthria, headache, hypotension, incontinence, jaundice, 
changes in libido, nausea, changes in salivation, skin rash, slurred speech, 
tremor, urinary retention, vertigo, blurred vision. Paradoxical reactions such as 
acute hyperexcited states, anxiety, hallucinations, increased muscle spasticity, 
insomnia, rage, sleep disturbances and stimulation have been reported; 
should these occur, discontinue drug. 

Because cf isolated reports of neutropenia and jaundice, periodic blood 
counts, liver function tests advisable during long-term therapy. Minor changes 
in EEG patterns, usually low-voltage fast activity, have been observed in pa- 
tients during and after Valium (diazepam/Roche) therapy and are of no known 
significance. 

INJECTABLE: Venous thrombosis/phlebitis at injection site, hypoactivity, syn- 
cope, bradycardia, cardiovascular collapse, nystagmus, urticaria, hiccups, 
neutropenia: 

In peroral endoscopic procedures, coughing, depressed respiration, dyspnea, 
hyperventilation, laryngospasn/pain in throat or chest have been reported. 
Dosage: Individualized for maximum beneficial effect. 

ORAL—Aaults: Tension, anxiety, psychoneurotic states, 2 to 10 mg b.i.d. to 
q.i.d.; acute alcohol withdrawal, 10 mg t.i.d. or q.i.d. in first 24 hours, then 5 mg 
t.i.d. or q.i d. as needed; adjunctively in skeletal muscle spasm, 2 to 10 mg 
Li.d. or q.i a.; adjunctively in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 2V» mg 1 or 2 times daily initially, increas- 
ing as needed and tolerated. (See Precautions.) Children: 1 to 2⁄2 mg t.i.d. or 
q.i.d. initially, increasing as needed and tolerated (not for use uncer 6 months). 
INJECTABLE: Usual initial dose in older children and adults is 2 to £0 mg I.M. or 
I.V., depending on indication and severity. Larger doses may be required in 
some conditions (tetanus). In acute conditions injection may be repeated 
within 1 hour, although interval of 3 to.4 hours is usually satisfactory. Lower 
doses (usually 2 to 5 mg) with slow dosage increase for elderly or debilitated 
patients and when sedative drugs are added. (See Warnings and Adverse 
Reactions.) 

For dosages in infants and children see below; have resuscitative facilities 
available. 

I.M. use: by deep injection into the muscle. 

LV. use: inject slowly, take at least one minute for each 5 mg (1 mh given. Do not 
use small veins, i.e., dorsum of hand or wrist. Use extreme care to avoid 
intra-arterial administration or extravasation. Do not mix or dilute Valium with 
other solutions or drugs in syringe or infusion flask. If it is not feasible to 
administer Valium directly I.V., it may be injected slowly through the infusion 
tubing as close as possible to the vein insertion. 

Moderate psychoneurotic reactions, 2 to 5 mg I.M. or I.V. and severe 
psychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in 3 to 4 hours if 
necessary; acute alcoholic withdrawal, 10 mg I.M. or I.V. initially, then 5 to 10 
mg in 3 tc 4 hours if necessary. Muscle spasm, in adults, 5 to 10 mg I.M. or I.V. 
initially, then 5 to 10 mg in 3 to 4 hours if necessary (tetanus may require larger 
doses); in children, administer I.V. slowly; for tetanus in infants over 30 days of 
age, 1 to 2 mg I.M. or I.V., repeat every 3 to 4 hours if necessary; in children 5 
years or older, 5 to 10 mg repeated every 3 to 4 hours as needec. Respiratory 
assistance should be available. 

Status epilepticus, severe recurrent convulsive seizures (I.V. route preferred), 5 
to 10 mg adult dose administered slowly, repeat at 10- to 15-minute intervals up 
to 30 mg maximum. Repeat in 2 to 4 hours if necessary keeping in mind 
possibility of residual active metabolites. Use caution in presence of chronic 
lung disease or unstable cardiovascular status. Infants (over 30 days) and 
children tunder 5 years), 0.2 to 0.5 mg slowly every 2 to 5 min., up to 5 mg (I.V. 
preferred). Children 5 years plus, 1 mg every 2 to 5 min., up to 10 mg (slow I.V. 
preferred); repeat in 2 to 4 hours if needed. EEG monitoring may be helpful. 

In endoscopic procedures, titrate I. V. dosage to desired sedative response, 
generally 10 mg or less but up to 20 mg (if narcotics are omittedy immediately 
prior to procedure; if I. V. cannot be used, 5 to 10 mg I.M. approximately 30 
minutes prior to procedure. As preoperative medication, 10 mg !.M.; in car- 
dioversian, 5to 15 mg I.V. within 5 to 10 minutes prior to procedure. Once acute 
symptomatology has been properly controlled with injectable form, patient 
may be placed on oral form if further treatment is required. 

Management of Overdosage: Manifestations include somnolence, confusion, 
coma, diminished reflexes. Monitor respiration, pulse, blood pressure; employ 
general supportive measures, |.V. fluids, adequate airway. Use levarterenol or 
metaraminol for hypotension, caffeine and sodium benzoate for CNS- 
depressive effects. Dialysis is of limited value. 

Supplied: Tablets, 2 mg, 5 mg and 10 mg, bottles of 100 and 500; Tel-E-Dose® 
(unit dose) packages of 100, available in trays of 4 reverse-numpbered boxes of 
25, and in boxes containing 10 strips of 10; Prescription Paks of 50, available 
in trays of 10. Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject® 
(disposable syringes), 2 ml, boxes of 10. Each ml contains 5 mg diazepam, 
compounded with 40% propylene glycol, 10% ethyl alcohol, 5% sodium ~ 
benzoate and benzoic acid as buffers, and 1.5% benzyl alcohol as preservative 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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The New Generation in Surgical Education and Self-Assessment—SESAP IIl... Ress. Protea: 1107 


Arthur E. Bawe, MD New Haven, Conn 


PAPERS PRESENTED AT THE ANNUAL MEETING OF THE SOUTHERN CALIFORNIA CHAPTER 
OF THE AMERICAN COLLEGE OF SURGEONS, NEWPORT BEACH, CALIF, JAN 19, 1979 


‘Malignant Diverticulitis: A Clinical Entity... 
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Leon Morgenstern, MD; Robert Weiner, MD; Stephen L. Michel, MD, Los Angeles 
A particularly virulent end of the spectrum of diverticulitis is described. 


Editcria! comment by Gordon A. Donaldson, MD, Boston 


Congenital Diaphragmatic Hernias: Eleven Years' Experience 


Henry-G. Mishalany, MD, Los Angeles; Konsouke Nakada, MD, Kawasaki, Japan; Morton M. Woolley, MD, Los Angeles 


Early diagnosis and operation did not improve survival. 


Gastrointestinal Anomalies Associated With Esophageal Atresia or Tracheoesophageal Fistula .......... 1125 


Richard J. Andrassy, MD, G. Hossein Mahour, MD, Los Angeles 


One fourth of patients with esophageal atresia and/or fistula had associated anomalies that required attention. 
Editorial comment by Robert J. Touloukian, MD, New Haven, Conn 


Surgical Management of Congenital Lymphedema in Infants and Children .............. PWG NE See EN URV. TPR A 1133 


Eric W. Fonkalsrud, MD, Los Angeles 


The differences between congenital lymphedema, lymphedema praecox, 


and secondary lymphedema are described. 


Carotid Bruit: A Follow-up Report on Its Significance in Patients Undergoing an Abdominal Aortic Operation... ... 1138 
Richard L. Treiman. MD; Robert F. Foran, MD; J. Louis Cohen, MD; Phillip M. Levin, MD; David V. Cossman, MD, Los Angeles 
The risk of postoperative stroke did not correlate with presence of a carotid bruit. 


Primary Excision and Grafting of Burns Located Over an Open Fracture |... 1141 
William T. Choctaw, MD, Bruce E. Zawacki, MD, Los Angeles; Lawrence Dorr, MD, Downey, Calif 
The zoncepts of early burn excision and grafting, and reduction and closure of 


an open fracture, are used together. 


Surgical Safaris With the East Africa Flying Doctor Service sss . 1143 
David VJ. Furnas. MD, Irvine, Calif; Donald Gilchrist, FRCS; Thomas D. Rees, MD; A. Michael Wood, CBE, FRCS, Nairobi, Kenya 
A method of providing specialized surgical care in a difficult setting. 


‘Kissing’ DBuodenal Ulcers ....................................sseseseeessssss 


Bruce =. Stabile. MD; Henry J. Hardy, MD; Edward Passaro, Jr, MD, Los Angeles 


A history or findings of GI bleeding suggests this problem. 
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THE ARCHIVES OF SURGERY (ISSN 0004-0010) is published monthly by 
the American Medical Association, 535 N Dearborn St, Chicago, IL 60610, 
and is an official publication of the Association. Second-class postage paid 
at Chicago, IL 69610 andat additional mailing office. 


CHANGE OF ADDRESS: POSTMASTER, send address changes to Helen 
R. Mazur, Director, Circulation-Fulfillment. Notification of address change 
should be sent at least six weeks in advance, including both old and new 
address and a malling label taken from the most recent copy. Include your 
new zip code number. 


SUBSCRIPTION RATES: The rates for the ARCHIVES OF SURGERY are as 
follows: for members of he AMA, $1.50, included in the annual member- 
ship dues; for nonmembers, $24 for one year, $40 for two years 


in the United States and US possessions; all other countries, $34 for one 
year, $60 for two years. Special yearly price to residents, interns, and 
medical students in the United States and US possessions, one year, $12; 
two years, $20. Address all subscription communications to Circulation- 
Fulfillment Department. Phone: 312, 751-6079. 


ADVERTISING OFFICES: 535 N Dearborn St, Chicago, IL 60610, Area 
Code 312, 751-6675; and 600 Third Ave, New York, NY 10016, Area Code 
212, 867-6640. 


ADVERTISING PRINCIPLES: Each advertisement in this issue has been 
reviewed and complies with the principles governing advertising in AMA 
scientific publications. A copy of these principles is available on request. 
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CONTENTS—Continued 


Massive Lower Gastrointestinal Bleeding From Intestinal Varices ooo 5 1158 
Samuel E. Wilson, MD, Richard T. Stone, MD, Los Angeles; John P. Christie, MD, Miami; Edward Passaro, Jr, MD, Los Angeles 
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Brief Summary. Consult the package literature for prescribing information. 


Indications and Usage: Mando is indicated for the treatment of serious infec- 
tions Caused by susceptible strains of the designated microorganisms in the 
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Lower respiratory infections, including pneumonia caused by Streptococ- 
cus pneumoniae (Diplococcus pneumoniae), Haemophilus influenzae. 
Klebsiella species. Staphylococcus aureus (penicillinase and non- 
penicillinase-producing), beta-hemolytic streptococci, and Proteus 
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Urinary tract infections caused by Escherichia coli, Proteus species (both 
indole-negative and indole-positive), Enterobacter species, Klebsiella 
species, group D streptococci (Note: Most enterococci. e.g., S faecalis, 
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Peritonitis caused by E. coli and Enterobacter species 
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Clinical microbiologic studies in nongonococcal pelvic inflammatory dis- 
ease in females, lower respiratory infections, and skin infections frequently 
reveal the growth of susceptible strains of both aerobic and anaerobic orga- 
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organisms have been isolated. Most strains of Bacteroides fragilis areresistant 
in vitro; however, infections caused by susceptible strains have been treated 
successfully. 

Specimens for bacteriologic cultures should be obtained in order to isolate 
and identify causative organisms and to determine their susceptibilities to 
cefamandole. Therapy may be instituted before results of susceptibility studies 
are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. 

In certain cases of confirmed or suspected gram-positive or gram-negative 
sepsis or in patients with other serious infections in which the causative orga- 
nism has not been identified, Mandol may be used concomitantly with an 
aminoglycoside (see Precautions). The recommended doses of both anti- 
biotics may be given, depending onthe severity ofthe infection andthe patient's 
condition. The renal function of the patient should be carefully monitored, 
especially if higher dosages of the antibiotics are to be administered. 

Antibiotic therapy of beta-hemolytic streptococcal infections should con- 
tinue for at least ten days. 


Contraindication: Mando! is contraindicated in patients with known allergy to 
the cephalosporin group of antibiotics. 


Warnings: BEFORE THERAPY WITH MANDOL IS INSTITUTED, CAREFUL IN- 
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Precautions: Although Mandol rarely produces alteration in kidney function. 
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Nephrotoxicity has been reported following concomitant administration of 
aminoglycoside antibiotics and cephalosporins. 
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philia, and drug fever have been reported. These reactions are more likely to 

occur in patients with a history of allergy. particularly to penicillin. 
Blood — Neutropenia and thrombocytopenia have been reported rarely 





Some individuals have developed positive direct Coombs tests during treat 
ment with the cephalosporin antibiotics. : 

Liver —ansient rise in SGOT, SGPT. and alkaline phosphetase levels ha: 
been noted. 

Kidney- Decreased creatinine clearance has been reported in patient: 
with prior renal impairment. As with some other cephalospcrins. transiton 
elevations of BUN have occasionally been observed with Mendol; their fre 
quency irzreases in patients over 50 years of age. In some »f these cases 
there was also a mild increase in serum creatinine. 

Local Feactions — Pain on intramuscular injection is infrequent. Thrombo: 
phlebitis eccurs rarely. 


Administration and Dosage: Dosage — Adults: The usual dosage range fot 
cefamancole is 500 mg to 1 gm every four to eight hours 

In infec::ons of skin structures and in uncomplicated pneurr onia, a dosage 
of 500 mc every six hours is adequate. 

In uncomplicated urinary tract infections, a dosage of 500 mg every eight 
hours is sufficient. In more serious urinary tract infections. a dosage of 1 gm 
every eight hours may be needed. 

In severe infections, 1-gm doses may be given at four to six hour intervals. 

In life-threatening infections or infections due toless susceptple organisms, 
doses up to 2 gm every four hours (i.e., 12 gm per day) may >e needed. 

Infants «nd Children: Administration of 50 to 100 mg/kg/3ay ın equally 
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susceptib to Mandol This may be increased to a total daily dose of 150 mg/kg 
(not to exceed the maximum adult dose) for severe infections. “See Warnings 
and Precautions for this age group.) 
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group A beta-hemolytic streptococci in order to guard against te risk of rheu- 
matic fever or glomerulonephritis; frequent bacteriologic and clinical ap- 
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infectionssmay require treatment for several weeks; and doses smaller than 
those indicated above should not be used. 
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dosage must be employed and the serum levels closely montored. After an 
initial dose of 1to 2 gm (depending on the severity of infection). a maintenance 
dosage sehedule should be followed (see chart). Continued dosage should 
be determined by degree of renal impairment. severity of infection, and 
susceptib::ty of the causative organism. 
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When only serum creatinine is available. the following formula (based on 
Sex. weigiat. and age of the patient) may be used to convert this value into 
creatinine clearance. The serum creatinine should represent a steady state 
of renal function 


Weight (kg) x (146 — age) 
72 x serum creatinine 
Females: 0.9 x above value 
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Commentary 


The New Generation in Surgical Education 
and Selt- Assessment —SESAP III 


T his month, the th rd in the series of continuing educa- 
tion programs developed by the American College of 
Surgeons (ACS) (surgical education and self-assessment 
program [SESAP]) will be available to subscribers. The 
Clinical Congress of the College meeting Oct 21-26, 1979, in 
Chicago, will feature this event with a mini-test as a 
sample of the program. The SESAP III continues the 
multiple-choice quest ons (or items) and syllabus of the 
previous programs and adds an important new approach to 
assessment—the patient management program (PMP) 
format. In addition, the SESAP program is now correlated 
with the voluntary recertification program of the Ameri- 
can Board of Surgery effective July 1980. 

The SESAP program, although using the testing meth- 
odology of psychometzics, is not a test and is best called an 
assessment cr evaluation. There are no grades or pass-fail 
levels because the purpose of the program is to provide 
self-assessment, instruction, and a way in which the prac- 
ticing surgecn can maintain that level of knowledge of the 
principles and advances of surgery expected of him. It will 
also help one prepare “or recertification and will enable the 
specialist to maintain a capability and familiarity with the 
central body of knowledge of surgery. The program is thus 
designed for all surgeons, and the material or body of 
knowledge covered is that with which all surgeons should 
be familiar. 

SESAP III is made up of new questions that have been 
constructed over the past three years by 83 surgeons who 
are recognized as authorities in their disciplines. The 
multiple-choice items are in nine categories that include (1) 
preoperative and postoperative care, fluids, and electro- 
lytes; (2) shock, resuscitation, blood, and anesthesia; (3) 
wounds, burns, plastic, infection; (4) cardiac, thoracic, 
vascular; (5) gastrointestinal; (6) endocrine, obstetrics/ 
gynecology, breast; (7) ophthalmologic, otorhinolaryngo- 
logic, urologic, neurologic, orthopedic; (8) cancer; and (9) 
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trauma. The PMP portion is made up of 15 cases of various 
surgical problems, including trauma, infection, acute 
abdominal disease, and others. An optional self-assessment 
program in neurological surgery is available for those who 
wish to use it combined with SESAP. | 
Those interested in SESAP III are urged to enroll early, 
complete the assessment, and return the marked answer 
sheets before Feb 29, 1980, so that they can receive the 
computer scoring that will be available from Nov 1 until 
Feb 29. Those completing the program during this period 
will receive a computer-composed report of their total score 
and of scores in each area as compared with others in their 
specialty. A certificate will also be provided indicating 
completion of the program and credit for 155 credit hours 
in Category 1 toward the Physician's Recognition Award 
of the American Medical Association (AMA). The individ- 
ual's responses and score will be confidential and known 
only to that individual according to his self-assessment 
number. Composite scores of groups may be used by the 


College to develop or modify educational activities of the 


College, which should be a plus for the Fellowship. 
ORIGINS OF SESAP 


These programs of continuing surgical education by 
self-assessment were begun by the College in 1971 with the 
release of SASAP I. This original instrument was made up 
of 750 multiple-choice items or questions written by prac- 
ticing surgeons with the assistance of the College staff and 
the National Board of Medical Examiners. References 
were provided indicating where a surgeon could seek 
information related to a question. There was considerable 
initial interest and enthusiasm for the program. At that 
time, the regional meetings of the College were brought 
together into a single large spring meeting, and SESAP I 
formed the basis for the courses and workshops in the first 
such meeting in New York, 1972. Despite the usefulness of 
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this initial effort, it was recognized that improvements 
could be made. One area for improvement was to provide 
feedback about a question, since a reference may be hard 
to find or may not review the exact question. The commit- 
tees that wrote questions found it necessary to meet, 
discuss, review, and revise questions before they were 
accepted by the entire committee for use in the program. It 
was apparent that such a discussion along with references 
could be written as a critique about each question and could 
be given to the participant in a book or syllabus. This was 
an immensely successful addition to SESAP II, released in 
1974, and more than 22,000 have participated. 

Plans for the development of SESAP III were approved 
by the Board of Regents in 1976, at which time committees 
began meeting. During the planning for this third genera- 
tion of self-assessment, several important trends were 
recognized. One was that many organizations and licensing 
boards required participation in continuing medical educa- 
tion (CME) programs and documentation of that activity. 
While "compulsory CME" is still being debated, the confi- 
dent, capable physician will always continue his education 
and will be proud to document such activities. The AMA 
has developed a system for the review and approval of 
CME programs and for recording the credits for them. The 
SESAP III program was reviewed by an AMA advisory 
group, which approved of the rating by the ACS for 155 
credit hours in Category 1, as indicated earlier. The criteria 
for Category 1 credit is that the continuing educational 
activity must have been accredited and there must be 
documentation of participation. Thus, this credit can be 
given only to those who document their participation 
during the computer scoring period. The present require- 
ment for the Physician's Recognition Award of the AMA is 
that a physician must have 60 hours of Category 1 credit 
every three years. Thus, the SESAP III program can 
provide a substantial amount of Category 1 requirements 
for this award. 

The second trend has been toward recertification by the 
various specialty boards. Some states require continuing 
education for periodic relicensure as well. The American 
Board of Internal Medicine conducted its first recertifica- 
tion procedure for diplomates in 1974. In 1976, the Ameri- 
can Board of Family Practice instituted their recertifica- 
tion process. The American Board of Allergy and Immunol- 
ogy, the American Board of Obstetrics and Gynecology 
and the American Board of Plastic Surgery began their 
recertification activities in 1977. By the end of 1978, other 
boards have recertification proposals under consideration 
by the Advisory Board for Medical Specialties. The Amer- 
ican Board of Surgery will provide the first opportunity for 
voluntary recertification in 1980. This program is designed 
to provide an opportunity for the Board-certified practic- 
ing surgeon to voluntarily demonstrate his capabilities for 
continuing certification. In addition, certificates of the 
Board issued in 1976 and following were issued for a period 
of ten years, so that in 1986, the American Board of 
Surgery’s recertification process will no longer be volunta- 
ry. Representatives of the American Board of Surgery and 
the Committee on Continuing Education of the College 
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met and developed an agreement for correlating the 
activities of continuing education and recertification. This 
agreement stated jointly by them in 1976, was. 


The American College of Surgeons and The American Board of 
Surgery have agreed to correlate the College's Surgical Education 
and Self-Assessment Program (SESAP III) with the Board's first 
Voluntary Recertification Examination to be offered in the fall of 
1980. The American Board of Surgery will inform cardidates for 
recertification that they should be familiar with the body of 
knowledge covered by SESAP III. This agreement, in essence, 
emphasizes that the role of the College is education and that of the 
Board is determination of knowledge as well as other indications 
of competence. The agreement between the American College of 
Surgeons and The American Board of Surgery indicates that the 
clinical and other problems addressed by SESAP as well as other 
educational activities of the American College of Surgeons will 
constitute the basis for the questions to be used in the examination 
portion of the Board's mechanism for voluntary recertification. 


DEVELOPING SESAP III 


In developing SESAP III, the Committee on Continuing 
Education of the ACS recognized that the conventional 
multiple-choice items had limits as to what they could give 
the individual. The multiple-choice type of evaluation, 
although objective, stresses primarily the ability to recall 
facts and factual knowledge. Dr James V. Maloney, Jr, a 
previous chairman of the Committee on Continuing Educa- 
tion, stated in his foreword to SESAP II, "SSESAP II makes 
only one assumption: Given two surgeons of equal intellec- 
tual capacity, experience and technical skill, the more 
knowledgeable surgeon will provide better patient care. 
Until a valid measure of clinical competence is developed, 
this assumption alone justifies the effort on the part of the 
surgeon to evaluate and expand his own krowledge." 
Special emphasis has been placed on new knowledge that 
has become available in recent years. The multiple-choice 
methodology, however, could provide little information as 
to how a surgeon cared for a patient in the clinical 
setting. 

To fill this gap, SESAP III instituted a new program 
using the patient management problems in order to try to 
help a surgeon evaluate more directly how he cares for 
patients with various surgical disease processes. The PMP 
approach in testing and evaluation was introduced origi- 
nally by the National Board of Medical Examiners in 1961 
and at that time was called “Programmed Testing of 
Patient Management Problems.” A clinical situation is 
simulated in which a patient with an illness or injury is 
presented. Limited information is provided in the case 
history, or “stem,” as it is called. The participant is then 
asked what he would do next in a sequence of events and is 
given a number of choices. These choices may include 
further questions about the history, laboratory studies, 
other diagnostic procedures, and approaches to treatment. 
To make the evaluation more realistic, the participant is 
provided an answer book with a series of ink blocks to erase 
or spaces with latent images that are developed. Informa- 
tion is provided that may be the findings of a diagnostic 


study, a value for a laboratory test, or the results of a 
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therapeutic intervention or physical examination. This 
information may lead the individual to make other choices 
. inthe same set. After completion of one series of choices of 
action, the participant is given further information about 
the patient or a later time course in the illness and he 
follows this through, eventually resolving the problem, 
arriving at a correct diagnosis, or otherwise taking care of 
the clinical situation. Each course of action is classified into 
one of the following three categories: (1) the choice is 
necessary for this particular patient (scored +), (2) this 
particular choice should not be done because it either is not 
needed or may be harmful (scored —), and (8) the action is 
relatively unimportant and may or may not be done 
according to local custom or conditions (scored 0). The 
National Board of Medical Examiners has documented that 
PMPs measure some characteristics of performance that 
are quite different from that measured by the multiple- 
choice approach. Thus, the PMPs evaluate some aspects of 
clinical jadgment and management. 


WHAT SESAP IIl! DOES 


It is important to recognize what SESAP III does and 
what it probably does not do. Everyone is familiar with the 
differences between knowledge and clinical competence. 
The SESAP III does not pretend to evaluate clinical 
competence or the capabilities of a surgeon in practice. 
Knowledge of the field is only one of the necessary 
ingredients for an individual to be a competent and capable 
surgeon. So far, there is no available oral or written 
examination that clearly evaluates competency in surgery. 
There are many characteristics that enter into that. These 
include attitude, judgment, technique, persistence, hones- 
ty, humaneness, determination, and perhaps many others. 
Such matters can be measured only by observation and by 
the results of the care provided. Ultimately, continuing 
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self-education is a personal and individual matter for each 
surgeon to carry out on a day-by-day basis during the 
conduct of his practice during rounds, staff meetings, 
reading, and attendance at meetings. The SESAP III 
provides a reasonable method for the surgeon to evaluate 
whether his efforts on an on-going day-by-day basis have 
been successful as compared with his peers. If such a 
program is helpful to the surgeon in practice, then SESAP 
III becomes a valid instrument, not in attempting to 
evaluate or measure clinical competence, but in measuring 
what it is intended to measure. It is intended to measure 
the individual's performance as compared with his peers 
and as compared with present knowledge as determined by 
a team of experts and to help him further his learning 
experience. 

Finally, the reader certainly recognizes by now that I am 
familiar with the SESAP programs. I have had the privi- 
lege of serving under two previous chairmen of the 
Committee on Continuing Education of the ACS for 
SESAP I and II, Drs James V. Maloney and William S. 
Blakemore, and of serving as chairman of this Committee 
for the development of SESAP III. I, thus, have a bias for 
SESAP. My bias is actually a bias for sound surgical 
education, capable surgeons, and patients that do well 
when they require an operation. If you and your patients 
benefit from SESAP III, the bias will have been appro- 
priately directed. 

ARTHUR E. BAUE, MD 
New Haven, Conn 


The College and those using SESAP III owe a great debt of gratitude to 
the surgeons serving on the multiple-choice and PMP committees and on the 
Committee for Continuing Education, and to the staff of the College. The 
entire program was developed within ACS headquarters under the experi- 
enced direction of Dr Harold Zintel, ACS assistant director, with the superb 
assistance of Dr Jack Pickleman, SESAP III coordinator, Mrs Susan Bowey, 
SESAP administrative assistant, Mr Heinz Kuehn, editor, and Mrs Marilyn 
Lux, associate editor, and their colleagues. 
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for the treatment of acute postoperative and postpartum non- oe or 
obstructive (functiona ) urinary retention and for neurogenic atony 





of the urinary bladder with retention 
e helps initiate micturition and empty the bladder 
e often makes bladder catheterization unnecessary 
e available in injectaole and oral forms 


URECHOLINE (Betharechol Chloride, MSD) should not be used 
when the strength or integrity of the gastrointestinal or bladder 
wall is in question, or in the presence of mechanical obstruction. 


Contraindications: Hypersensitivity to Tablets URECHOLINE (Bethanechol 
Chloride, MSD) or to anycomponent of Injection URECHOLINE; hyperthyroidism, 
pregnancy, deptic ulcer, latent or active bronchial asthma, pronounced bradycardia | 
or hypotens:on, vasomotor instability, coronary artery disease, epilepsy, and parkin- 
sonism. Sheuld not be emp oyed when the strength or integrity of the gastro- 
intestinal or bladcer wall is in question, or in the presence of mechanical obstruc- 
tion; when increased muscular activity of the gastrointestinal tract or urinary blad- 
der might p-ove harmful, as following recent urinary bladder surgery, gastro- 
intestinal resection and anastomosis, or when there is possible gastrointestinal ob- 
struction; ir bladder neck obstruction, spastic gastrointestinal disturbances, acute 
inflammatory lesions of the gastrointestinal tract, or peritonitis; or in marked vago- 
tonia. | 


Warnings: “he sterile saluton is for subcutaneous use only. It should never be 
given intramuscularly or intravenously. Violent symptoms of cholinergic overstimu- 
lation, suc as circulatory collapse, fall in blood pressure, abdominal cramps, 
bloody diarrhea, shock, or sudden cardiac arrest are likely to occur if the drug is 
given by either of these routes. Although rare, these same symptoms have occurred 
after subcutaneous injection, and may occur in cases of hypersensitivity or 
overdosage. | 

Precautions: Special care s required in patients receiving ganglion blocking 
compounds because a critical fall in blood pressure may occur; usually, severe ab- 
domina! symptoms appear Defore there is such a fall in blood pressure. In urinary 
retention, i the sohincter fails to relax as the drug contracts the bladder, urine may 
be forced up the ureter intc the kidney pelvis; if there is bacteriuria, this may cause 
reflux infection. 

Adverse Reactions: Abdominal discomfort, salivation, flushing of the skin (“hot 
feeling”), sweating. Large doses more commonly result in effects of para- 
sympathetic stimulation, such as malaise, headache, sensation of heat about the 
face, flushing, colicky pain, diarrhea, nausea and belching, abdominal cramps, 
borborygmi, asthmatic attacks, and fall in blood pressure. 


Atropine isa specific antiaote. A syringe containing a dose, for adults, of 0.6 mg 
(1/100 grain) of atropine sulfate should always be available to treat symptoms of 
toxicity. Use proportionately smaller amounts for children. Subcutaneous injection 
is preferrec except in emergencies when the intravenous route may be employed. 
How Supplied: Tablets, containing 5 mg, 10 mg, or 25 mg bethanecho! chloride 
each, in battles of 100 and single-unit packages of 100; Injection, containing per 

m! 5 mg bethanechol chloride and Water for Injection q.s., in 1-ml vials. 

For more detailed informa-ion, consult your MSD representative or see full MSD 
prescribing information. Merck Sharp & Dohme, Division of Merck & Co., 

INC., West Point, Pa. 19485 J6URO!R2t422) M 
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In the management 


-of nonobstructive 


urinary retention, 


the advantages of the 
catheter must be 
weighed against its 
potential dangers. 


Catheterization to correct acute 
urinary retention is often manda- 
tory. However, in other situations 
its benefits should be weighed 
against the trauma and discomfort 
it'can cause and the fact that 
infection following a single 


. catheterization is a possibility. 


Moreover, the incidence rises 
dramatically after an indwelling 
catheter has been in place for 96 
hours, even with a closed sterile 
system. 

Incidence of Infection 

Following Catheterization 
Single Catheterization 
196 to 296 


Indwelling Catheterization 
approaching 3096 to 5096 
at 96 hours 


Injection URECHOLINE (Bethane- 
chol Chloride, MSD) is for 
subcutaneous use only. If it is given 
intramuscularly or intravenously, 
violent symptoms of cholinergic 
overstimulation, such as circula- 
tory collapse, fall in blood pressure, 
abdominal cramps, bloody diar- 
rhea, shock, or sudden cardiac 
arrest are likely to occur. 


Although rare, these symptoms 
have occurred after subcutaneous 
injection and may occur in cases 
of hypersensitivity or overdosage. 


Atropine is a specific antidote. 

A syringe containing a dose, for 
adults, of 0.6 mg (1/100 grain) 
atropine sulfate should always be 
available to treat symptoms of 
toxicity. Use proportionately 
smaller amounts for children. 
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Papers Presented at the Annual Meeting of the Southern California 
Chapter of the American College of Surgeons, 


Newport Beach, Calif, Jan 19, 1979 


A Clinical Entity 


Leon Morgenstern, MD; Robert Weiner, MD; Stephen L. Michel, MD 


€ A form of severe diverticulitis exists that is characterized by 
(1) phlegmonous inflammation of the sigmoid and rectosigmoid 
colon, often extending below the peritoneal reflection, (2) 
frequent fistulization to skin, urinary bladder, and small intestine, 
(3) frequent colonic obstruction, and (4) high postoperative 
morbidity and mortality. The clinical similarity to granulomatous 
colitis is very apparent, but pathologic findings are consistent 
with severe diverticulitis rather than granulomatous colitis. The 
term "malignant" diverticulitis is suggested because of the 
progressive nature of the disease process and the frequency of 
severe morbidity associated with it. Seventeen patients have 
been studied since 1965, comprising approximately 7% of 
patients operated on for diverticular disease at Cedars-Sinai 
Medical Center. | : 

(Arch Surg 114:1112-1116, 1979) 


M pect diverticulitis is a variant form of severe 
diverticulitis of the sigmoid colon that bears a 
strong resemblance to granulomatous colitis in its radio- 
logic and clinical manifestations. Because the disease 
process behaves differently in its progression and severity 
than ordinary diverticulitis, we believe it constitutes a 
distinct clinical entity with different therapeutic implica- 
tions. 

The basic features of this form of diverticulitis are 
extensive intramural inflammation, often extending below 
the peritoneal reflection, and a great tendency to fistulize 
into adjacent structures or viscera. Concomitant features 
occurring with a high degree of frequency are perforation 
and obstruction. The disease is often relentless in its 
progression, despite treatment with antibiotics, diverting 
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‘Malignant’ Diverticulitis 


colostomy, and other adjunctive therapeutic measures. 

In spite of the strong similarity in clinical behavior and 
radiologic findings to granulomatous disease of the colon, 
the pathologic findings are those of diverticulitis. Over a 
14-year period, from 1965 to 1978, we have studied 17 
patients with this variant form of diverticulitis. The 
purpose of this report is to describe the salient features of 
this clinical entity and to propose principles of proper 
therapy in its management. 


SUBJECTS AND METHODS 


Of the 250 patients operated on for diverticular disease at the 
Cedars-Sinai Medical Center during the 14-year period from 1965 
to 1978, 17 were selected as meeting criteria for the diagnosis of 
malignant diverticulitis. These criteria included gross pathologic 
or radiologic findings of intramural inflammation extending 
below the peritoneal reflection; colocutaneous, colocolic, coloenter- 
ic, or colovesical fistula; and intramural sinus formation. The 
clinical courses of these patients were characterized by high 
incidences of severe acute and chronic sepsis, perforation, abscess 
formation, and obstruction. Following operation of any type, 
morbidity and mortality were strikingly high in this group of 
patients. 

Pertinent clinical features are summarized in Table 1. The 
virulence of the process and the reflection thereof in the morbidity 
and mortality statistics is given in Table 2. The postoperative 
mortality due to the disease in these patients was 18%. The 
postoperative morbidity was 76%. 

Although the average age was 78, almost one third of the group 
were in their 80s or older. In this latter group in particular, the 
disease process pursued a relentless course of chronic sepsis, 
recurrent fistulization, and eventual death due to one or more 
complications of the disease. 

Table 3 lists the types of operations performed. Notable in the 
postoperative complications were septic complications in eight 
patients and anastomotic leaks in six patients. The patient who 
underwent abdominoperineal resection had such extensive fistuli- 
zation to the perineum and perianal areas that preservation of the 
rectum was not feasible. 

Three deaths occurred within 30 days after the operative 
procedure and were due to either a postoperative complication 
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Table 1.—Clinical Data in 17 Patients With Malignant Diverticulitis 

















Clinical Features and Occurrence* 


Inflammation 
Extending 

Patient/ Below Peritoneal 

Age, yr Obstruction Perforation Fistula Reflection Operations Outcome 
+ Colovaginal + Colostomy Anastomotic leak; recovery 
Resection (3-stage) 
+ Colostomy Recovery after prolonged 
Resection (3 stage) course 

Colostomy Anastomotic leak; recurrent fis- 





























Colovaginal 








Coloenteric 


















Resection (2-stage) tulae 

+ Colostomy : Recovery after prolonged 
Resection (3-stage) course 

+ . Colostomy Anastomotic leak; recovery 
Resection (3-stage) 
Colostomy Overwhelming sepsis, anasto- 
Resection (1-stage) motic disruption; death 16 







days postoperative 
Transverse colostomy Paracolostomy hernia; death 
only from natural causes 
+ Colostomy Anastomotic leak; recovery af- 
Resection (3-stage) ter prolonged course 
Abdominoperineal Wound infection 
resection 
+ Colostomy Recurrent fistulae; death due 
Resection coloenteric to sepsis, amyloid disease 
fistula 
Colovaginal, Colostomy Wound infection, dehiscence, 
enterovaginal Resection enterovagi- enterocutaneous fistula; un- 
nal fistula . available for follow-up 
Colostomy Anastomotic leak, colovaginal 




























Colocutaneous, 
colojejunal 



























Tubocolic 



































Resection (3-stage) fistula; prolonged course 
Colovesical * Transverse colostomy Sepsis; death 25 days postop- 
only erative 
Colovesical + Colostomy Wound infection, anastomotic 
Resection (3-stage) leak, evisceration; eventual 
recovery 
15/92 Coloenteric + Colostomy only Coloenteric fistula; death due 
to sepsis 
16/86 + + Colovesical + Colostomy Colovesical fistula despite co- 
Resection pending lostomy 
17/71 + + Colovesical + Colostomy Recovery after prolonged 
Resection (3-stage) course 


*Presence of clinical feature denoted by plus sign, absence by zero. 


(patient 6) or unrelieved:sepsis (patients 13 and 15). One late deat? generally undertaken for some major complication of 
secondary to:chronie sepsis and severe amyloid disease (patient 10) diverticular disease such as obstruction, perforation, or 
occurred eight years afzer the initial operation for a coleenteric ^ fstulization. In no patient in this series was bleeding an 
fistula. COMMENT indication for operation. At operation, the sigmoid and 
OMME rectosigmoid are characteristically seen to be involved in a 

We have charaeterized the type of diverticulitis we are — phlegmonous inflammation that has a tendency to involve 
describing in this resort as malignant because of its all pelvic structures and to extend below the peritoneal 
inexorable progression, its extent and severity, and the reflection. Tissue planes are obliterated, and resection 
prohibitive ineidence-of potentially lethal preoperative and ^ beyond the area of disease or induration is impossible 
postoperative complications. The term "malignant" isused ^ during the first exploration. Although resection of the 
in the same sense as it is used in the terms "malignant diseased segment with end sigmoidal colostomy and distal 
hypertension," "maligaant hyperpyrexia," or "malignant mucous fistula might seem desirable, such a resection is 
exophthalmos." It neither implies neoplasia nor does it precluded by the extent of the inflammation. In the one 


imply inevitable mortality; rather, it distinguishes a differ- instance in this series where such a resection was 
ent and dangerous variant in the broad spectrum of attempted, but with primary anastomosis and complimen- 
divertieular disease. tary colostomy, there was disruption of the anastomosis, 


Clinically the disease is seen more frequently in the older ^ severe pelvic sepsis, multiple organ system failure, and 
age groups, with a significant proportion of patients in the death (patient 6). 
seventh. eighth, and ainth decades of life. Operation is Despite fecal diversion by colostomy, the process either 
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regresses very slowly or continues to progress with further 
fistulization and chronic sepsis. Unless the advanced age 
and precarious medical condition of the patient preclude 
further surgery, reoperation is usually undertaken after an 
interval of six to 12 months. Hopefully, by then some 
subsidence of the local inflammatory reaction has occurred, 
and a resection becomes possible. The postoperative course 
is fraught with dangerous complications, ranging from 
wound infections, anastomotic leaks, and pelvic abscesses 
to overwhelming sepsis and death. 

Certain radiologie findings should alert the surgeon that 
he is possibly dealing with this type of diverticulitis. In 
addition to the usual radiologic features of diverticulitis, 
such as spiculization of the colonic contour, edema, spasm, 


Table 2.—Extent of Disease, Morbidity, and Mortality 


Incidence 
(N = 17) 









Anastomotic leakage 
Septic complications 8 47 
Postoperative mortality 







Table 3.—Types of Operations 


Operation No. % 


Colostomy only 


Abdominoperineal resection 
Total 





localized perforation, and fistula formation, two additiona 
features are frequently present. These are long intramura 
sinus tracts (Fig 1) and radiologic demonstration of intra 
mural disease low in the rectosigmoid or in the rectum. The 
demonstration of a new or different fistula in spite of a 
diverting colostomy is also suggestive of this form of 
diverticulitis (Fig 2). Wolf et al' have provided zn excellent 
resume of the roentgenologic findings in diverticulitis, 
including the variety described in this report. Long intra- 
mural tracts were at one time thought to be irdicative of 
granulomatous colitis, but their occurrence in diverticular 
disease has been well described.’ 

Taken singly, none of the pathologie findings in malig- 
nant diverticulitis are specific or diagnostic. In all resected 
specimens in this series, there was severe, extensive, 
intramural inflammation. Acute and chronic inflammatory 
changes were frequently seen in sections of the distal 
resected margin, a finding that may be of importance in 
the etiology of anastomotic leakage seen after resections 
for diverticulitis. While extensive fistula formation and 





Fig 1.—Intramural longitudinal sinus tracts in sigmoid colon 
(patient 15). 
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Fig 2.—Left, Sigmoid diverticulitis, with obstruction, in 86-year-old woman. Note intramural sinus tracts. Transverse 


colostomy was performed (patient 17). Right, Sigmoidovesical fistula demonstrated four months after colostomy. 
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intramural or jaxtacol:e sinus tract formation (Fig 3, left) 
strongly suggested granulomatous disease, the absence of 
mucosa! involvement (Fig 3, right) in all cases in this series 
ruled out the diagnosis of Crohn's disease, nor were the 
findings in any way sugzestive of concomitant granuloma- 
tous disease and diverticular disease, as described by some 
authors. * 

The presence of granulomata is not pathognomonic for 
granulomatous colitis, since granulomata may also be 
found in association with severe intramural colonic infec- 
tion. Granulomatous akscesses were encountered in some 
of the resected specimens in this series. Perineural granu- 
lomas (Fig 4, left) and granulomatous lymphangitis (Fig 4, 
right) were also seen w.th some frequency. Thus, although 
the appearance of single microscopic sections may simulate 
the lesions of granulomatous colitis, the gross appearance 
of the mucosa in this disease leaves no doubt that we are 
dealing with civertieul tis rather than Crohn’s disease. 

In occasional specimens a striking histiocytic response 
was seen, another finding that may be of etiologic impor- 
tance both in the tendency toward fistula formation and 
anastomotic disruption. The enzyme-rich microsomal 
elements of histiocytes may play a role in altered wound 
healing and the spread ng of an inflammatory process. The 
high collagenase conteat of inflamed colonie tissue and its 














Fig 3.—Left, Gross phctograph of intramu- 
ral sinus tract in colonic segment with 
chronic diverticulitis “patient 12). Right, 
Mucosal surface of resected segment. 
Note absence of muccsal changes seen in 
granulomatous colitis. 
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Fig 4.—Left, Per 
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ineural granuloma (hematoxylin-eosin, x 168). Right, Lymphangitis 


role in intestinal wound healing has been the subject of a 
number of previous studies." 

The surgical management of complicated diverticular 
disease is still controversial; accordingly, a variety of 
procedures, ranging from primary resection with anasto- 
mosis to three-stage resection, have been recommended." 
We believe that primary resection and anastomosis in the 
type of divertieulitis we are describing is strictly contrain- 
dicated. Nor is resection of the diseased segment possible 
in the majority of instances, although this approach, with 
delayed anastomosis, is gaining favor as a method of 
managing perforating diverticulitis." We have no quar- 
rel with this policy except to state that in this variant of 
diverticulitis, resection may not only be dangerous but 
lethal. | 

From our study of the cases in this series, we believe that 
the most favorable results have been achieved with the 
following operative plan. In the presence of extensive 
pelvie inflammation, distal intramural inflammation, and 
extensive fistulization, we believe the three-stage resec- 
tion is still the safest approach. Following initial control of 
sepsis with appropriate broad spectrum antibiotics, a 
preliminary transverse colostomy is recommended. In the 
majority of instances, this will result in some subsidence of 
the inflammation within three to six months, or in some 
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with granuloma formation. Granulomata are nonspecific. Mucosal disease was 
absent in both instances (hematoxylin-eosin, x 68). 
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instances up to one year. Heroic extirpative surgery is 


. seldom possible and rarely indicated. After the prescribed 


waiting period with colostomy, resection of the involved 
segment of sigmoid and rectosigmoid usually becomes 
possible. This generally involves low anterior resection 
with end-to-end anastomosis, leaving the colostomy to be 
closed at a third stage. This was a feasible approach in ten 
of the 17 cases described here. When resection is clearly 
impossible, especially in the octogenarian age group, it 
may be necessary to accept the colostomy as the only 
definitive treatment. This was necessary in four instances. 
Finally, the extent of the disease may require abdomino- 
perineal resection if the condition of the patient permits, 
as was necessary in one patient in this series. 
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The final stage, colostomy closure, should be performed 
only after radiologic proof of satisfactory healing of the 
anastemosis has been obtained. We recommend at least a 
three-month waiting period before colostomy closure to 
ensure satisfactory anastomotic healing and nutritional 
repletion in these debilitated patients. 

This conservative staged approach will undoubtedly be 
challenged by proponents of the more aggressive surgical 
approach to diverticular disease, which brings us precisely 
to the point we wish to emphasize, namely, that this 
subgroup of the diverticular disorders has unique clinical 
and pathologic features. As such, it requires an approach 
that, albeit conservative and “old-fashioned,” is still safest 
and most likely to achieve a favorable outcome. 
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Invited Editorial Comment 


The contribution of Morgenstern and associates is a timely one 
because of the current enthusiasm for aggressive surgical 
management of acute diverticulitis of the distal colon. Inflamma- 
tion in diverticula manifests in a wide spectrum of forms. Nearly 
40 years ago, Smithwick demonstrated that well-localized disease 
of the midsigmoid could be managed more safely by primary 
resection and anastomosis than by performing multiple proce- 
dures. Morgenstern and co-workers alert us to the forbidding 
morbidity and mortality when the disease at the other end of the 
spectrum; manifesting with bowel wall edema below the peritone- 
al reflection, is treated in this aggressive fashion. Although the 
differential diagnosis of this virulent form of diverticulitis as 
distinet from granulomatous colitis is sometimes difficult to make, 
as "tracking" and granulomas may be present in both diseases, the 
authors rightly emphasize the absence of mucosal involvement and 
the mucosal mobility in their cases of diverticulitis. 

The term “malignant diverticulitis” seems inappropriate, 
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however. and it would be unfortunate to allow this to become 
established in the literature. Unlike functional malignancies, 
diverticulitis is an organic state or process. It would be of interest 
to know the sigmoidoscopic findings in these cases, and why 
diverticulitis occasionally assumes this phlegmonous form at the 
far end ef the spectrum. What was the nutritional status and the 
level of energy in these elderly people? No mention is made of 
cultures, and one wonders whether the process in the bowel wall is 
virulent »ecause of the presence of particularly treacherous Gram- 
negative anaerobes, such as the Bacteroides organisms. Finally, 
drains must have been placed, and their positioning would have 
been of interest. 

The authors have performed a service in reminding surgeons of 
an unusual fulminant variant of diverticulitis that, if managed 
definitively on first encounter, results in disaster. 

GORDON A. DONALDSON, MD 
Boston 
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Congenital Diaphragmatie Hernias 


Eleven Years' Experience 


Henry G. Mishalany, MD; Konsouke Nakada, MD; Morton M. Woolley, MD 


eè Fifty-five patients with congenital diaphragmatic hernias 
(1966 to 1976) were studied and compared to 65 similar patients 
reported previously (1953 to 1963). The mortality was found to be 
the same in the two groups despite the fact that in the current 
series, patients were diagnosed and operated on at a younger 
age. Initial uncorrected pH value was found to be of prognostic 
importance. All babies whose initial uncorrected pH was greater 
than 7.0 survived and almost all those whose pH was less than 
7.0 died, with the group in-between having a 50% chance of 
survival. Earlier operation and correction of acidosis did not 
substantially improve the chance of survival. Hypoplasia of the 
lungs and major cardiovascular anomalies contributed to death 
in a number of patients. Pulmonary hypertension causing a 
right-to-left shunt was responsible for the deaths of others and, 
therefore, the use of vasodilator drugs deserves further evalua- 
tion. 

(Arch Surg 114:1118-1123, 1979) 


Ce diaphragmatic hernia allows displacement of 

the abdominal viscera into the thoracic cavity. 
Visceral compression of the lung and mediastinal shift 
cause hypoxia and severe acidosis. The ipsilateral lung, and 
to a lesser degree the contralateral lung, exhibits a varying 
degree of hypoplasia. Acidosis worsened in some patients 
who had pulmonary arterial hypertension, resulting in a 
right-to-left shunt in the atria and patent ductus arterio- 
sus.'* It is not surprising, therefore, that the mortality 
from this disease has been variously reported as being 
from 30% to 50% and more.*-* Thirty percent of all patients 
with this condition treated at Childrens Hospital of Los 
Angeles from 1953 to 1963 died.’ During the next decade, 
the diagnosis was made earlier, transportation was faster, 
and treatment of respiratory and metabolic acidosis was 
more vigorous. Patients were operated on at a younger 
age. The current study reviewed the experience of the 
same institution over the years 1966 to 1976 inclusive and 
examined the effect of these various modalities of manage- 
ment on the mortality reported previously (30%). 


INCIDENCE 


The incidence of the various types of diaphragmatic 
hernias encountered (excluding hiatal) is given in Table T 








Accepted for publication June 7, 1979. 

From the Department of Surgery, Childrens Hospital of Los Angeles (Drs 
Mishalany and Woolley), and St Marianna University, Kawasaki, Japan (Dr 
Nakada). 

Reprint requests to Childrens Hospital of Los Angeles, 4650 Sunset Blvd, 
Los Angeles, CA 90027 (Dr Mishalany). 


1118 Arch Surg—Vol 114, Oct 1979 


and shows a decrease as compared to the 1953 to 1963 
study. This may be due to a number of factors, one of which 
is the dilution of the case load due to the increasing number 
of pediatrie centers in Los Angeles. All cases of eventra- 
tion were classified with those of Bochdalek's hernia, as in 
some cases it was very difficult to differentiate between 
these two even at autopsy. 


SYMPTOMATOLOGY 


Three times more patients aged 0 to 5 hours were 
admitted to the hospital as compared to the 1953 to 1963 
study (Table 2). In the present study, all 48 patients 
younger than 1 month were dyspneic on admission. In 33 
patients, dyspnea was noted shortly after birth. Respira- 
tion was assisted preoperatively in 15 (ages one half to 16 
hours). Six babies were intubated during transportation to 
the hospital, as compared to none for the same age group in 
the 1953 to 1963 study. Thirty patients were cyanotic on 
admission (ages ranged from newborn to 9 months old). 
Oxygen in concentrations of 60% to 100% was administered 
to 24 preoperatively. Vomiting was noted in seven 
patients, one was 34 hours old and the rest were 2 to 10 
years old. There was a history of upper respiratory infec- 
tion in four patients of the older age group (2 months to 10 
years old). 


PHYSICAL FINDINGS 


Eight patients in the present series were premature by 
weight (— 2.5 kg). Six of these died. By contrast, only eight 
of 41 full-term patients died postoperatively. Breath 
sounds were decreased or absent on the affected side and 
the heart sounds were shifted to the side opposite the 
affected chest in most instances. The abdomen was 
scaphoid in 20 instances, normal in 26, distended in one, 
and was not described in eight. 

The general status of the patients on admission is as 
follows: of those in a "desperate condition" or suffering 
from "shock plus respiratory distress," 12 were seen in the 
period 1953 to 1963 and 19 in the period 1966 to 1976. 

Despite helicopter assistance in transport, oxygen 
administration to almost all newborns, intubation in six 
patients, and nasogastric suction, 19 infants in the present 
series were in a state of distress or shock on arrival at the 
hospital. It was gratifying to note that no infant received 
mask ventilation during transportation or had an initial 
pneumothorax on admission. These methods of preopera- 
tive assistance were not available at large to the 1953 to 
1963 group of newborns. 
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Table 1.—Comparative Incidence 


1953-1963 1966-1976 


Bochdalek's hernias operated on at 

age — 72 hr 34 35 
Bochda!ek's hernias operated on at 

age > 72 hr 24 13 


Bochdalek's hernias not operated on 6 4 
Morgagni's hernias 1 3 
Total 65 55 


The hernia was locazed in the right diaphragm in the 
1966 to 1976 series twiee as many times as in the 1953 to 
1963 series (Tzble 3). Tie associated findings noted before 
and during operation are as follows: malrotation, 39; bowel 
. perforation, two; cardiac, two; cryptorchidism, two; ingui- 
nal hernia, two; esophageal atresia and tracheoesophageal 
fistula, one; sequestrazion of lung, one; branchial cleft, one; 
segmented liver, one. 

Definite malrotatier was encountered in 69% of all 
patients in the present study and was mentioned to occur 
in "many" patients of -he 1953 to 1963 series. By compari- 
son, the incidence of malrotation was reported as 30% by 
Kiesewetter et al: anc Allen and Thomson’ and 16% by 
Livaditis and Nordstrand.’ 

Volvulus due to malrotation and subsequent gangrene of 
the bowel was encourt2red in two instances. The first was 
in a newborn and the second in a 6-month-old child who had 
a delayed manifestation of congenital diaphragmatic 
hernia.'^ 












DIAGNOSIS 


Chest roentgenograms were the mainstay of the diagno- 
sis in 52 patients. A barium enema or an upper gastroin- 
testinal (GI) series was performed in 11 additional 
patients, a liver scan ir two, and an intravenous pyelogram 
in one. Pneumoperitcneum was evident on plain roentgen- 
ogram in two patients 


ACIE-BASE BALANCE 


The preoperative blood gas values of babies aged 0 to 72 
hours were studiec in relation to ultimate survival 
(Fig 1). 

Group A: All patients whose pH on admission was 7.2 and 
greater survived, whe-her or not an attempt at correcting 
their blood gas values to optimal was made (100% surviv- 
al). 

Group B: Those babies whose pH on admission ranged 
between 7.0 and 7.2, relusive, had a 50% chance of survival 
whether or not an st:empt at correcting their blood gas 
values was made. Six patients in this group had their blood 
gas values corrected; two lived and four died. Four patients 
in the same group were operated on without the benefit of 
blood gas value correction; three lived, and one died. 

Group C: Only one o? nine patients who had on admission 
a pH of less than 7.0 ultimately lived (11% survival). 
Attempts at correcting the severe acidosis with the help of 
sodium bicarbonate »efore and/or after the operation was 
not possible in seven babies, all of whom died, but was 
successfully achieved in two, one of whom survived. 
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No. of Patients 


Table 2.—Age at Admission to Hospital 
————Ó77000NS 


Age 1953-1963 1966-1976 


60 hr-1 mo 
2-10 mo 


12 8 













Table 3.—Side Affected 
1953-1963* 1966-1976 
ee n a A aeaa 
Left Right Left Right 
Bochdalek's 
hernias 52 (80%)  11(1796) 36 (6776) 16 (3396) 


Morgagni's her- 
nias 1 0 1 2 


*One case bilateral. 


Similar observations have been made regarding the 
prognostic importance of the pH level.’ Others observed no 
apparent improvement in survival following correction of 
acidosis with sodium bicarbonate and tris(hydroxymeth- 
yl)aminomethane (THAM).° 

The relation of Pco, to Po, in our patients showed the 
acidosis to be mainly respiratory in origin. With one single 


exception, all of our patients who had a Poo, greater than - 


60 mm Hg died (Fig 2). Dibbins and Wiener? observed that 
all patients in their group whose Pco, was greater than 60 
mm Hg died. 

In 1977, 1978, and 1979, we have used vasodilators 
(tolazoline hydrochloride) and muscle relaxants (pancuron- 
ium bromide) to decrease pulmonary hypertension causing 
right-to-left shunting and worsening of the acidosis.*^ 
These drugs have been helpful in reversing the shunt in 
some patients. Similar observations have been made by 
others. The American Academy of Pediatrics, Surgical 
Section, is presently conducting a nationwide prospective 
study to evaluate the effects of vasodilators and muscle 
relaxants on oxygenation and acidosis. 


EARLY OPERATIONS 


Mortality in the 1966 to 1976 series as related to lapse of 
time since admission to the hospital (irrespective of age) is 
detailed in Table 4 and Fig 3. No such data is available in 
the 1953 to 1963 series for comparison. 

There was an 80% mortality among the ten patients who 
were operated on within one-half hour of arrival to the 
hospital. Five out of these had severe cardiac malforma- 
tions at time of autopsy, some incompatible with life, such 
as hypoplastie left heart and stenosis of all pulmonary 
veins. 

By contrast, those patients whose conditions were not as 
critical on admission or which responded better to preoper- 
ative resuscitation were operated on in less of a rush. Their 


x mortality showed a definite decrease by comparison. 


I 
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Fig 1.—Preoperative abnormal pH values, uncorrected, as corre- 
lated to survival. 


Mortality as related to age at time of operation is 
detailed in Fig 4 and Table 5. In the present series, 15 
patients were operated on aged 0 to 5 hours as compared to 
four in the 1953 to 1963 series. However, mortality was the 
same in the two groups (75%). The mortality remains 
comparable in the two series up to the age of 12 hours. 
Babies operated on between 13 and 58 hours of age had a 
two to three times greater chance of survival in the 1966 to 
1976 series. 


OPERATIVE REPAIR 


The surgical repair was carried out transabdominally in 
48 cases, transthoracically in two, and through a thoracoab- 
dominal route in one case. Four cases were not operated 
on. 

The most common abdominal incisions used were the 
subcostal (17), paramedian (15), and upper transverse 
abdominal (eight). 

A hernial sac was noted in 24 patients and was absent in 
18 patients. In nine patients, the status of the sac was not 
clearly described. The contents of the hernias are as 
follows: small bowel, 39 cases; large bowel, 31: stomach, 21; 
spleen, 19; liver, 18; kidney, one; omentum, one; and, 
pancreas, one. 

Malrotation of the bowel was noted to be present and 
was corrected in 39 patients. Thirteen operative records 
either denied the presence of or did not mention this 


anomaly. 
A gastrostomy was performed in 25 patients and the 
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GROUP B i. 
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GROUP C 


150 &. pH < 7.0 PO. 
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RELATION OF PCO TO PO, 


Fig 2.—Begree of respiratory acidosis in groups A, B, and C. In 
group A, PCO, was consistently below 50 mm Hg and Po, between 
30 mm 4g and 120 mm Hg, whereas in group C. Pco, was 
consistently above 60 mm Hg and Po, never above 45 mm Hg. 
Blood ges values in group B showed scatter between values of A 
and C. 





Table 4.—Mortality in Relation to Time of Admission 
to Hospital (1966-1976) 






Operating Time Since 
Admission to Hospital Died Survived Mcrtality (96) 


0-30 min 8 2 80 
38 min-1 hr 3 4 43 
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NUMBER OF PATIENTS 


Fig 3.—Operations performed soon after admission were 
performed on sicker babies and carried high mortality. Outlook 
for survival improved witn patients operated on later. 


Table 5.—Mortality in Relation to Age at Operation, 96 
^ Age, hr 
OO OO ee 





6-12 13-24 25-58 
12.5 20 
44.4 55.5 





0-5 
1956-7976 73 
75 


40 
1953-1963 50 





records are not clear m two instances. The use of gastros- 
tomy was equivoeal in lowering the incidence of pulmonary 
complications as 11 cut of 25 patients had a pulmonary 
infection whereas 13 did not. On the other hand, out of 23 
patients whe dic have a gastrostomy, eight had a pulmo- 
nary infection and 15 did not. It would seem, therefore, 
that gastrostomy is net as critical as nursing care and may 
probably be needed less frequently in the future. 

The abdomen was closed in 35 patients primarily. 
Sixteen had a ventra. hernia created either by raising of 
abdominal skin fiaps cr by using chimney prostheses. In six 
of the latter, postoperative mechanical pulmonary compli- 
cations developed, whereas seven had infectious pulmonary 
complications. By comparison, ten out of 35 patients closed 
primarily had mecharical and 11 had infectious pulmonary 
complications. 

At termination of the operation, it was noted that the 
ipsilateral lung was moderately well inflated in 26 
instances, partially irflated in six cases, and not inflated to 
very poorly inflated n 16. Records are not clear in three 
cases. 

A chest tube was used to drain the ipsilateral pleural 
space in all but five cases (three of which were Morgagni’s 
hernias). Bilateral pleural drainage was used in one 
instanee. 

At termination of the operation, the heart returned to its 
normal posizion in 14 instances, assumed a midline position 
in another 15, and d d not change position appreciably in 
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Fig 4.—Operating time after birth. Overall experience of newborns 
operated on between 0 and 70 hours shows essentially same 
mortality in both studies. Four times more babies were operated 
on aged 0 to 5 hours in the present series as compared to one of 
1953 to 1963, with no improvement in survival. 


12. The records are not specific in ten cases. 

The endotracheal tube was removed after termination of 
the operation in 13 instances and remained for variable 
number of hours to days in 38. Thirty-eight babies were 
transferred to the intensive care unit postoperatively for 
periods ranging from one to 20 days; two patients 
remained there for four months, with one surviving. 


POSTOPERATIVE COMPLICATIONS 


Pulmonary complications were encountered in 58% of the 
operated cases and contributed to the death of patients 
with severe hypoplasia of the lungs. Pneumothorax of 
appreciable amount developed postoperatively in the 
contralateral chest in five patients, and in the ipsilateral 
side in ten. Atelectasis was noted in seven patients. 

There were 25 patients with pulmonary inflammation 
and/or infection, such as infiltrates, pneumonie lung 
abscess, or pleural effusion. In one patient, peritonitis 
developed, and enterocolitis developed in seven. 

There were 12 instances of severe respiratory and/or 
metabolic acidosis. Sclerema neonatorum and anuria devel- 
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Fig 5.—Degree of maturity of lungs at time of autopsy. Patients with severe pulmonary 
hypoplasia survived, with one exception, between one and two days, as compared with 
those who had moderate to slight hypoplasia and who survived longer (five to ten 


days). 


oped in one patient, who subsequently died. 

Severe serum electrolyte imbalance was noted in one 
patient, and severe vomiting in one. Antibioties were 
administered to 35 patients; a wound infection developed 
in one and omphalitis in another, from which they both 
recovered. Eleven patients received antibiotics for pneu- 
monia and lived, whereas another four died. Two patients 
who had lung infiltrates and pneumonia did not receive 
antibioties and survived. 


OVERALL MORTALITY 


Of 55 patients suffering from congenital diaphragmatic 
hernia studied in this series (excluding hiatus hernias), 
four were not operated on. Thirty-six patients survived the 
operative repair and were discharged from the hospital 
living and well, resulting in an overall mortality of 29%. 
The mortality is about the same as the one reported from 
the 1953 to 1963 series (3096). 


FOLLOW-UP 


Of 36 cases that survived the operative repair, 35 were 
followed up and one was unavailable for follow-up. Two 
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Fig 6.—Findings at time of autopsy. 
Comparative incidence at time of autopsy 
of pulmonary hypoplasia, cardiac malfor- 
mations, and CNS hemorrhage anc necro- 
sis in groups A (one patient with pH of 
7.2), B (five patients with pH of 7.0 to 
7.2), and C (eight patients with pH of 
< 7.0). Two patients had no pH determi- 
nation on admission and could not be 
grouped. 


patients subsequently died, one four months (respiratory 
failure) and the other (of unknown causes) one year after 
the operation. Five were followed up for from eight to ten 
years, seven for from five to seven years, and 23 fcr from 
one to four years. The follow-up was done by physical 
examination and roentgenograms of the chest, or by 
correspondence. One patient reported increased frequency 
of upper respiratory infections. The majority of children 
were healthy and partook in normal physical activities. 
Two patients had to be operated on for release of intestinal 
obstruction. One patient is mentally defective. 


FINDINGS AT TIME OF AUTOPSY 


Two criteria were used in evaluating pulmonary maturi- 
ty: first, the comparative weight of the right and left lungs 
as contrasted to the expected weight for age of 
newborn ''?; second, the macroscopic and the microscopic 
findings, such as the degree of alveolar and bronchial 
immaturity.'*'* Based on these criteria, one patient had 
normal lungs, four had slight-to-moderate hypoplasia, and 
twelve had severe pulmonary hypoplasia (Fig 5). One 
infant with normal lungs was not operated on due to other 
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severe congenital anomalies associated with trisomy 18 
syndrome, inclading ventricular septal defect, defective 
pulmonary valve, and right ventrieular hypertrophy. 

The cause of death in the infants with slight-to-moder- 
ate hypoplasia is as follews: shock and disseminated intra- 
vascular coagulooathy (wo), multiple abscess of the lungs 
with contralateral pneumothorax (one), severe stenosis of 
ostia of the pulmonary veins with hypoplasia of the left 
heart, and pulmonary bemorrhage in the last patient. 

In 12 patients who suffered from severe pulmonary 
hypoplasia, it was believed that the extent of this hypopla- 
sia was a major contribution to their deaths. In addition, 
95% of the patents in this group suffered from pulmonary 
inflammatory complications, and 76% from mechanical 
pulmonary pretlems, such as pneumothorax, atelectasis, 
hyaline membrene, anc emphysema. More than half of all 
the patients ir this group had severe cardiovascular anom- 
alies, such as ventricular septal defects, Fallot’s tetralogy, 
stenosis of all pulmonary veins with pericarditis, hypoplas4 
tic left heart szndrome, and patent foramen ovale asso- 
ciated with myocardial hypertrophy. It is interesting to 
note that all cases autopsied had varying degrees of patent 
ductus artericsus. 

The incidence of severe cardiovascular anomalies in the 
1966 to 1976 series is 14%. Greenwood et al? reported an 
incidence of 239; of such anomalies; Kiesewetter et al' 
listed an incidence of 15%; and Lewis and Young,’ 20%. 

In these in?ants who did not have cardiovascular anom- 
alies, there was a low incidence of other extracardiac 
anomalies, most of which were not of major import. 
Others'^ have made similar observations. 

Intraeranizl] hemorrhage (subdural, subarachnoid, and 
cerebral) was found im five of 16 autopsied cases. Acute 
cerebral congestion, ischemia, and necrosis were present in 
another four (*ig 6). 

The pathological findings encountered in the GI, endo- 
crine, and genitourimary systems are as follows: liver 
necrosis and cengestion, three; adrenal hemorrhage, three; 
multiple organ hemcrrhage, one; acute involvement of 
thymus, two; nfarction of spleen, one; volvulus of small 
bowel and per?oration, one; extensive gastroenteritis, one; 
pyelonephritis, one. 


DISCUSSION 


Early diagnosis of »ongenital diaphragmatic hernia and 
good medical support of the newborns during transporta- 
tion to specialty hespitals have enabled a number of 
severely afficted basies to receive the benefit of early 
surgical correction and intensive medical care. Unfortu- 
nately, these :herapeutie measures have not improved the 
mortality as reportec from our institution a decade earlier 
(30%). The severity of pulmonary hypoplasia and the 
serious associated cardiac anomalies account for a number 
of fatalities. It seers, however, that the physiologic and 
metabolie derangements that persist in some newborns 
despite urgent surgical and medical attention are the main 
factors thet affect survival. Pulmonary hypertension 
develops in some patients and accentuates the acidosis 
(through right-to-left shunts). The mechanism of develop- 
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ment of this hypertension and its control deserve further 
study. Almost all the patients who survive (7095) lead 
normal, healthy lives. 

Currently, we recommend the following therapeutic 
approach: (1) Awareness of the presence of congenital 
diaphragmatic hernia in newborns with respiratory 
distress. Make early diagnosis by plain roentgenogram of 
the chest. (2) Placement of nasogastric tube and frequent 
aspiration to allow better expansion of compromised lung. 
(3) In patients who need respiratory assistance, intubate 
and respirate by hand as gently as possible to prevent 
pneumothorax. (4) Notify a pediatric surgical center and 
prepare for incubator transport by the most expedient 
vehicle available. (5) Determine arterial blood gas valves 
through analysis of samples drawn from the umbilical and 
right radial arteries. (6) Attempt to correct acidosis with 
sodium bicarbonate or THAM. (7) Use vasodilator drugs in 
patients with pulmonary arterial hypertension and right- 
to-left shunt. (8) Use muscle relaxants in patients needing 
active respiratory assistance. (9) Operative correction: 
placement of abdominal viscera below the diaphragm, 
closure of diaphragmatic defect, and catheter drainage of 
ipsilateral pleural space. (10) Place patient postoperatively 
in neonatal intensive care unit. 


Nonproprietary Name and Trademark of Drug 


Paneuronium bromide—Pavulon. 
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Gastrointestinal Anomalies 
Associated With Esophageal Atresia or 
Tracheoesophageal Fistula 


Richard J. Andrassy, MD, G. Hossein Mahour, MD 


€ A retrospective analysis of 150 consecutive patients with 
esophagealatresia and/or tracheoesophageal fistula was under- 
taken. The incidence and variety of gastrointestinal (Gl) anoma- 
lies, the method of management, and the cause of death were 
critically reviewed to outline preferred methods of management. 
Of these patients. 87 were male end 63 female. There were 62 GI 
anomalies in 40 patients. The most common Gl anomalies 
included anorectal anomalies in 17 patients, malrotation of the 
midgut in 13 patients, duoderal atresia or stenosis in ten 


patients, and annular pancreas and ectopic pancreatic tissue in - 


three patients each. Six patients had the combination of 
trachecescphagea! fistula, duodenal obstruction, and anorectal 
anomaly. Of the 150 patients, 23 have died, with 15 deaths 
occurring in those with associated GI anomalies. The GI anom- 
alies contributed directly to the deaths of five of these 15 
patients. Delay in diagnosis and, on occasion, improper initial 
management resulted in increased morbidity and mortality. 
(Arch Surg 113:1125-1128, 1€79) 


ongenita. anomalies of the gastrointestinal (GI) tract 
w:th esophageal atresia and tracheoesophageal fistu- 

la have been previously reperted.'? Associated anomalies 
directly affeet the morbidity and the mortality. Survival 
rates are impreving with better surgical and medical 
therapy of the primary lesion as well as with earlier 
diagnosis and management of the associated anomalies. 
The frequen: eccurrence of these GI anomalies prompted a 
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critical review of our recent series of patients at the 
Childrens Hospital of Los Angeles, to suggest the proper 
course of management. 


MATERIALS AND METHODS 


A retrospective analysis of 150 consecutive patients with esoph- 
ageal atresia and/or tracheoesophageal fistula was undertaken 
(these patients were seen during the years 1966 to 1977). Esopha- 
geal atresia was classified into five types. The incidence of each 
type of esophageal anomaly and the incidence of associated GI 
anomalies are shown in Fig 1. There were 62 GI anomalies in 40 
patients (26.7% of the total series), as follows: 17 cases of anorectal 
anomaly, including four of low imperforate anus, seven of high 


imperforate anus, two of ectopic anus, and four of covered or 


stenotic anus; 13 cases of complete rotation of the midgut; nine 
cases of duodenal atresia; four cases each of pyloric stenosis and 
Meckel’s diverticulum; three cases of annular pancreas; three cases 
of ectopic pancreas, including two of the stomach and one of the 
jejunum; and one case each of internal hernia, duodenal stenosis, 
omphalomesenteric duct, “pyloric dysfunction,” biliary atresia and 
absent gallbladder, duplication stomach, diaphragmatic hernia, 
and omphalocele. Twenty-four patients had one anomaly, 11 had 
two anomalies, four had three anomalies, and one had four 
anomalies. Eleven patients (7.3%) had an associated aortic-arch 
anomaly, including seven with a right aortic-arch anomaly, three 
with a vascular ring anomaly, and one with a double aortic-arch 
anomaly. Twenty-three of the 150 patients (15.3%) died within six 
months postoperatively; of these, seven died of congenital heart 
disease, eight of respiratory distress syndrome and prematurity, 
five of GI anomalies (Table), and one each of dehiscence of 
anastomosis with empyema, recurrent tracheoesophageal fistula 
with aspiration, and erosion of the right aortic arch. Fifteen of the 
23 deaths occurred in patients with GI anomalies. Four of the six 
patients with combined tracheoesophageal fistula, imperforate 
anus, and duodenal obstruction survived. One death in this group 
was directly related to recurrent tracheoesophageal fistula with 
aspiration, whereas the second death was related to prematurity 
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Fig 1.—Types of esophageal atresia and associat2d gastrointestinal anomalies. 


Analysis of Deaths in Five Patients With Gastrointestinal 
Anomalies 


Anomalies Cause of Death 


Duodenal atresia, Meckel's Repair without gastrostomy as- 
diverticulum piration 


Duodenal atresia, malrotation 


Gastric and duodenal perfora- 
tion 


Malrotation Aspiration 
Duodenal atresia Peritonitis after gastric rupture 


Omphalocele malrotation Fungal sepsis 2? hyperalimenta- 


tion 


and respiratory distress syndrome. All 23 deaths were in patients 
with esophageal atresia and distal fistula only (type C) (Fig 1). 
This represented an 18.5% mortality in this type of atresia (type 
C), with an overall mortality of 15.3%. 


COMMENT 


The association of a wide variety of congenital anomalies 
with esophageal atresia and/or tracheoesophageal fistula 
has been well documented." Although GI lesions comprise 
a large portion of the associated anomalies, few reports 
have provided a detailed review of the importance and the 
management of these lesions when associated with esoph- 
ageal atresia.” In a survey of the members of the Surgical 
Section of the American Academy of Pediatries taken in 
1964, Holder and colleagues? reported a 48% incidence of 
associated anomalies in 1,058 patients reviewed. Gastroin- 
testinal anomalies occurred in 138 patients (18%), whereas 
an additional 99 patients (9.4%) had imperforate anus. If 
the 11 other patients with omphalocele, biliary atresia, 
absent gallbladder, or diaphragmatic hernia are included, a 
total of 244 (23.1%) of these patients had GI anomalies as 
defined in our review. This would compare with the 40 
patients (26.7%) in our series. Intestinal atresia, malrota- 
tion of the midgut, Meckel’s diverticula, pyloric stenosis, 
and annular pancreas were the most common GI anomalies 
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reporte 1 in the review by Holder et al. The same distribu- 
tion is apparent in the review of our patients. The overall 
mortali.y prior to 1964 as reported by the members of the 
Surgica. Section of the American Academy of Pediatries 
was 39%, whereas only 13% of those patients with intesti- 
nal atresia and 43% of those with imperforate anus 
survived.’ * Death was attributed to gastric perforation not 
related to gastrostomy in seven patients. The overall 
mortality since 1964 has improved greatly as exemplified 
by the -5.3% mortality in the present series. Im addition, 
71% of all patients with associated imperforate anus 
survivec, whereas 30% of all the patients with intestinal 
atresia survived. Early recognition and improved manage- 
ment oí imperforate anus associated with esophageal 
atresia Fas substantially improved survival rates, whereas 
delay in diagnosis has contributed to the 70% mortality 
seen wi:h intestinal atresia associated with esophageal 
atresia. Three of the five deaths in the present series, 
directly related to the associated GI anomalies, were due to 
delay in -he diagnosis of duodenal atresia. In 1970, Raffen- 
sperger' reported a ten-year review of 22 cases of esopha- 
geal atresia with or without tracheoesophageal fistula. He 
found tea patients with intestinal anomalies, and of these 
four survived. Dibbins, in discussion of this report, 
presented 35 GI anomalies in 196 patients with esophageal 
atresia. Nineteen patients had imperforate amus, with 
eight survivors. In patients with imperforate anus asso- 
ciated with esophageal atresia, both Dibbins and Raffen- 
sperger recommended early performance of gastrostomy 
and colos:omy with local anesthesia, followed by repair of 
the esoplageal anomaly after a brief delay. No attempt 
should be made to perform the perineal pull-through in the 
neonatal period, and a delay of nine to 12 months is 
preferable. Haight, in discussion of Raffensperger’s 
report,’ presented 302 cases of esophageal atresia. Seven 
patients (2.8%) had duodenal or jejunal atresia or obstrue- 
tion, whereas 23 patients (7.6%) had imperforate anus and 
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Fig 2.—!nitial management of associated gastrointestinal anoma- 
lies. 


six (2%) had hypertrephic pyloric stenosis. Haight recom- 
mended frequent use of jejunal feedings via a small-caliber 
catheter passec through the gastrostomy distally into the 
jejunum. In 1965, Kirkpatrick and colleagues" drew atten- 
tion to the asseciation of esophageal atresia and tracheo- 
esophageal fistula, imperforate anus, and osseous abnor- 
malities with congenital heart disease and duodenal atre- 
sia. In 1973, Quan and Smith’ proposed the term "VATER" 
to denote the spectrum of associated anomalies manifested 
by vertebral defeets such as hemivertebrae and bifid 
vertebrae, ancl atresia, tracheoesophageal fistula with 
esophageal atresia, and radial and renal dysplasia. They 
suggested that this classification does not present a "dis- 
crete single et.ologic syndrome," but does demonstrate a 
tendency for these defects to associate. In 1974, Barry and 
Auldist suggested that the VATER association be 
regarded as part of a speetrum that ranges from the 
occurrence o? any of the defects singly to the full set of 
VATEE anomalies. It would seem, from the analysis of our 
own patients as well as from previous reported series, that 
duodenal obstruction should also be included in this spec- 
trum of anomalous lesions. Although this association of 
anomalies has been well documented in the literature, no 
further recommendations for diagnosis and management 
have been suggested. 


RECOMMENDATIONS 
Imperforate Anus 


Imperforate anus is the most common GI anomaly 
associated with esophageal atresia and tracheoesophageal 
fistula. If this is the only associated GI anomaly, it is easily 
managed by early eclostomy at the time of gastrostomy 
under local anesthesia. Then, after a brief delay to assure 
stability of the patient, the esophageal atresia is corrected. 
No attempts shouid be made to perform perineal or 
sacroabdomiral puil-through in the neonatal period. A 
delay of nire te 12 months seems to be preferable. 
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The triad of esophageal atresia, duodenal obstruction, 
and imperforate anus was seen in six of our patients. 
Gastrostomy, colostomy, bypass of the duodenal obstruc- 
tion, and placement of a feeding catheter jejunostomy or 
transgastric jejunal feeding tube should provide the initial 
management in these patients (Fig 2). Repair of the 
esophageal atresia is done after a brief delay. The addition 
of feeding jejunostomy would allow long-term nutritional 
support should complieations arise or should the esophageal 
atresia be unsatisfactory for primary repair. This tech- 
nique has allowed full nutritional support with elemental 
diets to provide caloric and protein requirements without 
the need for total parenteral nutrition in several of our 
patients. Total parenteral nutrition, however, has been of 
considerable value in those patients without access to the 


gut. 
Duodenal Obstruction 


In our series, although imperforate anus was the most 
common associated GI anomaly, various duodenal anoma- 
lies were the most common cause of complications and 
deaths. Close evaluation of the initial abdominal roentgen- 
ogram demonstrated a typical double-bubble sign in 
several of the patients, which led to early diagnosis and 
proper management. Many of these patients, however, 
underwent initial gastrostomy followed by esophageal 
repair and ligation of the tracheoesophageal fistula with- 


out diagnosis of duodenal obstruction. Delay in diagnosis . 


was evident in many patients and contributed directly to 
death in three cases. Despite increased gastric output or 
failure to take feedings, there was frequently a delay in 
evaluation and management of duodenal obstruction. 
Because of the frequently associated problems of esopha- 
geal stricture or gastroesophageal reflux after esophageal 
atresia, repair barium studies of the esophagus were 
frequently performed without studying the stomach or the 
duodenum. When feeding problems occur or gastric resid- 
uals remain high, contrast studies performed after repair 
of esophageal atresia must always include the stomach and 
duodenum as well as the esophagus if early diagnosis of 
distal obstruction is to be made. Failure to consider the 
high incidence of duodenal obstruction in patients with 
esophageal atresia and/or tracheoesophageal fistula may 
lead to increased morbidity and mortality. Feeding-cathe- 
ter jejunostomy or a transanastomotic gastrojejunal feed- 
ing catheter would again seem to be indicated to provide 
adequate nutritional support. Recently, we have used both 
of these techniques to provide caloric and protein require- 
ments in the immediate postoperative period. 


Pyloric Stenosis 


Pylorie stenosis developed in four (2.7%) of our patients, 
and frequently diagnosis was delayed. The onset of vomit- 
ing or “feeding problems” after repair of esophageal 
atresia may be due to reflux or to esophageal stricture; 
however, the possibility of pyloric stenosis should also be 
considered. The classic symptoms and findings of pyloric 
stenosis may be absent after tracheoesophageal fistula 
repair and gastrostomy, and, therefore, if pyloric stenosis 
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is suspected, barium studies are indicated. Gastrostomy 
has also been incriminated as the cause of recurrent pyloric 
stenosis following pyloromyotomy." The theory is that 
continuous gastric decompression reduces intraluminal 
pressure to a level insufficient to keep the pyloric canal 
open. Dibbins, in his discussion of Raffensperger's report,’ 
has recommended clamping the gastrostomy after pyloro- 
myotomy to prevent recurrence. In one of the four patients 
with pyloric stenosis in our series, delayed gastric empty- 
ing developed after pyloromyotomy. The condition was 
treated with intermittent gastrostomy clamping with good 
results. 


Ectopic Pancreas 


Ectopic pancreatic tissue in general does not produce any 
severe GI difficulties. If found on initial exploration, 
simple excision is satisfactory. 


Other GI Anomalies 


The other GI anomalies associated with esophageal 
atresia and tracheoesophageal fistula in our series were 


W^ —. few in number. Individually, they could possibly represent 


coincidental findings; however, collectively they represent 
nine patients with associated GI anomalies, or 6% of the 


total series. 


Morris Asch, MD, L. Patrick Brennan, MD, Daniel Hays, MD, Neal 
Sherman, MD, Jordan Weitzman, MD, and Morton M. Woolley, MD, allowed 


. us to include their patients in this study. 
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Invited Editorial Comment 


The authors have emphasized that unsuspected associated duo- 
denal atresia or incomplete rotation of the midgut was a major 
contributing factor in the deaths of five babies witk esophageal 
atresia. l'wo of three patients with duodenal atresia also had 
gastric perforation with peritonitis, a very unusual complication of 
duodenal atresia alone that may be caused by insufflation of the 
obstructed stomach by air coming through the distal tracheoe- 
sophagezl fistula. The value of obtaining abdominal roentgeno- 
grams prior to performance of gastrostomy in all abies with 
esophageal atresia and their careful assessment for signs of 
duodenal obstruction eannot be overemphasized. In our experi- 
ence, the-e is also a considerable risk of continuing gastroesopha- 
geal reflux and possible aspiration, even after gastrostomy and 
duodenal bypass have been performed. For this reason, we advo- 
cate division of the tracheoesophageal fistula as early as possible 
rather than a period of enteric feeding by catheter j2junostomy 
and "repzir after a brief delay." 

ROBERT J. TOULOUKIAN, MD | 
New Haven, Conn 


CORRECTION 


Error in Abstract.—In the article titled "Renal Cell Carcinoma Occurring With Contra- 
lateral Adrenal Metastasis,” published in the August ARCHIVES (114:959-963, 1979), the 


first sentence of the abstract should have “occurs in” caanged to “occurs with,” so that 
the sentence reads as follows: "Because renal cell carcinoma occasionally occurs with 
manifestations referable to a single metastatic lesion, there is a risk that a metastasis 


will be mistaken for the primary tumor.” 
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Consider the advantages of Avitene... 


Reacts quickly with blood to trigger hemostasis 

Adheres to irregular bleeding surfaces even without suturing 
Rapidly effective; stable clot is established within minutes 
Readily absorbed by the body; no interference with healing 


.. pürtiularly in cardiovascular surgery 


Effective in heparinized patients 
No stenotie effect in vascular anastomoses 
Controls bleeding from sternotomy 
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Controls bleeding from vascular and 
friable tissues 
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No stenotic effect on vascular anastomoses 
Controls bleeding from sternotomy 
Effective in heparinized patients 
Controls high pressure bleeding 


Orthopedic Surgery 
No interference with bone healing 


Conforms easily to irregular surfaces 
and cavities 


Gynecologic Surgery 
Controls bleeding from vaginal and 
bladder muscularis 


Avoids tissue trauma resulting from 
excessive suture ligation 


Neurosurgery 
Remains adherent during suctioning 
Does not need to be cut or shaped 
Does not swell 
Minimal foreign body reaction 
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ventional procedures is ineffective or impractical 
Contraindications: Avitene (MCH) should not be used in the clo- 
sure of skin incisions as it may interfere with the healing of the 
skin edges. This is due to simple mechanical interposition of dry 
collagen and not to any intrinsic interference with wound healing. 
By filling porosities of cancellous bone, MCH mey significantly 
reduce the bond strength of methylmethacrylate adhesives. MCH 
should not, therefore, be employed on bone surfzces to which 
prosthetic materials are to be attached with meth yImethacrylate 
adhesives. 

Warnings: Avitene (MCH) is inactivated by autoclaving. Ethylene 
oxide reacts with bound hydrochloric acid to form ethylene chloro 
hydrin. This product should not be resterilized. It is not for injec- 
tion. Moistening MCH or wetting with saline or thrombin impairs 
its hemostatic efficacy. It should be used dry. Discard any unused 
portion. As with any foreign substance, use in contaminated 
wounds may enhance infection. 

Precautions: Only that amount of Avitene (MCH) necessary to 
produce hemostasis should be used. After several minutes, excess 
material should be removed; this is usually possible without the 
re-initiation of active bleeding. Failure to remove excess MCH 
may result in bowel adhesions or mechanical pressure sufficient to 
compromise the ureter. In otolaryngological surgery, precautions 
against aspiration should include removal of all excess dry mate- 
rial and thorough irrigation of the pharynx. MCF contains a low, 
but detectable, level of intercalated bovine serum protein which 
reacts immunologically as does beef serum alburr in. Increases in 
anti-BSA titer have been observed following treatment with MCH 
About two-thirds of individuals exhibit antibody 'iters because of 
ingestion of food products of bovine origin. Intrac ermal skin tests 
have occasionally shown a weak positive reaction to BSA or MCH 
but these have not been correlated with IgG titers to BSA. Tests 
have failed to demonstrate clinically significant elxcitation of anti- 
bodies of the IgE class against BSA following MCH therapy. Care 
should be exercised to avoid spillage on nonbleed.ng surfaces, par 
ticularly in abdominal or thoracic viscera. Teratolegy studies in 
rats and rabbits have revealed no harm to the animal fetus. There 
are no well-controlled studies in pregnant women. therefore, MCI 
should be used in pregnant women only when clearly needed. 
Adverse Reactions: The most serious adverse reac-ions reported 
which may be related to the use of Avitene (MCF) are potentia- 
tion of infection including abcess formation, hemztoma, wound 
dehiscence and mediastinitis. Other reported adverse reactions 
possibly related are adhesion formation, allergic reaction, foreign 
body reaction and subgaleal seroma (report of a smgle case). The 
use of MCH in dental extraction sockets has been reported to 
increase the incidence of alveolalgia. Transient lar/ngospasm due 
to aspiration of dry material has been reported following use of 
MCH in tonsillectomy. 
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surgical Management of Congenital 


Lymphedema in Infants and Children 


Eric W. Fonkalsred. MD 


€ Of 57 chilcren and infants with lymphedema, 28 had the 
congenital type. Congenital lymphedema appears during the first 
few weeks of lite frequently involves more than one extremity, 
and enlarges at a slower rate than general body growth. The 
swelling usually becomes less pronounced with age, and no 
specific therapy is required in two thirds of the patients. Seven of 
the 28 children nad swelling of the upper extremities and a 
generalized lymphangiopathy syndrome. Subcutaneous lym- 
phangiectomy was performed on ten of 28 patients who had 
moderate to severe swelling. Those with hand and arm involve- 
ment were paricularly benefited; however, operations on the 
dorsum of the toot produced hypertrophic scars in one third of 
the cases. The cperatior is deferred until after age 2 years to 
permit optimal technical repair and to identify those patients 
whose conditions will improve spontaneously. 

(Arch Surg 114:1133-1136, 1979) 


| band lymphedema in infants and children is not 
uncommon yet the embryologic origin, the pathophy- 
siologie factors that eause lymphatic swelling, and the 
optimal method of management have not been clearly 
defined. Seconcary lymphedema due to irradiation, nodal 
resection, trauma, or other causes is rare in childhood 
compared with primary lymphedema and usually is asso- 
ciated with diated lymphatic vessels peripheral to the 
obstruction. 

Although primary lymphedema in childhood was often 
considered congenital regardless of the age of onset, it has 
become apparent that true congenital lymphedema is a 
condition distinct frem lymphedema precox in that their 
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clinical characteristics and optimal treatments are differ- 
ent.' Most patients with congenital lymphedema have 
swelling of the involved extremity at birth, in contrast to 
those with lymphedema precox in whom swelling usually 
appears in early adolescence; although considered a form of 
primary lymphedema, lymphedema precox may not actual- 
ly be congenital in origin. Lymphedema tarda, which 
occurs spontaneously in middle age, is also considered a 
form of primary lymphatic swelling; however, it too is 
unlikely to be congenital. Moreover, the clinical course— 
including age of appearance, prognosis for spontaneous 
regression, and indications for surgical treatment—are 
different for the congenital and precox types of primary 
lymphedema. Since scant attention has previously been 
directed to the specific aspects of congenital lymphedema, 
this report summarizes our 20-year experience in the 
management of 28 children with primary congenital 
lymphedema at UCLA Hospital. 

The comparative frequencies of the three forms of 
primary lymphedema were reported by Allen and his 
associates, who described 105 patients with primary 
lymphedema, only 12 of whom had the congenital form. 
However, in addition to our hospital experience, others 
working primarily with a pediatric population have indi- 
cated that congenital lymphedema is present in approxi- 
mately 35% of patients with primary lymphedema. When 
this condition is hereditary, it is called Milroy's disease. 
Although the literature is confusing because different 
authors have used the eponym to describe various forms of 
lymphatic swelling, true hereditary congenital lymphede- 
ma is rare. 


PATIENTS AND METHODS 


During the 20-year period from 1958 through 1978, 67 children 
under 18 years of age have been treated for lymphedema at the 
UCLA Hospital. Of these patients, 28 had congenital lymphedema, 
33 had lymphedema precox, and six had lymphedema secondary to 
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Fig 1.—Male infant, 3 months old, with 
bilateral congenital lymphedema of feet 
that was present at birth, but that grew 
faster than body during ensuing two 
months. Swelling regressed slowly over 
next three years, and no specific therapy 
was given. 
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Fig 3.—Unilateral congenital lymphede- 
ma of one lower leg and foot, showing 
mild congenital bands, which were 
present in two patients. Subcutaneous 
lymphangiectomy at age 2% years gave 
distinct clinical improvement. 


surgical procedures in the groin or to trauma or to infection. An 
additional 14 children who had primary congenital hemangioma- 
tous malformations and another 12 who had lymphangiomas of the 
extremities are not included in this report. None of the 28 patients 
(15 girls and 13 boys) had major congenital malformations (except 
in the lymphatic system), although three had undergone inguinal 
herniorrhaphy. 

Each of the children with congenital lymphedema had swelling 
of the involved extremity since birth that had gradually enlarged 
during the ensuing weeks. In most cases, the swelling appeared to 
stabilize in size as the patient grew. When the swelling was severe, 
the enlarged extremity grew at the same rate as general body 
growth (Fig 1). In no instance did the lymphedematous extremity 
enlarge at a faster rate than general body growth after the first 
four months. There was a family history of congenital lymphede- 
ma in four children, including twin sisters (Fig 2). The lower 
extremities were involved in 24 children (13 with bilateral involve- 
ment) and the upper extremities in seven (three with bilateral 
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Fig 4.—Massive congenital lymphedema of 
hand and arm in 7-month-old female infant 
with protein-losing enteropathy and pulmo- 
nary lymphangiectasia. 


"PIU Pa VF, 





Fig 2.—Left, Mild bilateral congenital lymphedema of feet and lower legs in 4-month-old 
twin female infants. Ri 


mild residual swelling 


ght, Patients in top picture now age 7 years. Patient at right has 
in both legs, but no specific therapy was necessary. 


Fig 5.—Lymphedema of penis in 4-year- 
old circumcised boy with moderately 
severe lymphedema in botF hands and 
forearms. Resection of su»cutaneous 
tissue and portion of skin gave distinct 
clinical improvement. 


involvement). In those with bilateral involvement, the swelling 
was almost invariably symmetrical. In 11 children, the swelling 
was confined to the feet. The feet and lower leg were involved in 
13 patients, but no patient had swelling above the knee. Three of 
the four children with unilateral upper extremity lympaedema had 
severe swelling that affected the hand and entire arm. Almost all 
patients with bilateral lymphedema exhibited a milder degree of 
swelling than those with unilateral involvement. Two patients had 
loose congenital bands at the ankle accompanying the lymphede- 
ma (Fig 3). 

Each of the seven children with congenital lymphecema of the 
upper extremities had a syndrome of associated systemic lymphat- 
ic malformations (Fig 4). Four boys and one girl had lymphedema 
of the external genitalia (Fig 5). Lymphedematous swelling 
affected the lower extremities in four of these patients. Four 
patients had mild to moderate protein-losing gastroenteropathy 
since infancy, and one of them also had ascites; when they 
ingested a low-fat diet to which medium-chain triglycerides were 
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Fig 8.—Multiple dileted lymphatic spaces separated by dense 
septa of fibrous tissue (hematoxylin-eosin, original magnification 
x 135). 


co 


added, their symptoms improved. Two children had tracheobron- 
chial lymphangiectasia, which was characterized by a chronic 
cough in one child and by transient respiratory obstruction with 
profuse secretions after a3 operation in the other. One patient had 
an associated lzrge cystic hygroma of the neck. 

In all of the patients, the lymphedema did not pit and did not 
decrease noticeably with elevation of the extremity or with its 
compression by elastic roller bandages. The arterial pulsations 
were normal in the involved extremities, and there was no 
evidence of venous obstruction. Skin appendages grew at a normal 
rate, and the skin itself was smooth and normal in texture. The 
skin over the plantar and volar surfaces protruded to varying 
degrees, depending on the severity of the limb swelling. Although 
mild to moderate swellinz occurred in the fingers of patients who 
had upper extremity edema, it was minimal in their toes. 

Lymphangiograms were performed on five patients, but in each 
patient the blue dye thaz was injected in the web space between 
the toes diffused throughout the dorsum of the foot without filling 
any identifiable lymphatic vessels, thus indicating lymphatic 
aplasia. Two children urderwent venograms and two others had 
arteriograms, all of the studies were normal. Roentgenograms 
showed no chamge in tne actual size of bones of the effected 
extremity compared with those of the contralateral extremity in 
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Fig 6.—Subcutaneous lymphangiectomy was performed on 2-year-old girl and bulky 
subcutaneous tissue and large segment of skin were resected. 





Fig 7.—Left, Moderately severe lymphedema of hand in 18-month-old male infant. Right, 
Hand one year after subcutaneous lymphangiectomy. Residual finger swelling does not 
limit function of hand. 


any patient, although the metatarsals or metacarpals were sepa- 
rated more widely than normal in six patients. The serum protein 
and immunoglobulin levels were normal, except in patients with 
enteropathy, who had lower than normal values for both. 

Nonoperative measures were carried out during the first year of 
life in all but one of the first patients in the series, who underwent 
subcutaneous lymphangiectomy of the dorsum of the foot at 7 
months of age. Dissection of the foot in this infant was tedious 
because of the small size of the nerves and vessels to the foot; 
during the ensuing two years, the residual lymphedema sponta- 
neously subsided. The majority of patients did not have swelling 
severe enough to warrant an operation; however, when an opera- 
tion was recommended, it was deferred until the child had reached 
2 years of age because the severity of permanent edema can be 
clearly ascertained only after the patient has begun walking. The 
swelling became less severe during the first two years in 18 of the 
28 patients. Elevation of the involved extremity is not practical in 
children and was not very beneficial to any patient in this study. 
Pressure stockings and/or pneumatic compression units were 
minimally helpful to the patients on whom they were used. 
Moreover, diuretics failed to benefit any of the five patients who 
took them. 

For extremities with moderate to severe swelling that inter- 
fered with function and that did not regress in size, a subcuta- 
neous lymphangiectomy was performed after the patient's second 
year of life. Ten of the 28 patients underwent resection of the 
edematous subcutaneous tissue (four for upper and six for lower 
extremities) under general anesthesia (Fig 6). Multiple operations 
were performed on four children. One underwent six-staged 
operations on the fingers, dorsum of the hand, and the forearm. 
Two boys underwent reduction scrotoplasty at the same time the 
dorsum of the hand was reconstructed. Two patients with wide 
separations of the metatarsal bones underwent ray resection of 
the small toe and metatarsal bone to permit them to wear 
shoes. 

Tourniquet control was used for all operations on the extremi- 
ties to minimize blood loss. Thin skin flaps were developed and the 
edematous subcutaneous tissue was excised down to the underly- 
ing fascia. Subcutaneous wound suction catheters were used for 
three days postoperatively, and the extremity was wrapped with 
compression bandages and elevated for one week. Only two 
patients had delayed wound healing and persistent serous drain- 
age, and these complications subsided during the ensuing five 
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weeks. Broad-spectrum antibiotics were given before and for 
three days after operation. The cosmetic appearance one year 
postoperatively was considerably better than it was before the 
operation in eight patients; however, the results were considered 
minimally beneficial in two children who underwent resection of 
tissue from the dorsum of the foot because of the development of 
broad and hypertrophic scars (Fig 7). 

The tissue excised in the operations contained a large number of 
dilated endothelial-lined lymphatie spaces that were separated by 
fibrous septa and frequent large lobules of fat (Fig 8). There were 
fewer dilated veins than in patients with lymphedema precox. 


COMMENT 


In the normal extremity, the tissue fluid collected by the 
dermal lymphatics drains into the subcutaneous lymphatic 
system that accompanies the main superficial veins to the 
regional lymph nodes in the groin or axilla. The superficial 
lymphatics are separated from the deep system by the deep 
fascia, except for small communications through the lymph 
nodes in the popliteal fossa, the adductor canal, and the 
supratrochlear area of the arm. Primary lymphedema, 
which is usually confined to the tissues superficial to the 
deep fascia, has been classified as aplastic, hypoplastic, or 
hyperplastic based on lymphangiographic studies.’ Al- 
though the exact pathophysiology of congenital lymphede- 
ma has not been clearly described, it is believed that the 
superficial lymphatic network is hypoplastic or absent, 
and, therefore, is unable to transport lymph effectively; 
lymph then pools in the subcutaneous fat until the oncotic 
pressure of the tissue exceeds the superficial venous 
osmotic pressure and causes venous decompression. 

Whereas lymphedema precox is almost invariably a 
disorder of the superficial lymphatic system, congenital 
lymphedema often extends to the subfascial lymphatic 
system. Veins in the subcutaneous tissues enlarge and 
become tortuous to accommodate the additional tissue 
fluid, particularly in cases of lymphedema precox. In cases 
of congenital lymphedema, the skin appears normal in 
contrast to cases of lymphangioma, in which cutaneous 
vesicles and/or ecchymoses often occur. 

Congenital lymphedema involves the upper extremities 
in approximately one fourth of cases, but the other forms 


. of primary lymphedema almost never involve the hand and 


arm. Females are affected by congenital lymphedema 
almost twice as often as males. This condition typically 


. involves the dorsum of the foot and occasionally the plantar 


surface and rarely extends above the knees. Lymphedema 
precox almost never involves the plantar surface and often 
extends up to the thighs. In slightly more than half of 
patients, both lower extremities are affected. Children 
with involvement of the hand and arm frequently have 
lymphatic abnormalities in other areas of the body, partic- 
ularly swelling of the external genitalia, intestinal 
lymphangiectasia (in cases of protein-losing enteropathy), 
cervical cystic hygroma, and pulmonary lymphangiectasia.* 
Obesity appears to accelerate the limb swelling in cases of 
congenital lymphedema as well as in cases of lymphedema 
precox. Lymphangitis is very rare in cases of congenital 
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lymphedema, but it occurs in many patients with second- 
ary lymphedema. 

Nonoperative measures are recommended for congenital 
lymphedema during the first two years of ife since, in 
most cases, the lymphedema will spontaneously but grad- 
ually diminish in comparison to general body growth. For 
severe congenital lymphedema persisting beyond the first 
two to three years of life, staged subeutanecus lymphan- 
giectomy may significantly reduce the bulk of the extrem- 
ity and improve its function. The modified Kondoleon 
operation, in which full-thickness skin flaps are used, 
generally gives a good functional and cosmetic result. Such 
operations are less likely to be rewarding when performed 
on the dorsum of the foot because only short skin flaps can 
be constructed and the resulting irregular appearance of 
the foot may be cosmetically unattractive, as was the case 
in twe of the six children in the present study. 

Although surgical wounds in children witk congenital 
lymphedema appear to heal satisfactorily in the majority 
of cases with a remarkably low incidence of infection, when 
the skin flaps are made thin and the edges have marginal 
vascularity, the resultant wound is likely to persist with 
hypertrophic scar formation and weeping of lymphatic 
fluid. Free full-thickness or split-thickness skin grafts have 
generally been unsatisfactory in the manegement of 
congenital lymphedema and have resulted im extensive 
hypertrophic scars, copious weeping of lymphatic fluid 
from many sites, and chronic infections that are occasion- 
ally se severe that amputation is necessary. Omental 
transposition operations have also been unsuccessful in 
managing congenital lymphedema, in contrast to their 
favorable results in managing secondary lymphedema.* 

A syndrome of hereditary lymphedema assoeiated with 
severe obstructive jaundice has been reported.” A congen- 
ital defect in hepatic lymphatic vessels is believed to 
account for the persistent hepatomegaly in children with 
this rare inherited syndrome. Contrary to the experience 
with secondary lymphedema and particularly with post- 
mastectomy arm edema, malignant change in congenital 
lymphedema is extremely rare. 
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Carotid Bruit 


A Follow-up Report on Its Significance in Patients 


Undergoing an Abdominal Aortic Operation 


Richard L. Treiman, MD; Robert F. Foran, MD; J. Louis Cohen, MD; Phillip M. Levin, MD; David V. Cossman, MD 


e The records of 516 patients who underwent an elective 
abdominal aortic operation for aneurysmal or occlusive disease 
are reviewed. Four patients operated on twice are considered an 
individual patient for each operation. Excluding 27 patients who 
had a prior carotid endarterectomy, there were 84 with a carotid 
bruit. Thirty-six patients without a carotid bruit had experienced 
an episode of cerebral ischemia. Four patients had a postopera- 
tive stroke. There was no correlation between the stroke and 
presence of a carotid bruit or history of cerebral ischemic 
symptoms. We do not challenge the validity of prophylactic 
carotid endarterectomy but question if the need for an abdominal 
aortic operation should be considered indication for carotid 
angiography and surgery in patients with a carotid bruit. 

(Arch Surg 114:1138-1140, 1979) 


ih 1973, we reported' that on review of 200 elective 
operations for abdominal aortic disease a correlation 
was not found between the presence of a carotid bruit and 
risk of postoperative stroke. We now think it timely to 
bring that study up to date to determine if our initial 
observation remains valid. 


SUBJECTS AND METHODS 


A total of 520 elective abdominal aortic operations were 
performed on 516 patients between January 1964 and October 
1978. Of these operations, 255 were for treatment of aortoiliac 
occlusive disease and 265 for an abdominal aortic aneurysm. 
Patients with both aneurysmal and occlusive disease were placed 
in the group that indicated the primary reason for operation. 

Four patients had two operations. The interval between opera- 
tions varied between three and six years. Patients operated on 
twice are considered as an individual patient for each operation. 

Of 255 patients operated on for aortoiliac occlusive disease, the 
oldest patient was 79 years of age and the youngest 36. The age of 
the patients by decade is given in Table 1. Of the patients, 135 
were male and 120 female. A total of 215 operations were 
performed for claudication that limited walking to intervals of less 
than one block (138 patients) or for more than one block (20 
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patients) or for rest pain (77 patients). Twenty operations were for 
gangrene. 

Nine patients operated on for aortoiliac occlusive disease died, 
thus giving an operative mortality of 3.5%. Three deaths were due 
to myocardial infarction, one was due to acute renal failure, one to 
aspiration pneumonitis, one because of occlusion of a superior 
mesenteric artery graft with intestinal infarction, one due to 
congestive heart failure complicated by renal failure and sepsis, 
one because of dehiscence of an arterial suture line on the tenth 
postoperative day following aortoiliac endarterectomy, and one 
was due to a stroke that occurred after postoperative myocardial 
infarction with congestive heart failure. 

Two hundred and sixty-five patients had elective resection of an 
abdominal aortic aneurysm. The oldest patient was 91 years of age 
and the youngest 46. The age group of the patients dy decade is 
given in Table 1. A total of 129 patients were 70 yeers of age or 
older. Two hundred and twenty-three patients were male and 42 
were female. Twelve patients died, thus giving an operative 
mortality of 4.5%. Four deaths were due to myocardiel infarction, 
three were due to renal failure complicated by pulmonary insuffi- 
ciency in two and congestive heart failure in one, two were due to 
hemorrhage of a peptic ulcer, one died of perforatior of a peptic 
ulcer, one of intestinal gangrene, and one of stroke. The two 
patients who died of stroke, one after operation fer aortoiliac 
occlusive disease and one after operation for an abdominal aortic 
aneurysm, will be discussed later. 


RESULTS 


Nine patients had a carotid endarterectomy prior and 
not related to the decision for an abdominal aortic opera- 
tion. The carotid operations were performed twc months to 
six years earlier. Six of the nine had residual carotid bruits, 
none had follow-up carotid angiography, and rone had a 
stroke after the abdominal aortic operation. 

Of the remaining 511 patients, findings from ausculta- 
tion of the neck were recorded in 507. Ninety-seven 
patients had a carotid bruit. In 27, the bruit was associated 
with an episode of transient cerebral ischemia or stroke 
and in 70, the bruit was asymptomatic. Four hundred and 
ten patients did not have a carotid bruit. Forty-one without 
a carotid bruit had experienced an episode of cerebral 
ischemia; 369 without a carotid bruit had no history of 
transient cerebral ischemia or stroke. 

Forty patients had carotid angiography at the time of 
evaluation of their abdominal aortic disease (Ta le 2). The 
indication for carotid angiography was a history of cere- 
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Table 1.—Age of Patients* 










Aortoiliac 
Occlusive Aortic 
Age by Decade Disease Aneurysm Total 


PR:  —_ a — 3t 
70-79 37 107 144 
*Four patients operated on twice are listed as an individual patient for 
each operation. 


Abdominal 















bral ischemic symptoms in 23, twelve of whom had a 
carotid bruit, and an asymptomatic carotid bruit in 17. Of 
the 40 patients who had preoperative carotid angiography, 
24 had significan: earotid disease and 18 of the 24 had 
carotid endarterectomy preceding the abdominal aortic 
operation. Five patients with carotid stenosis did not have 
prophylactic endarterectomy because of the urgent need 
for aortic surgery. One patient had bilateral internal 
carotid artery ocelusion. 

Four patients had nonischemic cerebral disease treated 
seven to 37 years prior to the abdominal aortic operation. 
One of the four had resection of a benign brain tumor with 
residual homonymous hemianopia, one had carotid ligation 
for intracerebral aneurysm, one experienced a cerebral 
hemorrhage, and one had hemiparesis during delivery of 
her child 37 years earlier. The hemiparesis cleared 
completely and was not considered due to a thrombotic 
stroke. 

A streke developed in four patients following the abdom- 
inal aortic operation. A 69-year-old man who did not have a 
carotid bruit er history of cerebral ischemic symptoms 
underwent elective resection of an abdominal arotie aneu- 
rysm. The operation and postoperative course were un- 
eventful until the sixth postoperative day when right 
hemiplegia and aphasia developed. He was recovering from 
the stroke when his neurologic deficit worsened and he 
died. The second patient, a 78-year-old man without a 
carotid bruit or history of stroke, had resection of an 
abdominal aertic aneurysm. He had arteriosclerotic heart 
disease with previous myocardial infarction. On the second 
postoperative day, reinfarction developed and on the fifth 


postoperative day a stroke with hemiplegia developed. He © 


survived anc was discharged from the hospital with resid- 
ual neurologic deficit. The third patient was a 58-year-old 
woman who aad an aortofemoral bypass graft and bilateral 
lumbar sympathectomy for treatment of aortoiliac occlu- 
sive disease that caused rest pain. The patient had bilateral 
asymptomatic carotid bruits. Preoperative arch aortogra- 
phy demons-rated bilateral carotid stenosis. Because of the 
severity of the patient's rest pain, repair of the carotid 
stenes:s was not performed before the abdominal aortic 
operation. Cn the fourth postoperative day, left hemiplegia 
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Table 2.—Preoperative Carotid Angiography* 


Carotid 
Endarterectomy 
Prior to 

Carotid Stenosis Abdominal 
Symptom1 Angiogram 7 5096 Aortic Operation 


TIA/CVA with 

carotid bruit 12 6 6 
TIA/CVA without 

carotid bruit 11 7i 5 


Asymptomatic 
carotid bruit 17 11 7 


Total 40 24 18 


*Excludes nine patients who had prior carotid endarterectomy not 
related to abdominal aortic operation. 

1TIA indicates transient cerebral ischemic attack; CVA, cerebrovascular 
accident or ischemic stroke. 

tincludes one patient with bilateral internal carotid artery occlusion. 


Had Carotid 


developed from which the patient made a good recovery. 
Subsequently, the patient had staged bilateral carotid 
endarterectomy. The fourth patient was a 57-year-old man 
who underwent an aortofemoral bypass graft for treat- 
ment of disabling intermittent claudication. He did not 
have a carotid bruit or history of cerebral ischemic symp- 
toms. There was history of myocardial infarction, occasion- 
al angina pectoris, and insulin-dependent diabetes mellitus 
with diabetic neuropathy. Thirty-six hours after the 
abdominal aortic operation, acute myocardial infarction 
with congestive heart failure developed. He was making a 
satisfactory recovery from that complication when on his 
sixth postoperative day a stroke developed that involved 
the brain stem with coma; he died on the 29 postoperative 
day. At the time of the stroke he was hemodynamically 
stable. Thus, of four patients in whom a postoperative 
stroke developed, three, including two who died, did not 
have a carotid bruit or history of cerebral ischemic symp- 
toms. One patient with a carotid bruit from carotid steno- 
sis had a stroke and survived. None were hypotensive at 
the time of stroke. 


COMMENT 


Since publication of our report! in 1973, surgeons contin- 
ue to advise investigation of a carotid bruit and repair of 
carotid stenosis prior to major surgery in an attempt to 
lessen the risk of perioperative stroke.*? However, Carney 
et alë on review of 238 patients undergoing aortoiliac 
reconstruction for occlusive disease found that the asymp- 
tomatic bruit does not indicate an increased risk of stroke 
during aortoiliac reconstruction and they did not advise 
prophylactic carotid endarterectomy. 

The present report is a continuation of our study to 
determine the significance of a carotid bruit in patients 
who need an abdominal aortic operation. History of cere- 
bral ischemic symptoms are also considered. Excluding the 
27 patients who had prior carotid endarterectomy, 84 
patients had a carotid bruit at the time of the abdominal 
arotic operation. Twenty-one of the 84 had history of 
transient or completed stroke. Thirty-six patients without 
a carotid bruit had experienced cerebral ischemic symp- 
toms. One of the 120 patients with a carotid bruit or history 
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of cerebral ischemic symptoms had a postoperative stroke. 
Of 369 asymptomatic patients without a carotid bruit, 
stroke developed in three. If we were trying to prevent 
perioperative stroke by prophylactic repair of carotid 
stenosis, we would not have selected to have the conditions 
of these three patients evaluated by carotid angiography. 

In 1978 our policy was that the conditions of patients 
with an asymptomatic carotid bruit should not be evalu- 
ated by carotid angiography prior to an abdominal aortic 
operation.' Since that time, there are reports?'* that all 
patients with an asymptomatic carotid bruit are at 
inereased risk of stroke. We modified our policy and now 
evaluate and operate on selected patients with an asymp- 
tomatie carotid bruit regardless of the need for an abdom- 
inal arotie operation. Recently we have used oculoplethys- 
mography (OPG) and carotid phonoangiography (CPA) to 
determine the hemodynamic significance of an asympto- 
matic carotid bruit. If these tests suggest carotid stenosis, 
carotid angiography is considered at the time of abdominal 
aortography. The use of OPG and CPA is reported to be 
90% accurate in diagnosing significant carotid stenosis,” 
and they permit evaluation of a carotid bruit without 
routine angiography. 

Although we now use noninvasive cerebrovascular tests, 
the selection of patients for carotid angiography in this 
study was not based on protocol. The decision was in- 
fluenced by several factors, including age and health of the 
patient, sound of the bruit, indication for the aortic 
operation, and willingness of the patient to accept the risks 
of carotid angiography and surgery. Furthermore, among 
the authors there are varying opinions on the need to 
repair asymptomatic carotid stenosis. 

Seventeen patients with an asymptomatic carotid bruit 
had carotid angiography at the time of abdominal aortog- 
raphy. Seven of the 17 had prophylactic carotid endarterec- 
tomy. Fifty-three patients with an asymptomatic carotid 
bruit did not have carotid angiography. None of the 53 had 
a postoperative stroke. 

Carotid angiography at the time of abdominal aortogra- 
phy and repair of carotid stenosis prior to an abdominal 
aortic operation facilitate treatment of the patient, but the 


. risks of these procedures may interfere with treatment of 


the abdominal aortic disease. Of 18 patients who had 
prophylactic carotid endarterectomy in anticipation of the 
abdominal aortic operation, stroke developed in two after 
the carotid operation. A 64-year-old man without a carotid 
bruit who had history of transient cerebral ischemic 
attacks had carotid endarterectomy before planned resec- 
tion of an abdominal aortic aneurysm. The patient had a 
perioperative stroke with hemiplegia and dysphasia. His 
neurologic deficit resolved over the ensuing months and 
one year later he had resection of the aneurysm. A 
75-year-old woman with an abdominal aortic aneurysm and 
asymptomatic carotid bruit had staged carotid endarterec- 
tomy to repair bilateral carotid stenosis. On her sixth 
postoperative day following the second carotid operation, 
she had a stroke with hemiparesis and dysphasia. Within 
48 hours her neurologic deficit cleared and computerized 
brain scan did not show an infarct. Nineteen days after the 
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stroke, she underwent uneventful resection of the aneu- 
rysm. In addition, a 67-year-old man with a 5-em abdomi- 
nal aortic aneurysm had carotid endarterectomy for treat- 
ment of transient cerebral ischemic attacks. On his third - 
postoperative day the aneurysm ruptured. He survived 
after emergent aortic surgery and prolonged convales- 
cence. This patient is not included in the present series 
because the aortic operation was not done on an elective 
basis. 

The two patients in whom neurologic deficit developed 
after carotid endarterectomy represent an 11% morbidity 
rate. Our overall incidence of stroke, including ipsilateral 
blindness" from carotid endarterectomy, is 3% and of mild 
neurologic deficit, 1%. The operative mortality ss 0.5%. The 
higher percent for those operated on before ar abdominal 
aortic operation is attributed to the small number of 
patients in the sample. 

In our series, stroke that follows an abdominal aortic 
operation occurred in four patients on the fourth through 
sixth postoperative day. No patient awoke from surgery 
with a neurologic deficit. Two of the four were having an 
uneventful postoperative course and two had postopera- 
tive myocardial infarction preceding the stroke. The four 
were hemodynamically stable at the time of stroke, which 
suggests that factors other than hypotension may contrib- 
ute to the complication of postoperative stroke : 


CONCLUSION 


Although all patients with a carotid bruit may be at risk 
of stroke, our study does not show that the risk is increased 
by an abdominal aortic operation. Therefore, we continue 
to question if the need for an abdominal aortic operation 
should be considered an indication for carotid argiography 
and surgery in patients with a carotid bruit. We do not 
challenge the validity of prophylactic carotid endarterecto- 
my but think the decision to investigate a carotid bruit and 
to repair carotid stenosis should be made independent of 
the patient's need for other major abdominal surgery. 
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Primary Excision and Grafting of Burns 
Located Over an Open Fracture 


William T. Choctaw, MD; Bruce E. Zawacki, MD; Lawrence Dorr, MD 


€ Early excision of the 5um, immediate autografting, reduction 
of the fracture, and stabilization with a plaster-of-paris cast is 
offered as an alternative method for managing burns with 
associated !ong-bone fractures. The opportunity to excise and 
immediately autograft a durn wound requires rethinking of the 
entire preblem of burns associated with a fracture. 

(Arch Surg 114:1141-1142, 1979) 


o centro] infecticn, burn wounds are traditionally 
managec by daily débridement, frequent dressing 
changes, topieal antimicrobial therapy, and application of 
split-thickness skin z-aft as required when granulation 
tissue develops. When burns of an extremity are located 
over a long-bcne fracture, the management of both injuries 
becomes much more Cifficult, especially if the fracture is 
open. Tne traditional burn management program greatly 
limits the possible approaches to fracture management: 
immobi izaticn by plaster or other encasing material inter- 
feres with debridement and topical therapy; open reduc- 
tion and internal fixation may enhance the risk of bone 
infection. As a consequence, the most popular approach to 
the problem is eontrol >f the bony fragments by continuous 
balaneed traetion or external skeletal fixation, combined 
with déoridement, topical therapy, and delayed grafting of 
the burn. 
This treatment is associated with many problems.” ' 
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Steinmann pin tracts may become infected, leading to 
loosening and migration of the pins, especially if fixed 
through burned skin. Traction or external skeletal fixation 
makes care of burns on the back, buttock, or posterior leg 
very difficult, because the patient cannot be easily turned 
for optimal wound care. Delayed grafting of the burn 
results in prolonged hospitalization, continued evaporative 
water loss, and increased chance of infection of the burn 
and of the bone. 

To avoid some of these difficulties, we have developed an 
alternative method of management, using early excision 
and immediate autografting of the burn. 


REPORT OF CASES 


Case 1.-A 20-year-old man was admitted to Los Angeles 
County-University of Southern California (LAC-USC) Medical 
Center, Los Angeles, immediately after a motorcycle accident in 
whieh he sustained 189; body surface area second- and third- 
degree flame burns of the lower extremities with an associated 
midshaft, compound, comminuted fracture of the right tibia. The 
burn was directly over the fracture site. There was no evidence of 
vascular compromise. Four hours after injury, in the operating 
room the fracture was reduced and the burn wound excised using a 
dermatome as described by Janzekovic’ and autograft applied 
immediately. The fracture wound was irrigated, debrided, and 
bilateral long-leg casts were then applied. On the 2nd, 7th, and 
14th postoperative days, the casts were removed and the wounds 
inspected (Fig 1). At no time was there evidence of infection and 
the graft had an excellent take. The patient was discharged on the 
21st postburn day with nonweight bearing ambulation on the right 
leg. 

Case 2.— An 18-year-old woman was admitted to the LAC-USC 
Medical Center after being involved in an automobile accident. 
She was found to have a cerebral contusion, compound fracture of 
the left tibia, and an 8% body surface area second- and third- 
degree burn distributed over the lower extremities. The burn 
included the skin directly over the fracture site (Fig 2). The 
patient was taken to the operating room where, four hours 


Fig 1.—Bilateral long-leg cast in place (left); grafted wound after cast removed with excellent take (right). 
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Fig 2.—Second-degree and third-degree burn overlying open fracture of left tibia. 


postinjury, the burn was managed by excision with a dermatome 


as described by Janzekovic’ and immediate application of split- 


thickness-skin autograft. Thereafter, the fracture wound was 
irrigated, fracture reduced, and long-leg casts were applied. On 
the fifth and 12th postoperative days, the casts were removed and 
the wounds inspected. The graft on the leg with fracture had a 90% 
take; that on the right leg had a 50% take. The casts were 
reapplied. At no time was there evidence of infection under the 
east of the fractured leg. On the 14th postoperative day, the 
patient had evidence suggestive of pulmonary emboli and received 
anticoagulation therapy. On the 27th postoperative day, a split- 
thickness-skin autograft was applied to the nonfractured right 
lower leg. On the 40th postoperative day, the administration of 
sodium warfarin was discontinued and the patient was discharged 
with nonweight bearing ambulation on the left leg. 


COMMENT 


Most fractures that occur with overlying burns are 
located on the extremities. If, as illustrated earlier, the 
burn wound of the involved extremity is excised and 
autografted shortly after injury, the fracture can be 
reduced and immobilized using a plaster-of-paris cast, or 
whatever other method seems optimal. This eliminates the 
problem of pin tract infections and poor immobilization of 
the fracture that can lead to osteomyelitis or malunion of 





BACK 


the fracture. This method is most applicable when burns 
are located over long bones of the extremities and when 
skin autograft donor sites are plentiful. Other approaches 
would have to be considered if donor sites were scarce or if 
the fractures were of skull, vertebrae, or other bones where 
casting is not a routine method of fracture immobiliza- 
tion. 

The concepts of (1) early excision followed by grafting of 
a burn injury and (2) open reduction of a 2ompound 
fracture followed by casting are sound individvally; they 
have not been used concomitantly in patients with burns 
located over an open fracture, perhaps because »f fear of 
infection under the cast. We believe that concern regard- 
ing development of burn wound infection under < cast may 
be greatly reduced if the burn is first excised and a 
split-thickness skin autograft applied. Furthermore, we 
noted no infection or delayed healing of the fracture in 
these two cases attributable to increased manipulation at 
the time of surgery, as has been suggested by some 
authors. ? This experience may require reconsid2ration of 
the experimental work of Grisolia and the clinical experi- 
ence of Novak suggesting that even internal fixation may 
be permissible in such cases if the burn is first excised and 
a skin graft applied in less than 48 hours. 
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Surgical Safaris With the 
East Africa Flying Doctor Service 


David W. Furnes MD; Denald Gilchrist, FRCS; Thomas D. Rees, MD; A. Michael Wood, CBE, FRCS 


€ A few hundred small mission and government hospitals 
serve the 20 million peaple who live in rural East Africa. The 
physician-patient ratio :s 1:25,000. Surgical support to many of 
these hospitals is provided through the East Africa Flying Doctor 
Service of the Af-ican Medical and Research Foundation. Small 
aircraft that are coordinated by a wide radio network bring 
surgical capabili*y to à maximum number of patients in this area 
of 1,300,000 sq «m (500,000 sq miles). The clinical problems, 
differential diagroses, operative decisions, risk, and complica- 
tions of surgical care al. have a distinctly African quality. The 
working conditiens and variety and magnitude of problems 
provide a stimulating challenge. Surgical safaris are a catalyst 
for gaining acceptance-of modern scientific methods by Africa's 
tradition-oriented tribesmen. 

(Arch Surg 111:1143-1148, 1979) 


he East Africa F ying Doctor Service, a unit of the 

Afriean Medical znd Research Foundation (AMREF), 
has for two decades provided specialized surgical service to 
bush hespitas throughout Kenya and Tanzania. These 
rural hospitals are linked by shortwave radio to Foundation 
Headquarters at Wison Airport in Nairobi. Elective 
surgery schedules are set up, emergencies are dispatched, 
and advice or consulta-ion is given over a widespread radio 
network. The AMREF surgical team (surgeon, anesthesiol- 
ogist, nurse, ard pilot; makes scheduled air safaris accord- 
ing to the needs of the rural hospitals. The medical officer 





Aecepted for publicatior May 7, 1979. 

From the Divisicn of Plastic Surgery, University of California at Irvine 
(Dr Furnas), the Atriean Medical and Research Foundation, Nairobi, Kenya 
(Drs Gilchrist, Wocd, and Rees), and the Institute of Reconstructive Plastic 
Surgery, New Yerk University, New York (Dr Rees). 

Read before the Southern California Chapter of the American College of 
Surgeons, Newpor- Beach. Calif, Jan 20, 1979. 

Reprint requests to Division of Plastic Surgery, University of California 
at Irvine, Irvine, CA 92717 Dr Furnas). 


Arch Surg—Vol 114, Oct 1979 


in charge of the rural hospital is usually a seasoned bush 
surgeon and personally handles trauma surgery, cesarean 
sections, and less complicated elective procedures, but 
saves complex operations for the AMREF team. The 
medical officer prepares the patients preoperatively and 
gives dedicated postoperative care; residential quarters are 
usually only a minute away from the surgical ward. Blood 
transfusions and basic laboratory studies can be performed 
at anytime. Endotracheal anesthesia is always available, as 
are routine fluid and drug treatments. Consultation for 
postoperative complications is as close as the radio. In the 
rare event of a serious problem, the surgical team can 
return to the bush hospital or the patient can be flown to 
Nairobi. 


TRIBESPEOPLE AND RURAL CARE 


The rural areas of Kenya and Tanzania have a physician- 
population ratio of 1:25,000, and many of these 25,000 
people are several days' journey on foot from the nearest 
doctor. The hospitals are of modest size (approximately 100 
beds), and are run by church missions or the Government 
Health Service. One or two physicians make up the medical 
staff. Telephones and power lines rarely exist. In good 
weather the hospital may be two days' journey over rough 
roads from the nearest large town. During the rains, roads 
are impassable and the hospital is completely cut off. Thus, 
the aireraft and radios of AMREF serve a great need in 
communication and transportation. 

The tribespeople of rural Africa live close to nature; their 
day-to-day fortunes (and caloric intake) are linked to the 
caprices of rainfall and the vicissitudes of subsistence 
agriculture and herding. Twenty-five percent of children 
have frank malnutrition. If a measles epidemic follows in 
the footsteps of a drought, many young lives are cut short, 
and formidable problems of facial reconstruction result 
from noma (Fig 1). 
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Fig 1.—Cancrum oris or noma. This Fig 2.—Giant collection of abdominal hydatid 


child was malnourished because of a cysts in Turkana tribeswoman. Patient had 
drought; cancrum oris followed as a severe symptoms from displacement of dia- 


complication of measles. phragm and gastrointestinal tract. Over 10 
gallons of hydatid material was removed at 
surgery. 


Fig 4.—Surgical complication of typhoid in 
17-year-old Wanyatoro boy. Dehiscence 
has occurred following surgical closure of 
perforated typhoid ulcer. Resilient young 
man is holding his own. 


Fig 5.—Bolus of Ascaris lumbricoides in a 
5-year-old child who underwent explorato- 
ry surgery because of intestinal obstruc- 
tion, abdominal mass, and anemia. 





Fig 6.—Luo tribesman with bilateral upper 
facial nerve paresis from leprosy and who 
lacks corneal protection, attempting to 
close eyes. 


Fig 7.—Bilateral temporalis muscle trans- 
fers have given patient shown in Fig 6 
capability of closing eyes. 





Fig 8.—Track of spear wound in abdomen 
of Luo woman. Multiple intestinal perfora- 
tions had to be repaired (Dr R. Weaver's 
patient). 


Fig 9.—Massai tribesman with penetrating 
arrow wound received during cattle raid. 
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Fig 3.—Mature mganga szars on epi- 
gastrium of Samburu tribesman indi- 
cating chronic epigastric pain. Arrow 
shows direction of perista tic waves of 
upper abdomen. Clinical diagnosis of 
obstructed pyloric ulcer was confirmed 
at surgery. 
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Fig 10.—Loss of ear and subtotal paroti- 
dectomy from bite of lion. Parotid fistula is 
receding. 


Fig 11.—Rendile tribesman with penetrat- 
ing chest wound from elephant tusk goring 
(Dr R. Settetree's patient). 





Fig 12.—Boran tribesgirl with massive loss 
of scalp and craniofacial fractures from 
hyena bite. 


Fig 13.—Repair of scalp loss seen in Fig 12 
with skin grafts after burring away outer 
table of skull. 








Fig 14—Eye injury from venom of spitting cobra. Fig 15.—Kamba mother and Fig 16.—Mother and daughter 
daughter with unrepaired bilat- shown in Fig 15 after lip 
eral cleft lips (Dr M. Mbalu's repairs. 
patient). 
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Fig 17.—Burn contracture of hand in small Fig 18.—Burkitt's lymphoma of face under 


Chagga child; severity progresses as treatment by chemotherapy. 
patient grows. 





Fig 19.—Nasopharyngeal carcinoma in 
Kikuyu man causing oculomotor paresis 
and lymph node metastases of neck. 





Fig 20.—Advanced neurofi- Fig 21.—Patient with mea- Fig 22.—Mganga's rtual scars delineate site of tuberculous arthritis of 
bromatosis of upper limb in sles, dreaded and often fatal hip. 
Meru girl. Nerves were sev- disease in some tribal areas. 
eral centimeters in diameter. Patient has been treated by 
mganga with  cauterizing 
agent causing deep burns. 
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ritual craniotomy. 





Malaria is widespread and is the most common cause of 
postoperative fever. Many patients are burdened with 
several varieties of parasites. Sickle cell disease is a 
potentia! souree of catastrophe in the operating room.’ The 
surgeon must never overlook the peculiarities of geography 
while planning and executing his surgical strategy. 

In their favor, the surgical patients are for the most part 
young, physically active people who are resistant to infec- 
tions. Anyone with an inadequate immune system has been 
selected out early in li£e. Thus, surgical complications are 
minimal, despite the very basic operating facilities. Usual- 
ly an easily corrected anatomical problem is all that denies 
the surgical vatient a fully productive life. Results are 
frequently dramatie and recovery is fast. 


SURGICAL PROBLEMS FROM AN 
AFRICAN PERSPECTIVE 


Surgieal problems of the abdomen must be viewed from 
an Afriean p2rspective. Left upper quadrant masses are 
universal in some communities because of large spleens 
due to malaria, kala azar, or idiopathic tropical splenomeg- 
aly or from hydatid disease of either the left lobe of the 
liver or the spleen. 

The differential diagnosis of a right upper quadrant 
mass is hyda-id eyst, amoebic abscess, or primary hepato- 
ma. Numerous and massive hydatid cysts are seen in 
certain tribes (Fig 2). 

Upper abdominal pain is most commonly due to peptic 
uleer—tribal life is not free of ulcerogenic stresses! 
(Fig 3) 

The source of right lower quadrant pain and peritonitis 
is more likely a perforated typhoid ulcer rather than a 
perforated appendix (Fig 4). Acute intestinal obstruction 
in a child is often caused by a bolus of round worms (Fig 5). 
In an adult, a volvulus of the sigmoid (or even a double 
volvulus involving both large and small bowel) is a frequent 
cause of obstruction. Amebomas from intestinal amebiasis 
cause abdominal masses and occasional obstruction. 
Because asymptomatic hernias are generally unattended, 
they are also a frequent source of intestinal obstruction. 

At lewer altitudes, complications of leprosy are frequent’ 
(Fig 6 and 7), and filariasis presents the special problems of 
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Fig 23.—Postoperative healing after recent 
ritual craniotomy by Kisii mganga, last in 
series of six operations on this patient. 


Fig 24.—Roentgenogram of another Kisii 





massive hydroceles or elephantiasis. 

African trauma has a special aura. Spear and arrow 
wounds (Fig 8 and 9) result from cattle raids. Several tribes 
believe that God granted all cattle to their tribe alone; 
efforts to redistribute the cattle according to God's wishes 
are a source of many injuries. Wild animals are seen from a 
different vantage point by the unarmed African on foot 
than by the visiting tourist or hunter. The "Big Five," lion, 
leopard, elephant, rhinoceros, and cape buffalo, are respon- 
sible for numerous injuries, deaths, and close calls (Fig 10 
and 11). Buffalo injuries are the most common. Most 
distressing are the bites of the hyena, whose jaws are 
reputed to be the strongest for their size in the animal 
kingdom. The hyena commonly attacks the head and face 
of a sleeping child, causing extensive tissue necrosis, limb 
contractures, and scars (Fig 12 and 13). The spitting cobra 
spits its venom twenty feet with accuracy, causing severe 
eye injury (Fig 14).° It also uses its fangs in conventional 
fashion with lethal effect. Fractures are found in the 
youthful, vigorous population. Home-prepared plaster-of- 
paris splints and well-established internal fixation devices 
(Lane pates, Kuntcher nails, Smith-Peterson nails) are 
used. 

Congenital anomalies and other pediatric problems are 
seen in abundance because of the burgeoning birth rate. 
Special problems are untreated cleft lips and palates (Fig 
15 and 16) and untreated club feet, which yield gratifying 
surgical results. Severe burn contractures are common. 
Toddlers often tumble into cooking fires; the limb and neck 
contractures that result are magnified as the patient 
grows, if he is denied the benefit of treatment (Fig 17). 
Epileptic patients sustain massive facial burns when flick- 
ering flames trigger seizures and they fall forward into 
domestic fires. 

Interesting gynecologic problems are common. Vesico- 
vaginal fistulas from obstructed labor cause grave social 
disability in the tribal setting, because running water and 
disposable papers are not available. Since patients with 
this disorder are young and the perineal tissues are not 
radiated, good surgical results can be expected. Inexpert 
ritual cireumcisions cause vaginal stenosis and the scar 
tissue must be released surgically. The most common 
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history leading to a pelvic laparotomy is a mass that has 
been present for more than nine months or that is bigger 
than a baby. 

Tumors have a special East African pattern. Burkitt's 
lymphoma (Fig 18) is endemic. Facial tumors are usually 
treated with chemotherapy alone; however, large ovarian 
or retroperitoneal masses are excised to reduce the tumor 
burden. Lymphoepithelioma of the nasopharynx (Fig 19) is 
common because of carcinogens fouling the air in smoke- 
filled huts. Carcinoma of the esophagus is quite common; it 
is usually advanced and is rapidly fatal. Squamous cell 
carcinomas in chronic wounds (Marjolin's ulcer) are 
frequent because of injuries to bare feet and burn scars. 
Large advanced tumors (Fig 20) of many varieties are seen 
by the Flying Doctor simply because he is the final 
consultant for such a large population base. 


Traditional Medicine and 
Modern African Medicine 


Of special interest is the role of the mganga, the 
traditional doctor or "witch doctor." The mganga is a 
respected member of the tribal hierarchy who invariably 
has seen our patients first. When his efforts (spells, drugs, 
incisions, etc) fail, he may pronounce the problem a "Euro- 
pean disease" and refer the patient for European treat- 
ment (Fig 21). 

The mganga's many small ritual incisions are sometimes 
helpful diagnostic clues (Fig 22 and 23), since they indicate 
the sites of past symptoms. The maturity of the wounds 
gives a clue to duration. Some mgangas are highly special- 
ized. Removal of the uvula with a snare made from the 
shaft of an eagle feather and the hair of a giraffe tail is a 
specialized procedure from which numerous benefits are 
allegedly obtained. Actual craniotomies are performed by 
the mgangas of the Kisii tribe near Lake Victoria who use 
crude instruments and unsterile technique but claim relief 
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for numerous problems (Fig 23 and 24). 

The mganga’s son or grandson can aspire -o advanced 
education in a local government or mission sehool, which 
will lead to admission to the new medical school at the 
University of Nairobi or the University of Dar es Salaam. 
These aspirations are even more realistic as the output of 
physicians in East Africa is accelerated. However, the 
anticipated number of graduate physicians can scarcely 
begin to fill the need; and for this reason the AMREF has 
undertaken a major commitment in the training of physi- 
cian's assistants, paramedical personnel, public health and 
nutritien experts, and in deploying them to best advan- 
tage. The surgical safaris of the East Africa Flying Doctor 
Service, with their visibly dramatic results, serve to 
increas2 the confidence of the African tribesmen in 
moderr scientific medicine, so that they will accept the less 
visible drama of immunization, nutrition, sanitation, and 
publie health. 


We acknowledge the help of Anne Spoerry, MD (AMREF Mobile Medi- 
cine), whc shared her personal lecture notes and her extensive knowledge of 
traditional African medicine with us. We further acknowledge the dedi- 
cated work of Peter Papworth, MBBS, anesthesiologist, and the other 
physicians, nurses, pilots, and support personnel who have made this work 
possible. 
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ANALGESIA COMPARABLE 
TO MORPHINE 


-10MG NUBAIN IS COMPARABLE TO 
TOMG MORPHINE IN ANALGESIA 


“ONSET OF ACTION IN 2 TO 3 MINUTES I.V, 
AND LESS THAN 15 MINUTES I.M.OR S.C. 


-ANALGESIA LASTS FROM 
3 TO 6 HOURS . 
„WITH THESE IMPORTANT DIFFERENCES — 
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AMPULS AND 


NUBAN: 


nalouphine HCI 


DOCUMENTED 
CLINICAL VALUE 


Twenty-seven investigations reported on the benefits of NUBAIN as 
a pre-anesthetic, postoperative or chronic medicatior in 

a variety of studies involving: m obstetric (during labor) and 
gynecologic patients ™ general surgical patients W cancer patients 
ll cardiac patients m orthopedic patients Iii gastrointestinal patients 


LOW INCIDENCE 
OF SIDE EFFECTS 


In 27 single or cross-over clinical studies involving 2,038 drug 
evaluations, NUBAIN showed a low level of side effects* Specifically, 
compared to morphine and meperidine, NUBAIN caused a lower 
incidence of vomiting. And, compared to Talwin* (pentazocine 
lactate), NUBAIN caused fewer psychotomimettc effects. The 
following bar chart shows the incidence of these side effects among 


the drugs tested? 
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* 6€ 0.05: Statistically significant difference from NUBAIN group 


ue NUBAIN (1,066 patients) MEPERIDINE (234 patients) 
Key 
MORPHINE (486 patients) TALWIN" (952 patients) 


a These clinical studies involved patients with pain from a variety of medical causes, iacluding labor, 
cancer, and orthopedic and general surgical procedures. Actual number of patienteexperiencing each 
side effect is shown in parentheses on the bar graphs 

*The most frequent adverse reaction in 1,066 patients treated with NUBAIN" is sedation (36% ). Less 
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frequent reactions are: sweaty/clammy (9%), nausea/vomiting ( 6926), dizziness/vertego (5% 
mouth (4%), and headache (3%). For a list of other adverse reactions which have been observed with 


LOW POTENTIAL 
FOR ABUSE 


f à NUBAIN® (nalouphine HCI) requires no special storage or additional 
paperwork beyond your normal order or prescription. NUBAIN was 
designed to incorporate important molecular features of the antagonist 
NARCAN® (naloxone HCI) and the potent analgesic NUMORPHAN® 
(oxymorphone HCI), resulting in a drug with strong analgesia but limited 
abuse potential. 


LOW RESPIRATORY 
$ DEPRESSANT EFFECT 


N r L At dosages of 10 mg/70 kg, NUBAIN causes respiratory depression 
| -—T comparable to that of morphine. In contrast to morphine, higher doses 
of NUBAIN do not increase respiratory depression appreciably 
(see Precautions). 





Compared to morphine Compared to meperidine 
NUBAIN offers NUBAIN offers 

E analgesia comparable to morphine W analgesia comparable to that of 
in milligram potency, onset, peak, meperidine 


duration m possibly longer duration of action 
E lower incidence of vomiting (3-6 hrs. vs. 2-4 hrs.) 


m lower respiratory depressant effect — W lower incidence of nausea and 
at higher doses vomiting 


w less potential for abuse w less potential for abuse 


m less potential for development of m less potential for development of 

tolerance and physical dependence tolerance and physical dependence 
w fewer side effects were experi - 
enced during labor by mothers in 
obstetrical studies ' 


1 in four double-blind obstetrical studies, NUBAIN and meperidine provided comparable analgesia 
Neonates did equally well on both drugs but there is a possibility that either drug can 


produce depressive effects in the fetus or neonate. Mothers receiving NUBAIN experienced 
fewer side effects 


Endo 
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NUBAIN 


nalouohine HCI 


DESCRIPTION 


NUBAIN (nalbuphine hydrochloride) is a synthetic narcotic agonist-antagonist analgesic of the 
phenanthrene series. It is chemically related to both the widely used narcotic antagonist, naloxone, and 
the potent narcotic analgesic, oxymorphone. 


NALBUPHINE HYDROCHLORIDE 


(-)-17-(cyclobutylmethyl) -4, 5a-epoxy = 
morphinan-3, 6a, 14-triol, hydrochloride 


HCI 





Each ml of the injectable aqueous solution of NUBAIN contains 10 mg of nalbuphine hydrochloride, 


ACTIONS 


NUBAIN isa potent analgesic. Its analgesic potency is essentially equivalent to that of morphine ona 
milligram basis. 

Its onset of action occurs within 2 to 3 minutes after intravenous administration, and in less than 15 
minutes following subcutaneous or intramuscular injection. The plasma half-life of nalbuphine is 5 
ae and in clinical studies the duration of analgesic activity has been reported to range from 3 to 6 

ours. 

The narcotic antagonist activity of NUBAIN is one-fourth as potent as nalorphine and 10 times that of 


entazocine. 
lease INDICATIONS 


For the relief of moderate to severe pain. NUBAIN can also be used for preoperative analgesia, as a 
Supplement to surgical anesthesia, and for obstetrical analgesia during labor. 


CONTRAINDICATIONS 
NUBAIN should not be administered to patients who are hypersensitive to it. 


WARNINGS 


Drug Dependence NUBAINhas been shown to have alow abuse potential which is approximate to 
that of pentazocine. When compared with drugs which are not mixed agonist-antagonists, it has been 
reported that nalbuphine's potential for abuse would be less than that of codeine and propoxyphene. 
Psychological and physical dependence and tolerance may follow the abuse or misuse of nalbuphine. 
Therefore, caution should be observed in prescribing it for emotionally unstable patients, or for 
individuals with a history of narcotic abuse. Such patients should be closely supervised when long- 
term therapy is contemplated. 

Care should be taken to avoid increases in dosage or frequency of administration which in 
Susceptible individuals might result in physical dependence. 

Abrupt discontinuation of NUBAIN following prolonged use has been followed by symptoms of 
narcotic withdrawal, i.e., abdominal cramps, nausea and vomiting, rhinorrhea, lacrimation, 
restlessness, anxiety, elevated temperature and piloerection. 


Use in Ambulatory Patients | NUBAIN may impair the mental or physical abilities required for the 
performance of potentially dangerous tasks such as drivi ng a car or operating machinery. Therefore, 
NUBAIN should be administered with caution to ambulatory patients who should be warned to avoid 
such hazards. 


Use in Emergency Procedures Maintain patient under observation until recovered from 
NUBAIN effects that would affect driving or other potentially dangerous tasks. 


Use in Children Clinical experience to support administration to patients under 18 years is not 
available at present. 


Use in Pregnancy (other than labor) Safe use of NUBAIN in pregnancy has not been 
established. Although animal reproductive studies have not revealed leratogenic or embryotoxic 
effects, nalbuphine should only be administered to pregnant women when, in the judgement of the 
physician, the potential benefits outweigh the possible hazards. 


Use During Labor and Delivery NUBAIN can produce respiratory depression in the neonate. It 
should be used with caution in women delivering premature infants. 


Head Injury and Increased Intracranial Pressure The possible respiratory depressant effects 
and the potential of potent analgesics to elevate cerebrospinal fluid pressure (resulting trom 
vasodilation following CO, retention) may be markedly exaggerated in the presence of head injury, 
intracranial lesions or a pre-existing increase in intracranial pressure. Furthermore. potent analgesics 
can produce effects which may obscure the clinical course of patients with head injuries. Therefore, 
NUBAIN should be used in these circumstances only when essential, and then should be administered 
with extreme caution. 


Interaction With Other Central Nervous System Depressants Although NUBAIN possesses 
narcotic antagonist activity, there is evidence that in nondependent patients it will not antagonize a 
narcolic analgesic administered just before, concurrently, or just after an injection of NUBAIN 
Therefore. patients receiving a narcotic analgesic, general anesthetics, phenothiazines. or other 
tranquilizers, sedatives, hypnotics, or other CNS depressants (including alcohol) concomitantly with 
NUBAIN may exhibit an additive effect. When such combined therapy is contemplated, the dose of one 
or both agents should be reduced 


IT CAN CHANGE THE WA 
YOU THINK ABOUT 
POTENT ANALGESICS 


PRECAUTIONS 


Impaired Respiration A! the usual adult dose of 10 mg/70 kg, NUBAIN causes some respirato 
depression approximately equal to that produced by equal doses of mosphine. However, in contrast 
rrorphine, respiratory depression is not appreciably increased wit higher doses of NUBAN 
Respiratory depression induced by NUBAIN can be reversed by NARCFN ® (naloxone hydrochlorid 
wien indicated. NUBAIN should be administered with caution at low deses to patients with impaire 
respiration (e.g., from other medication, uremia, bronchial asthma, severe infection, cyanosis 
respiratory obstructions). 


Impaired Renal or Hepatic Function Because NUBAIN is metab lized in the liver and excreta 
by the kidneys, patients with renal or liver dysfunction may overreact to Customary doses. Therefore, 
these individuals, NUBAIN should be used with caution and administered in reduced amounts. 


Myocardial Infarction As with all potent analgesics, NUBAIN snould be used with cautic 
In patients with myocardial infarction who have nausea or vomiting. 


Biliary Tract Surgery As with all narcotic analgesics, NUBAIN should be used with caution 
p&ients about to undergo surgery of the biliary tract since it may cause s3asm of the sphincter of Odt 


ADVERSE REACTIONS 


The most frequent adverse reaction in 1066 patients treated with NU3AIN is sedation (381, 36% 

Less frequent reactions are: Swealy/clammy (99, 9%), neusea/vomiting (68, 6% 
diziness/vertigo (58, 596), dry mouth (44, 4%), and headache (27, 3%). 

Other adverse reactions which may occur (reported incidence of 1% or less) are: 


CBS Effects nervousness, depression, restlessness. crying, euphor a, floating, hostility, unusue 
dreams, confusion, faintness, hallucinations, dysphoria, feeling of hezviness, numbness, tingline 
urrealily. The incidence of psychotomimetic effects, such as unreality, cepersonalization, delusione 
dysphoria and hallucinations has been shown to be less than that whic occurs with pentazocine. 


Cardiovascular Hypertension, hypotension, bradycardia, tachycarcia. 
Gestrointestinal Cramps, dyspepsia, bitter taste. 

Respiration Depression, dyspnea, asthma. 

Dermatological Itching, burning, urticaria. 

Miscellaneous Speech difficulty, urinary urgency, blurred vision, flushing and warmth. 


DOSAGE AND ADMINISTRATION 


“he usual recommended adult dose is 10 mg for a 70 kg individual, administered subcutaneous ie 
intramuscularly or intravenously: this dose may be repeated every 3 to 6/hours as necessary. Dosa 
shculd be adjusted according to the severity of the pain, physical status of the patient, and oth 
medications which the patient may be receiving. (See Interaction with Other Central Nervous Syste 
Depressants under WARNINGS.) In non-tolerant individuals, the recommended single maximum do 
is Æ mg, with a maximum total daily dose of 160 mg. 


Pasients Dependent on Narcotics Patients who have been takin} narcotics chronically m 
experience withdrawal symptoms upon the administration of NUBAIN. If unduly troublesome, narcot 
witdrawal symptoms can be controlled by the slow intravenous administ ation of small increments 
mo«phine, until relief occurs. If the previous analgesic was morphine, meperidine, codeine, or oth 
nareotic with similar duration of activity, one-fourth of the anticipated dose of NUBAIN can W 
adr inistered initially and the patient observed for signs of withdrawal, i.e. abdominal cramps, nause 
andwomiting, lacrimation, rhinorrhea, anxiety, restlessness, elevation of temperature or piloerection 
unteward symptoms do not occur, progressively larger doses may be tried at appropriate intervals une: 
the desired level of analgesia is obtained with NUBAIN. 


Maiagement of Overdosage The immediate intravenous administration of NARCAN 
(nal axone hydrochloride) is a specific antidote. Oxygen, intravenous fluids, vasopressors and othe 
SUD :0rtive measures should be used as indicated. 

The administration of single doses of 72 mg of NUBAIN intramuscula ly to eight normal subjec 
has deen reported to have resulted primarily in symptoms of sleepiness «nd mild dysphoria. 


HOW SUPPLIED 


NUBAIN® (nalbuphine hydrochloride) injection for intramuscular, subcutaneous, or intravenot 
use 10 mg/ml) is available in: 

NOC #0056-0385 10 mg/ml, 1 mi ampuls (box of 10) 

NOC #0056-0384 10 mg/ml, 2 ml ampuls (box of 10) 

NOC #0056-0386 10 mg/ml, 10 ml vials 

Each ml contains 10 mg nalbuphine hydrochloride, 0.1% sodium chlo ide, 0.94% sodium € 
1.26% citric acid anhydrous, 0.1% sodium metabisulfite, and 0.2% of a 9:1 mixture of methylpara 
and »ropylparaben as preservative: pH is adjusted with hydrochloric acid 
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Subsidiary of the DuPont Company 
Garden City, New York 11530 scones 
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‘Kissing’ Duodenal Ulcers 


Bruce E. Stabile, MB; Henry J. Hardy, MD; Edward Passaro, Jr, MD 


e Among 70 cases of perforated duodenal ulcers treated by 
plication, eight were complicated by massive postoperative 
hemorrhage from a syncronous posterior "kissing" duodenal 
ulcer. Critical analysis revealed that only signs of gastrointesti- 
nal (GI) bleeding precperatively had predictive value for postop- 
erative hemorrhage. Twenty-four patients had one or more 
predictive signs, and eight actually bled postoperatively. There 
was a 50% mortality and 75% additional complication rate for the 
bleeders. In contrast the nonbleeders had a mortality and a 
complication rate of aniy 18% and 35%, respectively. There was 
no observed superiorty of either surgical or medical treatment 
for postoperative hemorrhage. In perforated duodenal ulcer with 
evidence of GI blood less, an intraoperative search for a poste- 
rior kissing ulcer is recommended. If a kissing ulcer is found, an 
acid-reducing operation and suture ligation of the ulcer is 
indicated. 

(Arch Surg 114:1153-1156, 1979) 


Ate perforated peptic ulcer is infrequently accompa- 
nied by majorupper gastrointestinal (GI) tract bleed- 
ing. Occasionally. massive hemorrhage occurs in the early 
postoperative pericd following simple plication for perfo- 
rated duodena! ulcer. Recent experience with a case of 
perforated duodenzl ulcer treated by plication and compli- 
cated by massive postoperative hemorrhage from a 
synchronous postemer “kissing” duodenal ulcer led to this 
review. The zoals ef the study were (1) to determine the 


incidence of kissing duodenal ulcers, (2) to determine the 


morbidity and mertality from the associated bleeding 
duodenal ulcer, (2) o determine which preoperative factors 
prediet postoperative hemorrhage, and (4) to define a 
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therapeutie approach that would help prevent postopera- 


tive hemorrhage. 


PATIENTS AND METHODS 


Seventy patients with acute perforated duodenal ulcers treated 
by simple plication at the Veterans Administration Wadsworth 
and UCLA Medical Centers between 1970 and 1977 made up the 
study group. A retrospective review revealed eight instances 
where the postoperative course was complicated by massive 
hemorrhage from a documented synchronous posterior kissing 
duodenal ulcer. The bleeding episodes followed perforation closure 
by an average of 6.8 days, with a range of one to 17 days. Four of 
the eight cases were diagnosed on endoscopy, two at reoperation 
for bleeding, one on roentgenographic examination of the upper 
GI tract, and one at autopsy. Patients who bled from stress-related 
erosive gastritis, esophagogastric varicies, or other lesions were 
excluded. 

The eight patients with postoperative bleeding from posterior 
kissing ulcers were compared with the 62 patients without postop- 
erative bleeding with respect to age, duration of ulcer disease, 
history of previous ulcer bleeding, associated diseases, medica- 
tions, known bleeding diatheses, presence of shock preoperatively, 
initial hematocrit level, results of blood coagulation studies, 
evidence of GI bleeding preoperatively, and estimated time lapse 
from perforation to operation. A critical analysis of these preoper- 
ative factors was carried out in an attempt to define which factors 
were predictive for postoperative hemorrhage. Statistical signifi- 
cance was determined using the x? test. In addition, postoperative 
bleeding was analyzed for methods of treatment and associated 
morbidity and mortality. 


RESULTS 


Average age for the eight patients with postoperative 
bleeding from a posterior kissing ulcer was 65.9 years, as 
compared with 69.2 years for the 62 patients without the 
complication. The difference was not significant (P > .05). 
Three of the eight bleeders had a history of ulcer disease 
lasting more than one year and two had had previous ulcer 
bleeding episodes. Twenty-one of the 62 patients without 
postoperative hemorrhage had an ulcer history lasting 
more than one year, while six of these had had previous 
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Table 1.—Correlation of Preoperative Factors 
With Postoperative Hemorrhage 







Patients 











Patients With Without 
Postoperative Postoperative 
Hemorrhage Hemorrhage 
Preoperative (N = 8) (N = 62) 
Factor No. (%) No. (%) P 









Age, more than 65 yr 4 (50) 27 (44) NS 


Ulcer of more 
than 1 year's 















duration 3 (38) 21 (34) NS 
episodes 2 (25) 6 (10) NS 
< 35% 2 (25) 13 (21) NS 







3 
Hematemesis or 
positive nasogas- 
tric aspirate 3 (38) 3 (5) 
Melena 2 (25) 1 (2) 


< .02 
< .05 
< .02 








Guaiac-positive 
stool 


6 (75) 14 (23) .0 













- 


Table 3.—Complications After Closure 


of Perforated Duodenal Ulcer 





Patients With 
Postoperative 
Hemorrhage 


Patients Without 
Postoperative 
Hemorrhage 

(N = 8) (N = 62) 

Complication No. (%) No. (%) 


hemorrhage 8 (100) 0 
1 (12) 2 (3) 


Renal failure 


Cerebrovascular 
accident 0 2 (3) 


Pneumothorax 1 (12) 0 


Urinary tract 
infection 1 (12) 0 


bleeding episodes. These differences were not significant. 
Many of the patients in both groups had associated 
illnesses including organic heart disease, chronic obstruc- 
tive pulmonary disease, diabetes mellitus, various malig- 
nancies, and chronic alcoholism with and without known 
hepatic cirrhosis. However, there were no significant 
differences between the two groups of patients with 
respect to associated illnesses or medications. 

The lapse between the presumed time of perforation and 


the time of operation was similar in both groups and 


ranged from two to 12 hours in the patients with postoper- 
ative bleeding and from two hours to three days in the 
patients without bleeding. Three patients in the bleeder 
group and 12 in the nonbleeder group had clinical shock at 
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Table 2.—Deaths After Closure of 
Perforated Duodenal Ulcer 









Patients With Patients Without 










Postoperative Postoperative 
Hemorrhage Hemorrhage 
(N = 8) (N = 62) 
Cause of Death No. (%) No. (%) 





Hemorrhagic shock 2 (25) 0 


Hemorrhage requiring 
reoperation, followed 
by bowel infarction 


Hemerrhage requiring 
recperation, followed 
by sepsis 


4 (50) 11 (18) 






1 (12) 0 






1 (12) 0 














Total l 





Table 4.—Reported Cases of Hemorrhage 
Following Closure of Perforated Ulcer 










Postoperative Fatal 



















No. of Hemorrhage Hemorrhage 
Source, yr Cases No. (%) No. (%) 

Barrow et al,* 1958 98 9 (9) 5 (56) 
Shippey and Amerson,’ 

1965 192 3 (2) 0 
Burcette and Rasmus- 

sen ’ 1968 77 11 (14) 0 
Maynerd et al,? 1968 105 3 (3) 0 
Rees at al,’ 1970 183 11 (6) 4 (36) 





Wangensteen et al,” 
1972 131 1 (1) 0 


McDoaough and Foster," 
1972 187 3 (2) 1 (33) 
Stabile et al, 1979 70 8 (11) 4 (50) 










the time of initial evaluation. This difference was not 
signifieant. The initial hematocrit level of the patients 
with postoperative bleeding varied from 30% to 52%, with a 
mean of 40%, while a similar variability and a mean of 43% 
was seen in the patients without bleeding. There were no 
significant differences in history of bleeding disorders or 
in blood coagulation parameters. 

Two patients who bled postoperatively had hematemesis 
of guaiac-positive coffee-ground material during the 
initial evaluation, and a third patient had similar material 
on initial gastric aspiration. One of the patients with 
hematemesis also had a melanotic stool, and one patient 
who bled postoperatively had melena at the time of 
admission without other evidence of upper GI bleeding. 
Three patients without any additional evidence of GI 
bleeding had strongly positive tests for occult blood in the 
stool. In all, seven (88%) of the eight patients who had 
massive hemorrhage postoperatively had evidence of GI 
bleeding preoperatively. In comparison, only three of the 
62 patients without postoperative bleeding had hemateme- 
sis or blood in the initial gastric aspirate and only one had 
melena on admission, while 13 had a positive test for occult 
blood in the stool. Of the 62 patients without postoperative 
hemorrhzge, 17 (27%) had signs of bleeding preoperatively. 
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These differences in evidence for preoperative bleeding 
between those with and those without postoperative 
hemorrhage were sigrificantly different (P < .05) (Ta- 
ble 1). 

Review of zhe operative records of the 70 patients 
revealed no difference in the method of treatment for 
those who later bled as compared with those who did not. 
All were treated with preoperative antibiotics, limited 
upper abdominal exploration, and simple plication of the 
perforated ulcer with cr without an omental patch. None 
underwent vagotomy, pyloroplasty, gastrojejunostomy, or 
gastric resection. Three who bled postoperatively had 
grossly infected peritoneal fluid at the initial operation, 
while 18 of those without postoperative bleeding had a 
similar finding. The diference was not significant. 

Of the eight patients who bled postoperatively, four died. 
In contrast, 11 (18%) of the 62 patients without postop- 
erative bleeding died (Table 2). All deaths in the group 
with postoperative bleeding were directly or indirectly 
attributable to the bleeding episode. Two patients died of 
hemorrhagic shock without undergoing reoperation. Two 
others mnderwent reeperation to control bleeding but 
subsequently died of bowel infarction and sepsis, respec- 
tively. In the 11 patients who died without postoperative 
bleeding, the most ecmmon cause of death was sepsis, 
followed by pneumon.a and myocardial infarction. Only 
one patient had poszoperative reperforation, and this 
patient died of septic complications. Six of the patients 
with postoperative bleeding had additional postoperative 
complications, while 22 (35%) of the patients without 
bleeding had postoperative complications. The eight 
patients who bled had an average of 2.9 complications per 
patient, while the 62 patients who had no bleeding postop- 
eratively had an average of 0.5 complications per patient. 
While septic complications predominated in both groups, 
pulmonary and cardiac problems also were common (Table 
3). 

Twenty-four (34%) of the 70 patients with perforated 
duodenal ulcer were found to have one or more of the 
predictive signs (ie, hematemesis, positive gastric aspirate, 
melena, guaiae-positive stool) for postoperative bleeding at 
the time of initial preoperative evaluation. Seven of the 
eight patienzs who bled postoperatively had one or more of 
these signs. The single patient who bled postoperatively 
without preoperative indication was an 84-year-old man 
who underwent simple plication of a perforated duodenal 
ulcer, bled massively on the third postoperative day from a 
215-cm, endoseopically proven posterior duodenal ulcer, and 
underwent emergency vagotomy and pyloroplasty and 
stickti» of the ulcer. Postoperative developments in this 
patient included cardiogenie shock, bilateral lower extrem- 
ity gangrere, and infarction of the entire small bowel, 
which resulted in death. 

Of the 15 deaths fer the entire series, four were directly 
or indirectly attributable to postoperative bleeding. 
Although the mean age of patients with and without 
postoperative bleeding was similar, the mean age for those 
who died as a result of postoperative bleeding was 75.7 
years. compared with 56.1 years for those who bled and 
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survived and 63.3 years for patients who died of other 
causes. The four patients without fatal postoperative 
bleeding received an average of 8.8 units of blood transfu- 
sion, while the four survivors received an average of only 
4.8 units. Four of the eight patients underwent emergency 
operations for control of hemorrhage, with two postopera- 
tive deaths. Similarly, there were two deaths among the 
four patients treated nonoperatively. 


COMMENT 


The results of this study indicate that eight of 70 
patients (11%) with perforated duodenal ulcer treated by 
simple plication had postoperative hemorrhage from a 
synchronous posterior kissing duodenal ulcer. Although 
this problem has been mentioned anecdotally by others," 
the incidence in this series was slightly higher than in most 
(Table 4). Because postoperative bleeding may be more 
common than previously appreciated, a well-planned 
approach to its prevention and management is important. 
This is particularly true in view of the 50% mortality from 
this complication. The analysis of preoperative factors for 
a simultaneous posterior penetrating duodenal ulcer 
showed that only signs of bleeding have predictive value. 
Thus only hematemesis, blood in the initial gastric aspi- 
rate, melena, or positive guaiac reaction for blood in the 
stool correlated positively with massive bleeding following 
plication of the anterior perforated ulcer. Patient age, 
length of ulcer history, previous bleeding episodes, medica- 
tions, hematocrit level, results of coagulation studies, and 
presence of shock had no predictive value. 

Eleven of the 82 patients (18%) without postoperative 
bleeding died too. This relatively high mortality is diffi- 
cult to compare with rates from other series because of 
patient selection. Most of our study patients were elderly 
(a meàn age of 69 years), since many young patients with 
perforation and a prior history of ulcer disease had had 
definitive surgery and were excluded from the study. 
Furthermore, many of our patients experienced their 
perforations while in the hospital, after having been 
admitted for other serious illnesses. 

Since one third of the patients were found to have one or 
more of the predictive signs for postoperative bleeding and 
only 11% actually bled, it is apparent that most patients 
with predictive signs did not bleed postoperatively. On the 
other hand, one third of those with a predictive sign did in 
fact bleed, and this incidence warrants formulation of a 
detailed preoperative and intraoperative treatment plan. 
Of obvious importance is the necessity to fully evaluate the 
patient's condition for the presence of GI bleeding when 
the patient is initially seen. If preoperative GI bleeding has 
been present, it is imperative that a thorough intraopera- 
tive examination of the duodenum be made to detect the 
presence of a posterior kissing ulcer. Only rarely will the 
perforation itself be large enough to allow adequate obser- 
vation or digital palpation of the posterior duodenal wall. 
When observation or digital palpation is possible, however, 
a kissing posterior ulcer may be found in this way. If the 
perforation is too small for this to be done and predictive 
signs for postoperative bleeding (preoperative GI bleed- 
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ing) are present, it is recommended that the perforation be 
enlarged to permit visualization and palpation of the 
posterior duodenal wall. The posterior bulb and pyloric area 
can easily be evaluated in this manner, and safe closure of 
the perforation is rarely, if ever, jeopardized. Additionally, 
intraoperative per oral fiberoptie gastroduodenoscopy may 
be useful in determining the presence of a posterior 
ulcer. 

In recent years there has been a trend toward per- 
forming acid-reducing ulcer operations in patients with 
perforated duodenal uleer who are at high risk for ulcer 
persistence or recurrence. Generally, such patients are 
middle-aged men with a three-month or longer ulcer 
history. Following simple closure, this group of patients 
may have a 60% or greater incidence of severe recurrent 
ulcer problems warranting later definitive ulcer surgery." 
It has been recommended that such patients have defini- 
tive ulcer operations at the time of perforation if no gross 
peritoneal sepsis is present and the patient is an aeceptable 
risk. Mortality with this approach has been no greater and, 
in most instances, is less than that for patients treated by 
simple plication.'?^* It would seem appropriate to recom- 
mend a similar but even more aggressive approach for 
patients with perforated duodenal ulcer who are found on 
careful examination to have a. posterior kissing ulcer. To 
prevent postoperative bleeding, it is suggested that such 
patients undergo acid-reducing procedures such as vagoto- 
my and pyloroplasty,'*? vagotomy and antrectomy,'^'' or 
parietal cell vagotomy.'*'* Regardless of which procedure 
is used, it is imperative that the posterior ulcer be suture 
ligated, whether or not the ulcer is actively bleeding. 

Since many surgeons currently are utilizing acid-reduc- 
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ing eperations in patients with perforated ulcer, 
undoubtedly some patients with potentially bleeding 
posterior ulcers are being treated unknowingly. The elder- 
ly patient who is very ill from his perforation is the patient 
likely to have a fatal postoperative hemorrhage from the 
posterior kissing ulcer. Preoperative endoscopy is usually 
not efficacious in this group of elderly patients, since the 
insufflation of air may cause additional intraperitoneal 
spillage of duodenal contents. Although a conservative 
approach—simple plication—is usually adopted in this 
group of high-risk patients, it may be inadequate in these 
circumstances and should be questioned whenever a poste- 
rior ulcer is found, regardless of the patient's age. In the 
elderly patient with gross sepsis, simple suture ligation of 
the posterior ulcer and plication of the anterior ulcer only 
may be indicated. Cimetidine may be useful in these 
patients, as it has been shown to be effective in oreventing 
and ameliorating the bleeding associated with peptic ulcer 
disease” and stress gastritis.” - | 

The lethality of kissing duodenal ulcers makes it imper- 
ative that they be sought for intraoperatively if the patient 
has any predictive signs for postoperative bleecing at the 
time of initial presentation. If the intraoperative search 
confirms the presence of a posterior ulcer, an aggressive 
surgical approach will be necessary to avoid the fatal 
outcome so common with this lesion. 


Nonproprietary Name and 
Trademark of Drug 


Cimetidine—Tagamet. 
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Massive Lower Gastrointestinal Bleeding 


From Intestinal Varices 


Samuel E. Wilson, MD; Richard T. Stone, MD; John P. Christie, MD; Edward Passaro, Jr, MD 


* Lower gastrointestinal bleeding from intestinal varices 
cannot readily be detected at operation; hence, preoperative 
identification is important. Our experience with six patients 
having sudden, massive bleeding per rectum from intestinal 
varices suggests a group of common findings. These patients 
had cirrhosis, no blood in the stomach or duodenum, character- 
istic mucosal imprints on barium enema, or direct visualization 
of varices on sigmoidoscopy or colonoscopy. Only two had 
demonstrable esophageal varices. The diagnosis was confirmed 
and the site of the varices localized on the venous phase of 
selective mesenteric angiography in five patients. Varices were 
located in the duodenojejunum in two, in the cecum and ascend- 
ing colon in two, and in the rectum and sigmoid colon in two 
patients. Three patients were treated nonoperatively with trans- 
fusion and intraarterial infusion of vasopressin into the superior 
mesenteric artery; one died. One patient with cecal varices had a 
right hemicolectomy that controlled the bleeding, but progres- 
sive hepatic failure resulted in postoperative death. The remain- 
ing two patients had successful decompression of left colonic 
varices by portasystemic shunt. 

(Arch Surg 114:1158-1161, 1979) 


ups lower gastrointestinal (GI) bleeding from 
intestinal varices is rare but often lethal. Unsus- 
pected extraesophageal varices are virtually impossible to 
find at operation; hence, successful management is contin- 
gent on preoperative identification. Our experience with 
six patients with massive lower GI tract bleeding from 
intestinal varices suggests a group of common findings. 
This report defines the characteristic clinical pattern that 
suggests the diagnosis, and recommends appropriate diag- 
nostic procedures and a method of surgical management. 
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REPORT OF CASES 


During the three years 1976 through 1978, a total of 399 patients 
with esophageal varices were treated at a university and Veterans 
Administration hospital. Five patients (1.6%) had bleeding from 
extraesophageal varices. An additional patient (No. 5) vas seen in 
a community hospital. The six cases are summarized in Table 1. 

Case 1.—A 73-year-old woman was hospitalized for melena and 
intermittent, bright-red rectal bleeding of one year’s duration. 
Upper GI tract x-ray film series, barium enema, proctosigmoidos- 
copy, and bone marrow biopsy all gave normal findings. A liver 
biopsy specimen showed postnecrotie cirrhosis. There were hepa- 
tosplenomegaly and pitting edema of the lower extremities. 
Laboratory data included a hematocrit value of 33 vol% The chest 
roentgenogram showed moderate congestive heart failure. Shortly 
after admission, the patient started to pass large amounts of 
burgundy-colored blood. Emergency superior mesenteric arterio- 
gram showed tortuous varices in the jejunum. The inferior vena 
cava and hepatic pressures were 5 mm Hg, and the hepatic wedge 
pressure was 20 mm Hg. After transfusion of 1,000 mL of whole 
blood, bleeding stopped spontaneously. The patient’s cardiac fail- 
ure responded well to diuretics and digoxin. Although guaiac- 
positive stools and melena have again been noted, massive bleed- 
ing has not recurred after one year. 

CasE 2.-A 64-year-old man had melena that prozressed to 
massive, dark-red rectal bleeding. He was a chronic alcoholic, had 
hepatosplenomegaly and ascites, but no jaundice. The serum 
albumin level was 2.8 mg/dL; total bilirubin level, LO mg/dL; 
hematocrit, 26 vol%; and platelets, 72,000/cu mm. A liver biopsy 
specimen ebtained during a previous admission had shewn severe 
Laénnec’s cirrhosis. Endoscopy showed only “gastric tube erosion” 
and nonbleeding gastroesophageal varices. On the fifth hospital 
day, he began passing large quantities of maroon-colored blood per 
rectum. Endoscopy to the fourth portion of the duod2num now 
showed multiple duodenal and jejunal varices that weve actively 
bleeding. Gastroesophageal varices again were not b eeding. A 
superior mesenterie arteriogram confirmed the duodenojejunal 
varices. The patient underwent emergency end-to-side portacaval 
shunt, resulting in a decrease in portal venous pressure from 38 to 
22 cm of saline. The postoperative course was unremarkable, and 
he has had no further bleeding at 18 months. 

Case 3.—A 48-year-old woman had a 12-hour history of bright- 
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red rectal bleeding. She had a ten-year history of aleoholism 
characterized by intermittent jaundice and confusion. Spider 
angioma:a, pa mar erythema, and hepatosplenomegaly were all 
present on physical examination. Red blood was present en rectal 
examination. Serum bilirubin level was 2.0 mg/dL; albumin level, 
3.0 mg/dL; hematocrit, 35 vol%; and prothrombin time, 21 s 
(contrel, 14 si. On sigmoidoscopy, the colon was filled with 
blood proximal to 25 em ?rom the anus. There were no esophageal 
varices or other lesions on gastroscopy. Angiography showed 
massive right colonic varices, but no definite bleeding point was 
noted. The superior mesenteric, splenic, and portal veins were 
patent. No gestroesophageal varices were seen. Infusion with 
vasopressin (Fitressin) via the superior mesenteric artery tran- 
siently slowed the bleeding, but hepatic coma ensued and the 
patient died. Autopsy confirmed active Laénnec's cirrhosis as the 
cause of the portal hypertension. Massively dilated, tortuous, right 
colic varices with saceules up to 2 cm in diameter were the source 
of lower GI tract bleeding (Fig 1). 

Case 4.—A 59-year-okl man was admitted with a three-day 
history of herratochezia. The patient was an alcoholic with known 
cirrhosis; an episode of bleeding esophageal varices had been 
treated two years previously. On physical examination, mild 
ascites, jaundice, and 3epatomegaly were noted. Prothrombin 
time was 16.5 s (contrel, 12 s); albumin level, 2.1 mg/dL; and 
bilirubin level. 3.5 mg/1L. A prior liver biopsy specimen had shown 
severe Laénnec's cirrhosis. Barium enema suggested varices of the 
cecum (Fig 2). On upper SI tract endoscopy, the esophageal varices 
were net bleeding. Sigmoidoscopy was limited because of bright 
red blood originating above the 25-cm level. Visceral angiography 
showed varices of the eecum and ascending colon. The superior 
mesenteric artery catheter was left in place for intra-arterial 
vasopressin irfusion. The superior mesenteric, splenic, and portal 
veins were patent. Bleeding continued and the patient required 
operation to prevent exsanguination. Although a right hemicolec- 
tomy controlled bleeding, progressive liver failure and hepatorenal 
syndrome developed, and the patient died on the tenth postopera- 
tive day. 

Case 5.—A 63-year-clc woman with known postnecrotie cirrhosis 
had anemia and hematcchezia. There was no blood in the esopha- 
gus or stomach. Bleedirg ceased spontaneously after transfusion 
of 1,00€ mL of blood. Sigmoidoscopy gave normal findings, but 
barium enema disclosed a 1-em "polypoid mass" in the sigmoid 
colon. Colonoscopy showed extensive submucosal varices begin- 
ning at the splenic flexure and involving the descending and 
sigmoid colons. The polypoid mass in the sigmoid was, in fact, a 
projecting varix. No further treatment was instituted. Although 
the patient centinues t» have guaiac-positive stools and anemia, 





major bleeding has not resumed at two years. 

Case 6.—A 62-year-old man, a chronic alcoholic for more than 20 
years, complained of passing large amounts of bright-red rectal 
blood for two days. Physical examination disclosed minimal ascites 
and mild icterus. There was no blood on gastric aspiration. 
Hematocrit value was 19 vol%; prothrombin time, 17 s (control, 12 
s); albumin level, 26 mg/dL; and bilirubin level, 2.9 mg/dL. 
Sigmoidoscopy showed nonbleeding internal hemorrhoids, with 
red blood filling the rectal ampulla. A large submucosal venous 
sinusoid was seen at 10 cm, clearly above the internal hemorrhoids. 
Angiogram showed a dilated inferior mesenteric vein and varices 
of the left colon (Fig 3). Colonoscopy confirmed varices of the 
sigmoid and descending colon. Bleeding continued and, at opera- 
tion, massively dilated varices of the inferior mesenteric vein were 
present in the sigmoid mesocolon. Portal venous pressure was 36 
cm of saline initially, decreasing to 21 cm of saline after decom- 
pression by a side-to-side central splenorenal shunt (Fig 4). The 
patient has remained asymptomatic for one year. 


COMMENT 


In more than 80% of patients, the source of massive 
lower gastrointestinal bleeding is either pancolonic diver- 
ticula or angiodysplasia of the cecum and ascending colon. 
By reporting our experience with these six patients in 
whom the lower GI tract bleeding was due to varices, we 
wish to emphasize the diversity of lesions causing hemato- 
chezia, and, consequently, the necessity for accurate preop- 
erative identification. 

Bleeding due to portal hypertension most commonly 
occurs from gastroesophageal varices. Clinical reports, 
however, indicate that bleeding varices may occur in any 
area of the GI tract, including the stomach,' duodenum,** 
jejunum,’ cecum,** descending colon,’ rectosigmoid," 
and the total colon." Even ileostomy stomas in the cirrhotic 
patient may develop a caput medusae of varices at the 
mucocutaneous junction due to the enlargement of 
portasplenie venous anastomotic vessels." In our 
patients, the intestinal varices were located in the duode- 
num and jejunum (two), the cecum and ascending colon 
(two), and the descending and sigmoid colon (two). 

The overall incidence of symptomatic extraesophageal 
varices is unknown but can be approximated. Colonic 
varices were noted as a source of bleeding in two patients 
among 2,912 consecutive adult autopsies for an incidence of 


Table 1.—Clinical Data: Lower Gastrointestinal Bleeding From Intestinal Varices 


Patient / Esophageal Cause of Diagnostic 
Age, yr/Sex Site Varices Portal Hypertension Test Treatment Outcome 
1/73/F Jejunoileal No Postnecrotic cirrhosis SMA* arteriogram Medical Alive at 1 yr 
2/64/M Ducdenojejunal Yes Laénnec's cirrhosis Endoscopy, SMA Portacaval Alive at 18 
arteriogram shunt mo : 
3/48/F Right colon No Laénnec's cirrhosis SMA arteriogram Medical Died at 5 
days 
4/59/M Cecum Yes Laénnec's cirrhosis SMA arteriogram, Right Died 10 days 
barium enema colectomy after opera- 
tion 
5/63/F Reetcsigmoid No Postnecrotic cirrhosis Colonoscopy, Medical Alive at 2 yr 


6'62/M Reetcsigmoid 





* Superior mesenteric artery. 
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Laénnec's cirrhosis 


barium enema 


Colonoscopy, SMA 
arteriogram 


Splenorenal 
shunt ` 


Alive at 1 yr 
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0.0795.» This incidence is probably close to the overall figure 
since 25 (81%) of 31 reported cases of intestinal varices 
were located in the colon." 

Several mechanisms have been proposed to explain the 
formation of submucosal varices in the small intestine and 
colon. In patients without cirrhosis, a congenital anomaly 
of the venous system has been suggested by both Lopata 
and Berlin'? and Levy et al. Such a vascular anomaly has 
never been observed clinically, so this explanation remains 
conjectural. Mesenteric vein thrombosis or obstruction is a 
plausible reason for localized intestinal venous hyperten- 
sion. Burbige et al* noted varices formed at the splenic 
flexure due to splenie vein thrombosis, a consequence of 
previous pancreatitis. Congestive heart failure with 
chronic passive congestion of the liver and mesenteric 
venous hypertension was thought to have produced conges- 
tion, hyperemia, and marked dilation of the submucosal 





Fig 1.—Case 3. Cecal wall. Submucosa is filled with massively 
dilated venous channels (hematoxylin-eosin, original magnifica- 
tion x 10). 





Fig 2.—Case 4. Barium enema 
illustrates varices in cecum. 


inferior mesenteric vein. 
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Fig 3.—Case 6. Visceral angiography 
shows patent splenic and portal vein, 
with dilation and varices (arrow) of 


cecal veins in a patient who died after four episodes of 
lower intestinal bleeding.’ Although this etiology has not 
been confirmed in other patients with colonic varices, it 
may have been a contributory cause of the mesenteric 
venous hypertension in our second patient, 

Surgeons have been reluctant to ascribe the bleeding of 
colonie and jejunal varices to portal hypertension, primari- 
ly because severe rectal bleeding rarely occurs from the 
frequently observed hemorrhoidal varices of the cirrhotic. 
Nevertheless, of the 15 patients with colonic varices 
collected by Doberneck and Janovski,^ ten had cirrhosis 
and one had fibrosis of the portal vein. Portal hyperten- 
sion, therefore, presumably existed in at least 11 of their 
patients; in seven, manometry confirmed the increased 
mesenteric venous pressure. Portal hypertensicn second- 
ary to cirrhosis appears to be responsible for the formation 
of intestinal varices in all six of our patients. 

Four of the six had no variceal involvement of the 
gastroesophageal junction. The absence of esophageal var- 
ices in patients with portal hypertension and colonic 
varices is best explained by a lack of collateral communica- 
tion from the portal and coronary veins to the azygous 
vein. This lack of collaterals has been noted previously.'* 

The management of patients with intestinal varices has 
been marred by both incorrect preoperative diagnosis and 
subsequent operation for upper GI tract bleeding of 
unknown cause. In some patients, bleeding esophageal 
varices, suspected preoperatively, were not found at oper- 
ation, and the source of bleeding was not readily .dentified 
by the surgeon. Bleeding intestinal varices should be 
considered in every patient with known liver disease and 
suspected portal hypertension who has lower gastrointesti- 
nal bleeding. It is imperative that the location and cause of 
bleeding be found prior to operation. Absence of upper 
gastrointestinal bleeding is confirmed by passing a naso- 
gastrie tube into the stomach or by gastroduodenoscopy. 
Gastroduodenoscopy, extended to the fourth portion of the 
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Fig 4.—Case 6. Postoperative splenic arteriogram 
shows patency of splenorenal shunt, flow into vena 
cava, and absence of inferior mesenteric varices. 
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Table 2.—Clinical Reports of Treatment of Intestinal Varices’ 


Site No. of Cases 


Treatment Outcome 


Small intestine Medical 1 alive, 1 died 
Portasystemic shunt (ligation failed in one) 5 alive up to 2 yr 


7 2 ^ 
5 zu 
Cecum and ascendimg colon 9 Medical 3 1 alive, 2 died "T 
Resection 5 5 died 
Portacaval shunt 1 Alive at 1 mo 
* 


Sigmoid colon and rectum 1 Medical 


Portasystemic shunt 
Resection or other procedure 


duodenum, may be a worthwhile examination for small 
intestinal varices; it established the diagnosis in one of our 
patients. Evaluatim should begin with sigmoidoscopy 
because rectosigmosd varices are quite easily identified by 
this method. Wagner et al," however, cautioned that if air 
is insuffated through the sigmoidoscope, the intraluminal 
pressure may eollasse the varices to such an extent that 
they become invisble. Colonoscopy is of limited value 
during the bleeding period, but after cessation of hemor- 
rhage and adequa.e bowel preparation, varices of the 
cecum and ascendirg colon may be identified. 

On barium enema, if the colon is free of blood clots and 
fecal material, variees appear as radiolucencies of the colon 
wall. Again, if the barium is instilled with increased 
pressure, the varices may be compressed and not visual- 
ized. The postevacuation film is likely to be the most 
informative. On occasion, varices of the duodenum and the 
first portion ef the jejunum have been identified on 
sequential barium examination of the small bowel. 
Barium studies shoald not be done on the actively bleeding 
patient, since resicua! barium may confound subsequent 
angiography. 

The essential dzagnostic test is selective mesenteric 
angiography. In fiv» of our six patients, the venous phase 
of the mesenteric arteriogram clearly outlined the varices. 
One sheuld not expect, however, to see contrast material 
extravasate into th» bowel lumen, as the concentration at 





7 alive, 1 died, 2 unknown 
4 alive (2 rebled) 
1 alive, 2 died 


the venous level is usually too diluted for visualization 
within the gut. Splenoportography has not been helpful in 
demonstrating colonic varices. 

We treated three patients with transfusion and intra- 
arterial infusion of vasopressin into the superior mesenter- 
ic artery; one died of continued hemorrhage and liver 
failure. One patient with cecal varices had a right hemico- 
lectomy that controlled bleeding, but died of hepatic 
failure. The remaining two patients had successful decom- 
pression of left colonic and duodenojejunal varices, respec- 
tively, by portasystemic shunts. This small number of 
patients by itself is, of course, insufficient to draw thera- 
peutie conclusions, but when added to the 27 previously 
reported cases, it permits some tentative recommendations 


(Table 2). Medical management is indicated initially and 


should employ vasopressin infusion early, since no tampon- 
ade techniques are applicable. Local control of small intes- 
tinal varices by suture ligation or segmental resection has 
been attempted on nine occasions, failing in eight, with 
seven deaths. All ten patients in whom portacaval shunt 
has been done survived for up to two years. 

On the basis of this collected experience, we would 
propose that bleeding from intestinal varices, severe 
enough to require operation, should be treated by portasys- 
temic shunt. 


D. Byrnes provided editorial assistance. 
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Important option when 
potent parenteral analgesics 
are indicated 


B Standard doses of Stadol are as 
effective in relieving pain as standard 
doses of both morphine “and 
meperidine.” *’ 


W By either I.M. or I. V. route—pro- 
vides prompt onset of analgesia, 
achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


W Distinguished by its favorable side 

effects profile, ^ 7.7* 7 —|low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 


Moderate to severe pain, all doses I. V. 
wmm Butorphonol tartrate 0.5 mg 
=== Butorphanol tartrate 1.0 mg 
mumum Butorphonol tartrate 2.0 mg 
umm Morphine sulfate 
wmm Morphine sulfote 


2.5 mg 
5.0 mg 
IN —116 


Pain relief score 





0 1.0 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and morphine sulfate 


In this study "'... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg." (DelPizzo') 






Morphine 


HO 


and vomiting, and low incidence of 
CNS effects other than sedation. 


E 2 mg. of Stadol produces an order 
of respiratory depression similar to 
that caused by 10 mg. of morphine. 
In contrast to morphine, increasing 
Stadol doses yield greater analgesic 
effect,’ without appreciably increas- 
ing liability for respiratory depres- 
sion.'° 


Unsurpassed pain relief 


3.5 





Moderate to severe pain, alkdoses I.M 

wee Butorphano!l | 39.70 kg 

"wmm Butorphano!l 2 39. 70 kg 

3.0 wmm Butorphanol 4 39.70 kg 
mms Meperidine 40 39g./70 kg 

meme Meperidine 80 1g./70 kg 

N= 104) 

2.5 


2.0 


Pain relief score 


0 1.0 2.0 3.4 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and meperidine hydrochloride 


In moderate to severe pain, butorphanol 
tartrate provided relief “’... that was not 
statistically distinguishable from that 


achieved with 80 mg/70 kg meperidine.” 
(Gilbert et al*) 
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Now...in mod rat tos v r puir 








B The low addictive potential of 
Stadol** is underscored by its narcotic 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effect 


Displacement of PACO, (Torr) 


Placebo 





30 60 750 300 
Log dose (ug./ kg.” 
Log dose PACO, displacement curves 


In this graph based on alveo cr carbon 
dioxide tension (PACO:) mecsurements, 
the flatter the curve, the less respiratory 
depression. “The flat dose-response curve 
...0f butorphanol may indicate that, 
because of its antagonistic p-operties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Nagashima et al/5) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 
piratory depression does not increase ina 
dose-related manner with Stadol, within 
the range of recommended doses. 






closer to 
the ideal 
parenteral 
analgesic 


The following table shows a side-by-side clinical comparison 
of Stadol with both morphine and meperidine. 


Butorphano! 
tartrate 












HO 


Clinical 
pcrameters Meperidine Morphine Stadol 


moderate to moderate to moderate to 
severe pain severe pain severe pain 
Standard I.M. 75-100 mg. 8-10 mg. 2 mg. 
dose (1 to 4 mg.) 
Standard I.V. 50-100 mg. 4—10 mg. 1 mg. 
dose (0.5 to 2 mg.) 
Usual route of I.M./1.V. L.M./I.V. IL.M./I.V. 
administration 












Low physical-dependence liability 


Ke ^ 


a lo* 










Like 
moder- 2 
ately 





Like 
slightly ! 



















Onset of pain 30 minutes 30 minutes less than 30 
pos relief I.M., very I.M., very minutes I.M., 
rapidly I.V. rapidly I.V. very rapidly I.V. 


Like 
a lot 3 



















within 1 hour within 1 hour 
I.M., within I.M., within I.M., within 
30 minutes I.V. | 20 minutes I.V. | 30 minutes I.V. 


Duration of pain | slightly less about 4 hours | 3-4 hours 
relief I.M./I.V. than morphine 

Addicting 

potential 


Respiratory dose-related dose-related limited depres- 
effects depression . depression sion—no appre- 
ciable dose- 
related increase 
within the range 
of recommended 
doses. 


T within 1 hour 
moder- 2 


ately 


Peak analgesic 
activity 






Like 
slightly | 
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initial days om drug 





Preference scores comple-ed by subjects 
during chronic butorphanol tartrate 
administration compared with scores 
from three other croups of subjects re- 
ceiving 30, 120 and 240 mg. of morphine 
daily. (Adapted From Jasinski et al?) 














Data for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 


T BRISTOL LABORATORIES antagonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
BRISTOL | Div. of Bristol-Myers Company ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
Syracuse, New York 13201 pp. 325—339; and from manvfacturer recommendations. 
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fo severe pain... 








INDICATIONS AND USAGE— 

Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 
been shown to be hypersensitive to it. 

WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closely supervised. It is important to avoid in- 
creases in dose and frequency of injections 4 the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain. 
Head injury and increased intracranial pressure: Kithough there is no clinical ex- 
perience in patients with head injury, it can be assumed that Stadol, like other potent 
proua, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in cases of 
head injury can produce effects (e.g., miosis) which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is deemed essential. 

Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute myocardial 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe intec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 

Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater activity from the usual clinical dose, pos- 
sibly the result of decreased metabolism of the drug by the liver. 

Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 

Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 

Usage in labor and delivery: Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 
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ished. 
ADVERSE REACTIONS —The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 

Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling 

ay) roe)" dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness 
12, 1%). 

Other adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS effects: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
aXe: diplopia or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produce some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 
fluids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION —Adults: Intramuscular — The usual recom- 
mended single dose is 2 mg. This may be repeated every three to four hours, as neces- 
sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to four hours as necessary. The effective dotage range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three to four hours. 
Children: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY — Stadol (butorphanol tartrate) Injection for I.M. or I.V. use, 2 mg. per ml., 
2-ml. vial; 1 mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose vial. 
NDC 0015-5644—2 mg. per ml., 2-ml. vials 
NDC 0015-5645—1 mg. per ml., 1-ml. vials 
NDC 0015-5646—2 mg. per ml., 1-ml. vials 
NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 

For information on package sizes available, refer to the current price schedule. 
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Selective Management of 


Subphrenic Abscesses 
Kenneth B. Deck, MD, Thomas V. Berne, MD 


e Although ex'raserous drainage of subphrenic abscesses 
has gained wide acceptance, there is some renewed enthusiasm 
for the more frequent use of a transperitoneal operation because 
it affords the opportunity to discover unsuspected pathologic 
conditions, particularly heterotopic abscess. in 44 patients with 
postoperative subphrenic abscesses, the approach to drainage 
was selected on the basis of the clinical circumstances. Among 
28 patients whose abscesses were drained extraserously, the 
incidence of heteroptic and recurrent abscesses was low. No 
serious complications of peritoneal or wound soilage occurred 
after transperitoneal drainage in 16 patients, yet the problems of 
inadequate drainage and heteroptic abscess were not elimi- 
nated. Celiotomy prior to definitive abscess localization was 
required for 13 patients. Five patients died. The operative 
approach should be based on the clinical assessment of the 
patient and particularly on the probability that multicentric 
intra-abdominal pathologic conditions exist. 

(Arch Surg 114:1165-1168, 1979) 


por subphrenie abscess continues to be a 
problem that plagues the surgeon involved in biliary, 
gastrointestinal (GI) and trauma surgery. The early 
contributions of pathologists and surgeons, reviewed in 
detail by Halliday; have created the foundations of 
modern diagnosis and treatment. Although there remains 
some difference of cpinion regarding the anatomical 
nomenclature of the subphrenic spaces,^* the most impor- 
tant controversy presently centers on the approaches to 
surgical drainage. 

The first successful operative drainage was reported in 
1879 by Volkmann, who resected a portion of the seventh 
rib at the midaxillary line and several days later estab- 
lished drainage. Subsequently, Clairmont and Ranzi® in 
1905 and Ochsner’ in 1958 encouraged extraserous drain- 
age to avoid the consequences of peritoneal or pleural 
contamination. With the advent of antibiotics, several 
authors have advocated a return to transperitoneal drain- 
age via an exploratory celiotomy*” because it offers the 
opportunity to deteet otherwise unsuspected intra-abdomi- 
nal pathologic conditions, particularly synchronous ab- 
scesses. 

Although the more frequent use of exploratory celiotomy 
may avoid overlooking important pathologic conditions, 
the availability of antibiotics has not eliminated the risks 
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of serosal eavity contamination. In addition, newer imag- 
ing methods should allow for more precise preoperative 
localization and identification of multiple abscesses. In 
view of these considerations, the general surgical services 
at the Los Angeles County-University of Southern Califor- 
nia Medieal Center have continued a poliey of deciding 
between extraserous and transperitoneal drainage depend- 
ing on the clinical circumstances. To assess the results of 
such a selective approach, we have reviewed the cases of 
our patients in whom a postoperative subphrenic abscess 
has developed during the last five years (1973 to 1978). 


PATIENTS AND METHODS 


A total of 45 patients with one or more subphrenie abscesses 
proved at the time of operation were selected. A subphrenic 
abscess was defined as a purulent collection occurring below the 
diaphragm and above the transverse colon or mesocolon. There 
were 35 males and nine females. Their ages ranged from 14 to 66 
years, with an average age of 30 years and a median age of 26 
years. The young average age and the sex distribution probably 
reflect the high incidence of trauma in our series of patients. 

The primary abdominal operations that were succeeded by the 
development of subdiaphragmatic abscess are as follows: 


No. (%) 
of Patients 
Celiotomy for trauma 26 (59) 
Appendectomy 6 (13.6) 
Gastric surgery 5 (11.3) 
Pancreatic surgery 4 (9) 
Biliary tract surgery 3 (6.8) 


All patients had been given one or more antibiotics after the 
initial celiotomy. Most noteworthy is the preponderance of opera- 
tions for trauma, which were performed on 26 (59%) patients. 

These 26 patients had traumatic abdominal injuries that 
required operative correction. The specific organ or organs 
involved are as follows: 


No. (%) 
of Patients 

Liver 11 (42) 
Liver, kidney 2 (7.6) 
Liver, intestine 2 (7.6) 
Liver, intestine, kidney 1 (3.8) 
Intestine 2 (7.6) 
Intestine, spleen 2 (7.6) 
Intestine, liver, spleen 2 (7.6) 
Intestine, kidney 1 (3.8) 
Intestine, spleen, kidney, liver 2 (7.6) 
Intestine, kidney, spleen 1 (3.8) 


The most common organ involved was the liver, which was 
involved in 20 (77%) patients. Of these hepatic injuries, 13 of the 20 
did not have an associated hollow viseus injury to account for the 
resultant abscess. The frequent occurrence of subphrenic abscess 
in cases of major hepatic trauma has been previously noted in this 
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institution." There were 11 cases of subphrenic abscesses that 
occurred after splenectomies; seven of the splenectomies were 
done for trauma. Drains were placed in the splenic bed at the time 
of the initial operation in six of these 11 cases. 


RESULTS 


Once the surgeon suspects that a subphrenic abscess may 
be present, confirmation of the diagnosis is often challeng- 
ing and sometimes frustrating. Although postoperative 
abdominal pain (in 11 patients [25%]) and tenderness (in 27 
patients [61%]), fever (higher than 38 °C in 44 patients 
[10056 ]), and leukocytosis (WBC counts higher than 15,000/ 
cu mm in 37 patients [84%]) were common in our patients, 
these symptoms were relatively unhelpful, except to stim- 
ulate the search for sepsis. Persistent postoperative fever 
that is not explained by any other source, particularly when 
it is associated with localized upper abdominal or intercos- 
tal tenderness, demands explanation. However, by the 
time the abscess is walled off, localizing symptoms may 
disappear and confirmation of the presence of an abscess is 
difficult. Despite a high degree of suspicion, the surgeon 
often delays operative drainage until there is objective 
evidence of an abscess, evidence that in most instances is 
based on radiologic and other specialized examinations. 

The chest roentgenographie findings associated with 
subphrenic abscess (Table 1) that were found among our 
patients were as follows: evidence of supraphrenitis, as 
shown by the presence of a pleural effusion, in 36 patients, 
elevation of the affected hemidiaphragm in nine, extralu- 
minal air fluid level in eight, atelectasis in seven, and 
mottled gas collection beneath the diaphragm in four. 
When doubt existed as to the location of the gas, GI 
contrast studies or fistulagrams were done. 

The plain abdominal roentgenograms were also abnor- 
mal in 21 of the 34 patients examined. In these patients, 
there was evidence of a collection of mottled gas bubbles 
representative of an abscess in 11, a well-localized nonen- 
teric air fluid level in nine, and a mass effect impinging on 
the enteric lumen in one. In this series, 25 of the 44 patients 
had definite evidence of a gas-filled collection or a mass on 
plain chest or abdominal x-ray films. 

Somewhat disappointing were the specialized examina- 
tions, including technetium Te 99m sulfur colloid and 
gallium citrate Ga 67 scanning, combined liver-lung scan- 
ning, ultrasonography, and fluoroscopy for diaphragmatie 
movement. One or more of the studies identified the 
abscess in 24/44 (54%) of the cases, a much lower ratio than 
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Table 1.—Diagnostic Examinations 
Results 


No. (%) of Patients 
Examined 


44 (100) 


Plain abdominal x-ray film 34 (77) 21 (61.7) 1€ (38) 
Fluoroscopy of diaphragm 11 (25) 6 (54.4) E (45.5) 


Gallium citrate Ga 67 scan 11 7 (64) ż (36) 
Liver-lung scan 11 (25) 5 (45.5) 6 (54.5) 







AS, 
No. (%) Abnormal No. (%) Normal 


41 (93) € (6.8) 


































in many reported series. However, these findings more 
closely resembled those recently reported by Norton et al," 
who showed a similar accuracy rate for intra-abdominal 
abscesses. This situation should improve as experience 
with these various modalities accumulates and further 
technical advances are made. Computerized axial tomogra- 
phy was not performed often enough for the results to be 
adequa-ely evaluated. When all of the roentgenographic 
and other imaging modalities are considered, a gas-filled 
collection or evidence of a definite mass was identified by 
at least one modality in 31 of the patients (70%), increasing 
by 18% the accuracy obtained by plain roentgenograms. 
In the present series of patients, operative cultures 
taken at the time the first abscess was drzined were 
availabe for 43 of the patients. A single organism was 
present in 12 cultures, two or more were presen: in 25, and 
none was present in six. The most common organisms 
eultured were Escherichia coli in 29 cases (66%), and 
enteroeoceus, klebsiella, pseudomonas, and Lacteroides, 
each in eight cases (18%). The length of time from the 
initial aperation to the surgical drainage of the subphrenic 
abscess varied from seven to 43 days, with a mean of 14 
days, despite the expected masking effect of antibiotics. 
The exact locations of the subphrenic abscess»s in many 
of thes» cases were clouded by the original operation, 
which cften eliminated classical "spaces" by such proce- 
dures as excision of the hepatic lobes or opening of the 
lesser sac. Considering these factors, the locat ons of the 
subdiaphragmatic abscesses were as follows: 


No. (96) 
of Patients 
Right 
Anterior subhepatic 18 (36) 
Anterior suprahepatic 9 (18) 
Posterior suprahepatic 5 (10) 
Posterior subhepatic 1 Q) 
Left 17 (34) 


These 50 collections include three bilateral and three 
heterotopie abscesses that occurred at a location remote 
from ar abscess, which had previously been drained. No 
patient had a lesser sac collection. 

The surgical approaches for drainage are given in Table 
2. À total of 28 patients underwent exploratory surgery via 
the follewing extraserous approaches: anterior subcostal’ 
in 20 cases, anterolateral subcostal" in five, and posterior 
via the :2th rib’ in three. Reoperation for recurrent abscess 
in the same location at or very near the previously drained 
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Tabie 2.—Methods of Initial Subphrenic Drainage 
in 44 Patients 


Abscesses, No. (96) 
No. (%) of. .—————— —————— 
Operative Approach Patients Recurrent Heterotopic 


Extraserous 4 (14) 


Anterior (Clairmont 
and Ranzi’) 1 (3.5) 


Anterolateral ‘(DeCosse 
et al”) 5 (11.3) 
Posterior (Oc sner’) 
Celiotomy 
Transperitoneal 


"Guided" extraserous 2 (4.5) 


abscess was recuired in four of the 28 patients. Of these 
four patients with recurrent abscesses, three of the 
abscesses apparently could have been completely drained 
through the primary incision, although it is probable that 
all loculations were not entered. In the remaining patient, 
a lateral extension of the primary abscess probably could 
not have been reached from Ochsner’s incision. These re- 
currences occurred while the original drains were still in 
place. Of these four patients with recurrences, the abscess- 
es were redramed in two, and there were no additional 
recurrences. The remaining two patients died, and the 
residual abscesses were first identified at autopsy. 

Of this same group of 28 patients with extraserosal 
Grainage. two patients had an additional purulent collec- 
tion subsequently identified at a location remote from the 
abscess that had already been drained. Both of these 
collections were due to leakage from the common duct. 

The midline transperitoneal approach was used in 16 
patients for a variety of reasons. Three of these patients 
had bilateral subphrenic abscesses diagnosed preoperative- 
ly. Associated intra-abdominal pathologic conditions were 
detected in several cases and included one leaking enteric 
anastomosis, a pelvic abscess, and one small-bowel obstruc- 
tion. Of the midline group, one patient was later found to 
have a recurrent abscess because the entire extent of the 
original absc2ss was not drained. Reexploration of the 
abscess and revision of drainage was required in this 
patient. A heterotepic abscess secondary to a duodenal 
stump breakdown was found to have developed in one 
patient, and another celiotomy was required for repair and 
drainage. This patient died. No patient had an intra- 
abdominal abscess that could be attributed to peritoneal 
soilage, nor were there any serious wound complications 
after transperitoneal drainage. 

Two patients had transperitoneal exploratory celioto- 
mies for abscess loealization, with a second bacteriological- 
ly isolated operating surgeon performing "guided" extra- 
serous drairage. There were no recurrences or missed 
abseesses in this small group. 

Mortality fer the entire group was 11% (five patients). 
Death was attributed to recurrent abscess in two patients 
(4.4%), both ef whom had abscesses that were drained 
extraserosally, and to a heterotopic abscess in one patient 
(2.2%), who was from the celiotomy group. Death was due 
to secondary renal and respiratory failure in one patient 
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and to GI bleeding in another, both of whom were from the 
midline transperitoneal group. 


COMMENT 


The keys to the effective operative management of 
subphrenie abscesses are early diagnosis with accurate 
localization and then adequate drainage of all septic foci. 
Several recent reports'''*' have encouraged the use of 
isotope scanning procedures as well as ultrasonography for 
the early detection of subphrenic abscesses. These tests 
were not as valuable as we would have hoped, although 
much of the experience was during our early use of these 
methods. In the 709; (31) of our patients in whom x-ray 
films or other special studies identified a subphrenic 
abscess, the decision to drain was easy. In 30% (13), 
operative drainage was undertaken without a definite 
septie focus having been identified because there was 
clinieal evidence of continuing sepsis. Most authors have 
eneouraged a continued seareh with repeated roentgeno- 
grams and increasingly sophisticated studies.'*' The risks 
of free peritoneal perforation,’* extension above the 
diaphragm,” and GI bleeding secondary to intra-abdomi- 
nal abscess are well known. The incidence of serious 
metabolic consequences from continuing sepsis, particular- 
ly on respiratory and renal functions, is an additional 
concern. Some patients are so critically ill that only the 
simplest of studies can be done safely. It is of interest that 
some kind of plain x-ray study of the chest or abdomen, 
which should be obtained even in an intensive care unit, 
identified the abscess in 25 of the 44 cases (57%). Because 
of the falsely negative studies in approximately one third 
of our patients and the consequences of continuing sepsis, 
it is necessary, in some cases, to proceed with exploratory 
celiotomy in the absence of abscess localization." 


J Extraserous vs Transperitoneal Approaches 


Controversy exists in the literature regarding the 
correct operative approach. Various authors have cham- 
pioned their respective operative techniques, including 
anterior subcostal extraserous drainage (Clairmont and 
Ranzi), 12th rib with posterior extraserous drainage 
(Ochsner’), and, more recently, anterolateral extraserous 
drainage (DeCosse et al”). The advent of antibioties has 
theoretically lessened the risks of transperitoneal explora- 
tion, and this approach has been encouraged by Dineen 
and McSherry® and Halasz.’ Halasz has reported that 26% 
of his patients with subphrenie abscesses who have had 
exploratory transperitoneal surgery had at least one addi- 
tional abscess that would have been missed if the obvious 
abscess had been drained extraserosally. Some authors, 
particularly Halliday,“ have advocated transpleural explo- 
ration with localization of the abscess from above the 
diaphragm, especially if there is an additional major chest 
abnormality. Pleural contamination can be avoided by 
suturing the diaphragm to the parietal pleura. 

The proponents of the extraserous approach believe that 
most abscesses can be easily drained with minimal loss of 
enteric function, without the risk of reinfection of both the 
previous surgical wound and the abdominal cavity, and 
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with a shorter period of anesthesia. The advocates of the 
transperitoneal approach, on the other hand, have stated 
that with their approach one frequently finds unsuspected 
intra-abdominal abscesses that would have otherwise been 
missed. Also, the celiotomy allows the surgeon to perform a 
complete exploration of the peritoneal cavity and to correct 
any additional abnormality such as a leaking anastomosis 
or a bowel obstruction. Lastly, they believe that recurrence 
can be avoided because more complete and truly dependent 
drainage can be performed since the full extent of an 
abscess can always be reached. 

In an attempt to define the possible benefits that a 
celiotomy might have afforded those patients in whom 
abscesses were drained extraserosally, we have assessed 
the incidence of recurrent abscess, heterotopic abscess, and 
other unsuspected pathologic conditions. Of those whose 
abscesses were drained extraserosally, heterotopic ab- 
scesses at a site remote from the location of initial 
drainage developed in 7%. Some of these apparently 
synchronous abscesses may have actually developed after 
the original abscess was drained. This was certainly the 
case in one patient, who had complete exploratory surgery 
via the midline approach and in whom duodenal stump 
leakage and another abscess subsequently developed. In 
regard to the correction of additional intra-abdominal 
pathologie conditions, two of 28 patients in this series who 
had extraserosal exploratory surgery might have benefited 
by the discovery of common duct leakage. Although it 
would be ideal to eliminate recurrent abscess, this compli- 
cation developed in only 14% of those whose abscesses were 
drained extraserosally, and it seemed to be clearly related 
to the choice of operative incision in only one patient. 
Recurrence can also occur in patients in whom abscesses 
were drained at celiotomy, as was the case in one of our 
patients. | 

This data cannot be used to compare fairly these two 
approaches because the groups were not randomized. This 
is partieularly true in regard to any mortality comparison. 
However, it is useful to explore the possible benefits that a 
transperitoneal approach might have afforded those whose 
abscesses were drained extraserosally. In doing this, it 
does not appear that a policy of exploratory celiotomy for 
all patients would have improved the outcome. 


Morbidity and Mortality 


A The overall morbidity and mortality in this report are 
lower than those reported in most other series of cases. The 
F- mortality in a series of cases with drained postoperative 
| subphrenic abscesses, which were reviewed at our institu- 
tion and collected by Carter and Brewer'* from 1944 to 
1965, was 22 of 70 (31.4%). The reason for the mortality 
reduction is unclear, but it may have been due to several 
factors, including the age of our patients, improved postop- 
erative care, antibiotic therapy, and earlier surgical drain- 
age. Although it is difficult to compare the mortality in 
this group of relatively young patients with other reported 
series of patients with drained secondary subphrenic 
abscesses, the results appear to justify a selective 
approach. 
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Extraserosal drainage is indicated if preoperative evalu- 
ation has identified a single, well-localized abscess. Find- 
ings that suggest a single abscess include a palpable mass 
or localized tenderness or a single abscess that is easily 
documented by preoperative imaging. Howezer, if one is 
unsure as to the location of the abscess, if multicentricity is 
suspected, or if there is reasonable likeliheod of other 
intra-abdominal pathologic conditions, the trensperitoneal 
approach should be used. Also, there are patients that one 
cannot study adequately who require exploratory surgery 
for ongoing sepsis, as well as others in whon the sepsis 
remains after the abscess has been extraserosally drained. 
The midline celiotomy is recommended for these patients. 
If, at the time of celiotomy, one believes that extraserous 
drainage of the abscess is applicable and feasible, then this 
drainage can be “guided” by one surgical team through the 
celiotomy, with the actual drainage performed by a team 
quarantined from the abdominal incision. This technique, 
when applicable, offers advantages of both approaches. 

Subphrenie abscess continues to be a prob em despite 
improvements in both antibiotics and the available diag- 
nostic techniques. The operative approach shou:d be chosen 
on the basis of a careful evaluation of eack individual 
patient. In our institution, this has resulted in few missed 
abscesses as well as in low mortality. 
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Original Articles 


Cholate Sodium Infusion for 
Retained Common Bile Duct Stones 


Abdolkarim Sohrabi, MD; Martin H. Max, MD; Charles D. Hershey, MD 


e Eight patienss with stones retained in the extrahepatic biliary 
tract underwent cholate sodium infusion for dissolution of the 
stones. In six patients, the stones disappeared. However, in two 
of the patients, the stones did not disappear, and they were 
removed with the ureteral Dasket. Infusion of cholate sodium was 
well tolerated b* six patients, but was accompanied by nausea, 
vomiting, and sbdomina: pain in two patients. In one case, 
mucosal deformity of the-common bile duct was noticed during 
the infusion, bu: it was nct apparent on a subsequent cholangio- 
gram. As a result of our experience, we conclude that cholate 
sodium infusior is a safe procedure for the attempted dissolution 
of retained common bile-duct stones. 

(Arch Surg 1:4:1169-1172, 1979) 


urrent caiculations indicate that 16 million people in 

the United States have cholelithiasis. Each year 

800,000 new eases are added to this figure; half of these 
patients undergo cholecystectomy. 

Exploratory surgery of the common bile duct is under- 
taken in 20% -o 40% of the cholecystectomies performed. In 
5% to T% of hese cases, a bile duct stone will be missed. 
Because of the high morbidity and a mortality of 4% that 
are associated with repeated exploratory surgery of the 
common bile-duct, nonoperative techniques for removal or 
dissolution o? the retained stones have increased in popu- 
larity. The following success rates for cholate sodium 
infusion therapy have been reported: Way and Motson, 
67% (49 case); Lansford et al, 71% (six cases); and Britton 
et al? 57% (seven cases). The success rates for instrumen- 
tation for removal of retained stones vary more widely. 
Britton et al’ reported 25% (four cases), Mazzariello* 
reported 953% (330 cases), and Burhenne? reported 95% 
(223 cases). 

The idea cf dissolving stones retained in the common bile 
duet with bile salts was offered by Johnston and Nakaya- 
ma? in 1957. The first clinical efforts were made by Way 
and his covecrkers’ in 1972. Since that time, few articles 
have been published regarding the efficacy of cholate 
sodium for the treatment of retained common bile duct 
- stones. Reported herein is our experience with eight such 
cases. 
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METHODS 


The method of infusion was described by Way et al.’ Cholate 
sodium, 100 mM per L of 0.15N saline, was dripped at 30 mL/hr 
through the T tube. A central venous pressure monitor was 
attached to the T tube for continuous reading of the pressure 
inside the biliary tree. The pressure was maintained at 15 to 25 em 
H.O (Fig 1). If diarrhea occurred, 2 g of cholestyramine resin was 
administered every two hours. The electrolyte values were super- 
vised closely and corrected as needed. A T-tube cholangiogram was 
performed at four- to five-day intervals. A dose of 100 mg of 
doxycycline hyclate was given daily as a prophylactic measure 
against cholangitis. 


REPORT OF CASES 


Case 1.-A 61-year-old woman was admitted to the hospital 
because of common bile duct stones that were retained after a 
cholecystectomy performed five months earlier. After a three- 
week period of infusion with 100,000 units of heparin sodium‘ daily 


through the T tube, the stones were unchanged (Fig 2). Cholate - 


sodium infusion was started, and a T-tube cholangiogram one 
week later showed that the stones had disappeared (Fig 3). The T 
tube was removed and the patient was discharged from the 
hospital. 

Case 2.—This 63-year-old man underwent cholecystectomy and 
was readmitted to the hospital one month later because of two 
stones retained between the T tube and the liver, one in the right 
hepatic duct and the other in the common hepatic duct (Fig 4). For 
one month, he was intermittently placed in Trendelenberg's 
position and cholate sodium was infused via the T tube. Although 
some reduction in the size of the stones was noticed after several 
T-tube cholangiograms, the stones did not pass. Finally, he was 
taken to the x-ray department, and, by fluoroscopic guidance, the 
stones were removed in two separate stages with the ureteral 
basket (Fig 5). 

Case 3.-This 41-year-old woman had a cholecystectomy and 
exploratory surgery of the common bile duct on Sept 15, 1977. She 
was rehospitalized four months later because of a l-em stone 
retained in the distal common bile duct (Fig 6). She underwent 
cholate sodium infusion from Jan 22 until Jan 25, 1978, when a 
T-tube cholangiogram confirmed the disappearance of the stone 
(Fig 7). 

Case 4.—A 75-year-old woman underwent cholecystectomy and 


exploratory surgery of the common bile duct on Sept 21, 1977. The 


final T-tube cholangiogram showed a 12-mm stone in the distal 
common duct (Fig 8). She was readmitted on Nov 13, 1977, and a 
repeated cholangiogram showed the same stone. Cholate sodium 
infusion was started, and after three days she passed the stone 
(Fig 9). 

Our experience with four other patients (cases 5 through 8) 
confirmed the usefulness of cholate sodium infusion for treating 
retained common bile duct stones (Table). 
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COMMENT 


Our results are similar to those of previous studies of the 
efficacy of the infusion of cholate sodium,^*^ but we 
believe that a few points are worthy of discussion. 


Side Effects 


In one of the eight cases, a deformity of the common bile 
duct mucosa was noted during the course of treatment; the 
deformity cleared later on. This deformity had not been 


reported*"' in the literature, and, although it could be due 
to tre trauma of the stone or the T tube, further studies 
shou d be carried out to determine whether or not it was 
related to the cholate sodium infusion. 

Diarrhea is the most common side effect of cholate 
sodium infusion’ and it may result in dehydration and 
hypoxalemia. For this reason, the electrelyte balance 
should be monitored closely. A patient who is dehydrated 
should be treated with supplemental fluids and electro- 
lytes. 


Fig 1.—System of infusion. Genitourinary (GU) bag is added to 
obtain closed system to prevent any exogenous con-amination. 
When intrabiliary pressure exceeds 25 cm H.O, flow of infusion 
will be diverted to GU bag. 








25 cm H,0 


Central 
Venous 
Pressure 


in case 1. 
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Fig 2.—Two stones in common bile duct (case 1). 


Fig 3.—Disappearance ef stones after eight days of cholate sodium infusion 
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Fig 5.—Stones nave moved distally and are smaller Fig 6.—Large stone in distal common bile duct (case 3). 
in size in case 2. 












Fig 7.—Disappearanee of stone in case Fig 8.—One stone in common duct (case 
i 4). 


Fig 9.—Disappearance of stone after three 
days' cholate sodium infusion (case 4). 
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Case No./ No. of 
No. of Location of Days of 
Stones Stones Infusion 






1/2 Between T tube and 





Vater's ampulla 














Vater's ampulla 






An elevation of temperature during cholate sodium 
infusion is suggestive of ascending cholangitis, and the 
infusion should be discontinued. Bile from the T tube 
should be cultured and the T tube should be connected to 
gravity drainage. Infusion should not be resumed until the 
body temperature has returned to normal for one week. If 
a second episode of fever occurs during cholate sodium 
infusion, the infusion should be discontinued and instru- 
mentation or operation should be considered. We have 
found doxycycline hyclate to be effective in preventing 
this complication. 

Abdominal pain during cholate sodium infusion is 
suggestive of pancreatitis or an elevation of intrabiliary 
tree pressure. When this occurs, aspiration of the T tube 
usually relieves the pain, but laboratory tests for pancrea- 
titis should be performed. 


Dosage 


The recommended dosage of cholate sodium is 100 mM/L 
of 0.15N saline solution at 30 mL/hr.' In our opinion, the 
occurrence of diarrhea is directly related to the dose of 
cholate sodium; in the case of severe diarrhea that is not 
controlled by cholestyramine resin, both the concentration 
and the rate should be reduced until the patient’s tolerance 
for the drug is improved, as was done in two of our 
patients. 


Technical Considerations 


The location of the stone or stones affects the success of 
treatment. Stones located between the T tube and the liver 
are more difficult to treat. Because of poor delivery of the 
cholate sodium to the intrahepatic radicals, keeping the 
patient in Trendelenberg’s position or threading a small 
catheter through the T tube will direct the cholate sodium 
flow toward the stone.’ The latter technique is more helpful 
in patients with chronic obstructive pulmonary disease who 
cannot tolerate Trendelenberg’s position. Also, the tech- 
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Side Effects 


Moderate diarrhea, nau- 
sea, abdominal pain 


Elevation of SGOT level 





Eight Cases Treated With Cholate Sodium Infusion | 


Results 
Success 


Comments 


Poor tolerance, heparin sodium 
infusion failed 





Size of stone decreased, infusion Failure, stones 
was done intermittently removed with 
basket 
Tolerated very well Success 
Tolerated well Success 
Deformed mucosa of common bile Success 


duct cleared up, tolerance was 
poor 
Rate tailored to patient's tolerance Success 


Tolerated well Success 


2/2 Between T tube and liver 30 Mild diarrhea 

3/1 Between T tube and 3 Mild diarrhea 
Vater's ampulla 

4/1 Between T tube and 3 Mild diarrhea 
Vater's ampulla 

5/3 Between T tube and liver 12 Mild diarrhea 

6/2 Between T tube and liver 30 Diarrhea, nausea, ab- 

dominal pain 

7/1 Between T tube and 11 Mild diarrhea 
Vater's ampulla 

8/1 Between T tube and 10 


Failure, stone 
removed with 
basket 


Catheter could not be placed on 
stone because of technical 
problems 





nique of threading the catheter through the T tube to the 
top of the stone could be used in patients witk impacted 
stones in the distal common bile duct. The T tub2 would be 
used for drainage and the catheter for infusion of cholate 
sodium. The reduced amount of cholate sodium required 
might allow infusion to be continued for longer periods of 
time and thus widen its applicability to patients who do not 
tolerate larger doses. Our experience indicates that the 
technique will usually be successful in two weeks. A 
decision to use the stone basket extraction technique 
should be made if there has been no success in dissolving 
the stone or stones by that time. Stone basket extraction 
would have considerably shortened the hospital stay in two 
of our cases. 
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haynaud's Phenomenon 


Primary and Secondary Causes 


P. Balas, MD; A. J. Tripolitis, MD; P. Kaklamanis, MD; T. Mandalaki, MD; N. Paracharalampous, MD 


e The terms “Raynaud’s disease" and "Raynaud's phenome- 
non" are often used interchangeably, as if they were a single 
problem. Because prognosis and therapy are different with each 
of these entities, 86 patients with episodic digit ischemia were 
evaluated over the past five years. All patients were evaluated 
similarly with plethysmography, angiography, and other studies 
for underlying causes of the digital ischemia. From the study, it 
was concluded that the majority of the patients had an underlying 
cause for the problem even though they satisfied the commonly 
accepted criteria for the diagnosis of Raynaud's disease. It is 
clear that the diagnosis of Raynaud's disease must be one of 
exclusion, because it is more uncommon than is generally 
appreciated by the medical community. 

(Arch Surg 114:1174-1177, 1979) 


atients with episodic digit ischemia pose a problem in 

differential diagnosis. The problem is to determine if 
the symptoms are due to the benign disorder of unknown 
cause, so-called Raynaud's disease, or is secondary to a 
more serious underlying problem that often has intoler- 
ance to cold as either its initial complaint or as part of a 
more diverse set of symptoms and signs. 

The criteria most commonly used to make the diagnosis 
of Raynaud's disease are those established by Allen and 
Brown in 1932,' which include the following: (1) appearance 
of symptoms with exposure to cold or with emotional upset; 
(2) bilateral, symmetrical involvement of the hands; (3) 
presence of normal pulses; (4) absence of digital gangrene, 
but, if present, limited to the superficial layer of the skin of 
the fingertips; (5) absence of underlying disorder common- 


Accepted for publication April 10, 1979. 

From the First Department of Surgery (Drs Balas and Tripolitis), the 
First Department of Internal Medicine (Dr Kaklamanis), the Department 
of Pathology (Dr Paracharalampous), Athens University Medical School, 
and the Second Regional Blood Transfusion Center, King Paul General 
Hospital (Dr Mandalaki), Athens, Greece. 

Reprint requests to 4 Hiraclitou St, Athens 136, Greece (Dr Balas). 


1174 Arch Surg—Vol 114, Oct 1979 


ly associated with the symptom complex; and, .6) symp- 
toms present for at least two years or more without the 
appearance of an underlying cause. 

Although it is recognized that an underlying cause for 
the intolerance to cold can be found in patients after two or 
more years, it is still common for patients to be labeled as 
having Raynaud’s disease when, in fact, a more detailed 
diagnostic workup is warranted. It is extremely important 
to properly classify patients with episodic digi- ischemia 
because the prognosis and treatment is entirely lependent 
on the underlying course of the disorder, once ciscovered. 

To investigate this problem, 86 patients with episodic 
digit ischemia were studied who presented the mselves to 
our department during a five-year period. The aim of the 
study was to evaluate both the nature of the eirculatory 
involvement in the hands and the existence of associated 
disease that commonly has sensitivity to cold either as the 
presenting complaint or as part of the symptom-complex. 


SUBJECTS AND METHODS 


Kightr-six conseeutive patients with episodic digit ischemia 
were studied during the past five years. Our group of »atients was 
representative of patients with Raynaud's phenomenen in general 
and was not highly select. The reason for this was that the patients 
were from several different specialties, not just surgery. Fifty- 
nine patients (69%) were female and twenty-sever (31%) were 
male, ranging in age between 5 and 75 years (mean, 39.5 years). 
The duration of symptoms was from two to 30 years. Patients with 
atherosclerosis, diabetes mellitus, and Buerger's disease were 
excluded from the study. Five of the patients with scleroderma 
and one patient with systemic lupus erythematosus have had 
minor trophie changes in 1, 2, and 3 of their fingers (3, 2, and 1 
patients, respectively). No one lost any digit after th» appropriate 
treatment. All of the patients had normal wrist pulses at the time 
of inclusion in the study. 

Each patient was admitted to the hospital and evaluated by a 
protoecl that consisted of a detailed history and a cinical exami- 
nation, as well as the application of a battery of tests that included 
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the following. reutine complete blood cell count, sedimentation 
rate, and secuential multiple analyzer, antinuclear factor and, 
occasionally, semim immunoeleetrophoresis; roentgenogram of 
chest, hands and spine; esophageal motility studies; digital 
plethysmogrephy, befere and after a stellate ganglion block; 
magnificatior arteriography of the hands; skin and muscle biopsy 
(and/or vesse: biopsy, if necessary). (The skin biopsy specimen was 
taken from the medial aspect [palmar surface] of the fingertips 
without any subsequent complication. In some of the cases, 
telethermography of the skin and assessment of digital tempera- 
ture reecvery time after stellate ganglion blockage was used. 


RESULTS 


In the 86 patients, the cause of the digit ischemia was 
established as follows: primary, 13; secondary, progres- 
sive system sclerosis (scleroderma), 11; caleinosis- 
Raynaud's-»henomenon-scleroderma-telangiectasia syn- 
drome, twe; Raynaud’s-phenomenon-scleroderma-telan- 
giectasia sy adrome, three; Reynold's syndrome, one; mixed 
connective t ssue disease, two; dermatomyositis, four; 
systemic lupus erythematosus, five; Sjógren's syndrome, 
one; eryoglooulinemia, one; cold agglutinins, three; polycy- 
themia vere (Vaquez's disease), one; thoracic outlet syn- 
drome, five: shoulder-hand syndrome (reflex sympathetic 
dystropny), two; arteritis, unknown cause, five; "sus- 
pected” auteimmune disease, five; vibration-induced white 
fingers, three; pheochromocytoma, one; ergotism, three; 
spondylosis. 13; hypothyroidism, two. 

In all of che 73 patients who suffered from secondary 
Raynaud's phenomenon, the duration of the symptoms was 
more than .we years (range, two to 30 years; mean, 4.5 
years). Of these 73 patients, 33 (44%) had well-documented 
autoimmune diseases, with five suspected of having the 
disorder bu: without definite laboratory proof, except for 
two of them with isolated serologic abnormalities. An 
example of this category is a 72-year-old woman who 
sufferec fror Raynaud’s phenomenon for 30 years. By the 
results of the clinieal examination, she had all of the 
findings of calcinosis-Raynaud’s-phenomenon-scleroder- 
ma-telangie--asia syndrome. There were five patients with 
nonspedfie arteritis based on the results of an examination 
of the biopsy specimen. There is certainly some doubt 
concerning -he relationship of spondylosis with Raynaud's 
phenomenor, but, in any case, everything was negative 
except for the changes in the cervical spine. All of these 
patients suf'ered from relatively mild digit ischemia, but, 
in addition. aad neurological symptoms that were most 
prominent when the patient was in the supine position. 


COMMENT 


Uncertairty remains relative to the problem of digit 
ischemia, its cause, and its classification. Whereas it is 
recognized hat the clinical manifestations may follow a 
variable course, there has been a tendency to label most 
patients as aaving Raynaud's disease, which, as this study 
shows, is inecrrect. 

 Historiealy, there has been confusion even from the 
time of the original description of the problem. Although 
Raynaud’ ir -852 described the local asphyxia and symmet- 
rical gangrene of the extremities, it is clear that what he 
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presented were not cases of what is commonly called 
Raynaud's disease today. It became apparent that basically 
there were two groups of patients. The first group repre- 
sented a benign process that never led to serious complica- 
tions, even in the involved digits. The second group was 
more troublesome, for in them at some time a disease 
would develop that often was serious and would occur at 
various times after the appearance of the digit ischemia. 

The most important publications to appear that began to 
clarify the problem were those of Hutchinson, * who 
observed that in some patients with "Raynaud's disease," 
scleroderma eventually developed. These same observa- 
tions were made by other authors over the next decades, 
with Lewis and Landis*^ in 1920 suggesting that there 
seemed to be "local vascular faults" in the digital arteries 
in eases with gangrene. The major clinieal classification 
that first appeared was that of Allen and Brown' in 1932, 
which remains commonly used even today. Although it is 
recognized that an underlying cause may be found partic- 
ularly with the passage of time, the separation between the 
benign and the more serious disorders still remains a 
source of confusion. 

One of the largest clinical series that form the basis for 
the current classification is that of Gifford and Hines’ in a 
study of 629 female patients (1920 to 1948). They found 
that 474 (76%) had primary Raynaud's disease. Blain et al* 
reported that 119 of their 238 patients with sensitivity to 
cold (50%) had primary Raynaud's disease. Both studies 
were published prior to 1950. Since 1950, there has been an 
increasing awareness that primary Raynaud's disease may 
not be as common as was originally stated. This increase is 
actually relative and is not absolute, inasmuch as it is due 
to improvement in some diagnostic techniques (ie, angiog- 
raphy) and to the development of others (ie, serologic 
screening for immunologic disease, platelet dysfunction 
tests, etc). De Takats and Fowler* were among the first to 
describe more accurately clinical problems, in their series 
of 66 patients with episodic digital ischemia. They pre- 
ferred to use the term “Raynaud’s phenomenon” and to 
subdivide it into four categories: (1) secondary to peripher- 
al vascular diseases, (2) secondary to collagen disease, (3) 
secondary to autonomic nervous hyperactivity, and (4) 
secondary to the lack of suspension stability of the blood. 
More specifically, they stated: "Previous classification into 
primary and secondary Raynaud’s disease, or mild, moder- 
ate, or severe forms of this syndrome, have failed to direct 
a systematic approach to diagnosis and therapy”; and 
furthermore: “The abundant previous literature contains 
considerable controversy about a purely functional vaso- 
spasm vs early organic vascular disease.” Two years before 
this study was published, Mendlowitz and Naftchi'" raised 
the same question of “whether vascular obstruction can be 
a consequence of Raynaud’s attacks in a subject with 
normal vessels, or whether vascular obstruction can occur 
de novo and be followed by Raynaud’s attacks.” They 
classified their patients into two groups: (1) those with 
digital vascular obstruction and normal vasomotor tone, 
and (2) those without obstruction but with an increase in 
vasomotor tone. Velayos and associates" found primary 
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Raynaud’s disease in 28 of their 157 patients (20.5%). 
Sumner and Strandness" noted 15.23% of their patients 
with primary Raynaud’s disease (16 out of 105 patients). 
Porter and his associates" found that 20% (five out of 25 
patients) had primary Raynaud's disease. The same 
authors in their next publication’ on the same subject 
emphasized the importance of autoimmune diseases (81 of 
100 patients) and concluded that “mild Raynaud’s symp- 
toms do not indicate a favorable prognosis as other inves- 
tigators claim, and the severity of Raynaud’s symptoms in 
the individual patient appear to be unrelated to the 
presence or severity of any associated autoimmune 
disease.” In the same study, 14 of the remaining 19 
patients had isolated serologic abnormalities. Therefore, 
according to this study, only five of the 100 patients were 
considered after careful study to have “pure” Raynaud’s 
disease. 


Secondary Raynaud’s Disease 


Hussey” presented evidence that Raynaud’s phenome- 
non occurred secondary to chronic renal insufficiency, 
before or after successful renal homotransplantation, 
hepatitis, and, finally, secondary to a variety of malignant 
neoplasms. The diseases, although obviously different, 


could have as a common denominator the formation of 
immune complexes that by some unknown mechanism lead 


to the intimal proliferation that results in digital artery 
occlusion. The Lancet,‘ in an editorial, speculated "that the 
myocardial disease in scleroderma may be due to intermit- 
tent spasm of the type recognized in the digits—a sort of 
myocardial Raynaud’s phenomenon—and that the kidney 
and lung lesions may be accounted for in the same way.” 
Tuffanelli and Winkelmann" noted that Raynaud’s 
phenomenon occurs in 90% of all patients with scleroderma 
and may be the initial symptom of this disease in about 
47%. In the same series, Raynaud’s phenomenon occurred 
in 18% of all patients with disseminated lupus erythemato- 
sus and the underlying disease sometimes is delayed. The 
classic example in our cases was mainly scleroderma and 
secondary systemic lupus erythematosus, where Raynaud’s 
phenomenon may exist years or decades before the other 
symptoms appear. This observation is in agreement with 
the results of the studies of De Takats and Fowler’ and 
Willerson et al,’* which showed that episodic digit ischemia 
may be present for 16 to 17 years before the underlying 
disease process becomes evident. Ne 

Another interesting finding in patients with Raynaud’s 
phenomenon is the development of a “vasculitis.” Although 
there are different types of vasculitis histologically, the 
final result is arterial stenosis and obstruction. It is of 
interest that most patients were referred to us with 
preliminary clinical diagnosis of arteriosclerosis obliterans 
or, sometimes, Buerger’s disease. Although it is common to 
see atherosclerosis listed as one of the causes of sensitivity 
to cold, there is very little evidence to support this conclu- 
sion. There is no doubt that patients with Buerger’s disease 
can have sensitivity to cold, but it involves both the 
medium-sized arteries of the arm and leg and thus proba- 
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Baseline A 


Typical digit pulse response to (A) "threatening" patient with 
needle and syringe, causing sharp vasoconstricticn, and (B) 
abolishment of response by stellate ganglion bloc«. Baseline 
demonstrates obstructive waveform. All recordings were made by 
digital strain gauge plethysmography. 


bly should be considered as a separate entity. 

As noted earlier, autoimmune diseases are zommonly 
associated with Raynaud's phenomenon. How this relates 
to the pathogenesis of the problem is unknowr, but it is 
recognized that these entities can result in a nonspecific 
proliferative endarteritis and occlusion of the digital and/ 
or palmar arteries. 

Whereas the mechanism of the vasospasm remains 
speculative, it is well known that the severity of the attacks 
can be related to the degree of involvement of the palmar 
and digital arteries. Regarding the vascular stud es, partic- 
ular emphasis was placed on the plethysmograptie studies. 
Some of our patients have had normal plethysmographic 
waveforms, a few of them have had "peaked pulse" as 
described by Sumner and Strandness," but mos- have had 
"obstructive"-type waveforms. We, therefore, believe that 
the type of waveform noted depends mainly on the dura- 
tion of the symptoms, since, with time, digit artery 
obstruction becomes commonplace. (We had used the index 
finger or sometimes another finger only, so we dc not know 
if the “peaked pulse" existed in the other fingers of our 
patients or not.) 

The digit ischemia could be reproduced at the time of 
stellate ganglion block by simply showing the neadle to the 
patient. In each of the cases, the ischemia was immediately 
reversed by the stellate block (Figure). 


Diagnosis of Raynaud’s Disease 


Thirteen of our patients (14.7%) had no evidence of 
intercurrent disease, but it is our belief that the cause of 
the underlying disease may be manifested latar, during 
follow-up. It seems that Allen and Brown's criteria’ should 
no longer be used because there seem to be so many 
exceptions. Therefore, the diagnosis of Raynaud's disease 
must be one of exclusion based on careful stucies of the 
digit cireulation and pertinent laboratory tests. Even after 
such assessment is initially negative, the diagnosis may 
become clear some years later. 

Regarding the present classification (Raynaud's dis- 
ease, Raynaud’s syndrome," sensitivity to cold, 
dead fingers'’), it is important that the terminology is used 
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E 
accurately tc eonvey to the physician an impression rela- 
tive to cause clinical manifestation, and prognosis. Porter 
and his assoeiates" have suggested that the terms "Ray- 
naud's disease” and "Raynaud's phenomenon" be entirely 
abandoned and the term "Raynaud's syndrome" used. 
Mendlowitz and Naftchi made the same proposal a few 


* 


. years ago. Although this view does have merit, there still 


seems to be a smal group of patients who do have 
Raynaud's d-sease. Thus, the term Raynaud's phenomenon 
should be used as being secondary to some underlying 
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cause. We agree, therefore, with Van der Stricht," Lange- - 
ron,’ Kluken," Merlen," Nielsen," Thulesius,^ and - 
Wouda,”’ who prefer the terms of primary and secondary . 
Raynaud's phenomenon. This seems to accurately describe — 
this problem as currently seen in clinical practice. m 

It is also preferable to use the term "sensitivity to cold" — 
to describe those patients whose symptoms appear only on 


EJ 


exposure to cold. In this study, there were many patients — 
whose symptoms appeared at room temperature in 
response to a variety of stimuli. a 
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activities o! tobramycin and gentamicin against mem- serious complicated and recurrent urinary 


bets of the Enterobacteriaceae are comparable, with tract infections 
each agent possessing slightly greater activity than the serious skin, bone, and soft-tissue infections, 


other against selected strains of any species." 


Nebein is indicated in the treatment of 
septicemia 
serious lower respiratory infections 
gastrointestinal infections, including 
»eritonitis 
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tobramycin 


including burns 
caused by susceptible strains of the following 
microorganisms: Pseudomonas aeruginosa, 
Escherichia coli, Proteus sp. (indole-positive and 
indole-negative), Providencia, Klebsiella-Entero- 
bacter-Serratia group, Citrobacter sp., and 
staphylococci, including Staphylococcus aureus 
(coagulase-positive and coagulase-negative). 


The proximal tubule 


The proximal tubule is the site in the 
renal system where aminoglycosides produce 
nephrotoxicity. 
| An investigator has studied the urinary 

excretion of alanine aminopeptidase, a principal 

enzyme of the brush-border membrane of the proximal 

tubule? Levels of the enzyme become elevated in the 

urine as a result of toxic lesions in acute tubular necro- 
sis or of inflammatory processes in the kidney, such as 
rejection crisis. In measurements of the effect of amino- 
elycosides (administered for three consecutive days) on the excretion 
of this enzyme by healthy humans, tobramycin appeared to have a 
minimum effect on the brush-border membrane. 

Another investigative team has studied the relationship between 
tissue concentration and toxicity? The toxicity of aminoglycosides 
may be related to the degree of their binding to tissue. Hence, 
aminoglycosides that accumulate less may be less nephrotoxic. 

All aminoglycosides are potentially nephrotoxic and ototoxic. 
Therefore, patients should be monitored closely when aminogly- 
cosides are being used. Patients with impaired renal function, the 
elderly, those with underlying disease, those with prior exposure to 
potentially nephrotoxic agents; and those with poor host resistance 
are at special risk. During clinical trials in 3506 patients treated with 
tobramycin, investigators reported drug-related nephrotoxicity in 
1.5 percent (53 patients).4 

In view of the effectiveness of Nebcin and the relatively low risk of 
nephrotoxicity, tobramycin can be an appropriate choice for patients 
requiring aminoglycoside therapy. 
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Summary of Prescribing Information 


WARNINGS 
Patients treated with Nebcin should be under close clinical observation, 
because tobramycin and other aminoglycoside antibiotics have an inherent 
potential for causing ototoxicity and nephrotoxicity. 

Both vestibular and auditory ototoxicity can occur. Eighth-nerve impairment 
may develop if patients have preexisting renal damage and if Nebcin is admin- 
istered for longer periods or in higher doses than those recommended. 

Tobramycin is potentially nephrotoxic. Renal and eighth-nerve function 
should be closely monitored in patients with known or suspected renal 
impairment and also in those whose renal function is initially normal but who 
develop signs of renal dysfunction during therapy. Such impairment may be 
characterized by cylindruria, oliguria, proteinuria, or evidence of nitrogen 
retention (increasing BUN, NPN, or creatinine). Evidence of impairment in 
renal, vestibular, or auditory function requires discontinuation of the drug 
or dosage adjustment. 

Nebcin should be used with caution in premature and neonatal infants 
because of their renal immaturity and the resulting prolongation of serum 
half-life of the drug. 

In the case of overdosage or toxic reactions, peritoneal dialysis or hemo- 
dialysis will help remove tobramycin from the blood. 

Serum concentrations should be monitored when feasible, and prolonged 
concentrations above 12 mcg/ml should be avoided. Urine should be 
examined for increased excretion of protein, cells, and casts. 

Concurrent and sequential use of other neurotoxic and/or nephrotoxic 
antibiotics, particularly streptomycin, neomycin, kanamycin, gentamicin, 
cephaloridine, paromomycin, viomycin, polymyxin B, colistin, and vanco- 
mycin, should be avoided. 

Nebcin should not be given concurrently with potent diuretics. Some 
diuretics themselves cause ototoxicity, and intravenously administered 
diuretics enhance aminoglycoside toxicity by altering antibiotic concentra- 
tions in serum and tissue. 

Usage in Pregnancy — Safety of this product for use during pregnancy has 
not been established. 


Description: Tobramycin sulfate, a water-soluble antibiotic of the aminoglycoside 
group, is derived from the actinomycete Streptomyces tenebrarius. Nebcin Injection is 
a clear and colorless sterile aqueous solution for parenteral administration. It is stable 
and requires no refrigeration. 

Indications and Usage: Nebcin is indicated for the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudomonas 
aeruginosa, Escherichia coli, Proteus sp. (indole-positive and indole-negative), 


= Providencia, Klebsiella-Enterobacter-Serratia group, Citrobacter sp., and staphylococci, 


including Staphylococcus aureus (coagulase-positive and coagulase-negative). 
Nebcin is indicated in the treatment of septicemia; central-nervous-system 


infections, including meningitis; neonatal sepsis; serious lower respiratory infections; 


gastrointestinal infections, including peritonitis; and serious skin, bone, and soft-tissue 
infections, including burns, caused by the susceptible organisms listed above. Clinical 
studies have shown Nebcin also to be effective in serious complicated and recurrent 
urinary tract infections due to these organisms. Aminoglycosides, including Nebcin, 
are not indicated in uncomplicated initial episodes of urinary tract infections unless 
the causative organisms are not susceptible to antibiotics having less potential toxicity. 
Nebcin may be considered in serious staphylococcal infections when penicillin or 
other potentially less toxic drugs are contraindicated and when bacterial susceptibility 
testing and clinical judgment indicate its use. 

Bacterial cultures should be obtained prior to and during treatment to isolate and 
identify etiologic organisms and to test their susceptibility to tobramycin. If suscepti- 
bility tests show that the causative organisms are resistant to tobramycin, other 
appropriate therapy should be instituted. In patients in whom gram-negative 
septicemia, neonatal sepsis, or meningitis is suspected, including those in whom 
concurrent therapy with a penicillin or cephalosporin and an aminoglycoside may be 
indicated, treatment with Nebcin may be initiated before the results of susceptibility 
studies are obtained. The decision to continue therapy with Nebcin should be based on 
the results of susceptibility studies, the severity of the infection, and the important 
additional concepts discussed in the WARNINGS box above. 

Contraindication: A history of hypersensitivity to tobramycin is a contraindication 
to its use. 

Warnings: See WARNINGS box above. 

Precautions: Specimens should be collected during therapy for examination, as 
recommended in the WARNINGS box. 

Neuromuscular blockade and respiratory paralysis have been reported in cats 
receiving very high doses of tobramycin (40 mg/kg). The possibility that prolonged or 
secondary apnea may occur should be considered if tobramycin is administered to 
anesthetized patients who are also receiving neuromuscular blocking agents, such as 
succinylcholine or tubocurarine. 

Cross-allergenicity among aminoglycosides has been demonstrated. 

If overgrowth of nonsusceptible organisms occurs, appropriate therapy should 
be initiated. 








Adverse Reactions: Nephrotoxicity — Renal function changes, as shown by rising 
BUN, NPN, and serum creatinine and by oliguria, cylindruria, and increased protein- 
uria, have bæn reported, especially in patients with a history of renal impairment who 
are treated for longer periods or with higher doses than those recommended. 

Neurotoxi -ity — Adverse effects on both the vestibular and auditory branches of the 
eighth nerve rave been noted, especially in patients receiving high doses or prolonged 
therapy. Syn-otoms include dizziness, vertigo, tinnitus, roaring in the ezrs, and 
hearing loss. 

NOTE: Therisk of toxic reactions is low in patients with normal renal function 
who do not receive Nebcin in higher doses or for longer periods of timethan those 
recommended. 

Other repcrted adverse reactions possibly related to Nebcin include increased serum 
transaminase (SGOT, SGPT) and increased serum bilirubin; anemia, granulocytopenia, 
and thrombecytopenia; and fever, rash, itching, urticaria, nausea, vomi-ing, headache, 
and lethargy. 

Suggested Dosage Guides —1!.M./I.V.: 

The usual euration of treatment is seven to ten days. 
Usual dosage for adults, children, and older infants (normal renal funcFon)— 

3 mg/kg/day administered in three equal doses every eight hours. In ife-threatening 

situations, the dosage may be increased up to 5 mg/kg/day administered in three or 

four equa! doses. This dosage should be reduced to 3 mg/kg/day as soon as clinically 
indicated. Refer to Table 1 for dosage schedule.) 

Dosage for neonates up to one week of age (normal renal function) — 
Up to 4 me/kg/day may be given in two equal doses every 12 hours. 

Dosage guidelines for adult or pediatric patients with reduced renal function — 

After a loading dose of 1 mg/kg, subsequent dosage must be adjustec either with 

reduced dcses at eight-hour intervals or with normal doses at prolonged intervals. 

To determine the reduced dose at eight-hour intervals, see the convenient nomogram 

in the package literature* To calculate normal dosage at prolonged intervals (if the 

creatinine -learance rate is not available and the patient's condition is stable), the 
following formula may be used: 
1 mg/kg q(6*x serum creatinine) h 

Neither regimen should be used when dialysis is being performed. 

I.V. Adminstration — The usual volume of diluent for adults is 50 to 100 ml. For 
children, the volume of diluent should be proportionately less than for adults. The 
diluted solut 5n usually should be infused over a period of 20 to 60 minutes. 


*An alternate:ro. 2h guide for determining reduced dosage at eight-hour intervals (for patients 
whose steady-st ste serum creatinine values are known) is to divide the normally recommended dose by 
the patient's seram creatinine. 


Table 1. Dosage Schedule Guide for Adults with Normal Renal Function 
(Dosage at Eight-Hour Intervals) 


Maximum Dose for Life- 
Threatening Infections 
(Reduce as soon as possible) 
1.66mg/«gq8h. 

(Total, 5 mg/kg/day) 


Usual Dose for 
Serious Infections 
For Patient 
Weighin : 
- kg b 


1 mg/kgq8h 
(Total, 3 mg/kg/day) 
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2 ml, 2 ml, ruober-stoppered, in packages of 1. 
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Desmoid Tumors and Mesenteric 


Fibromatosis in Gardner's Syndrome 


Report o^ Kindred 109 


Edwin W. Naw or, PhD: Eldon J. Gardner, PhD; Ralph C. Richards, MD 


e Kindred 109, from which Gardner's syndrome was first 
described, now has 224 members, 28 of whom have inherited the 
syndrome. Among the group of 28, desmoid tumors or mesenter- 
ic fibromatosis or both nave developed in eight (29%). In four 
patients, the iorous dysolasia appeared to originate in postsur- 
gical abdemana! incisional scars; in two of these cases, the 
mesenteric involvement resulted in death. In one patient, the 
process was present in the mesentery at the original operation. 
In three patients, the fibrous dysplastic lesions were extrainci- 
sional, with no known trauma associated with their occur- 
rence. 

(Arch Surg 114:1181-1185, 1979) 


high inddence of desmoid tumors occurring in abdom- 
inalineisions and in extra-abdominal sites in patients 
with Gardner’s syndrcme was originally noted by Smith in 
1958 and 1959. -° Smith also proposed the name "Gardner's 
syndrome" “or the clirical combination that includes multi- 
ple ecloreeta. polyps, osteomas, fibromas, sebaceous cysts, 
odontomas, supernumerary teeth, and desmoid tumors. 
This syndrome, showing an autosomal dominant pattern of 
inheritance: had been described by Gardner et al^ in the 
early 1950s. In 1962, Shiffman* observed that proliferation 
of retroper.toneal ard mesenteric fibrous tissue is also 
seen in frequent association with the syndrome. Two years 
later, Simpson et al* described seven cases of familial 
polyposis wath assoeiated mesenteric fibrosis and intesti- 
nal obstruc-ion. 
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Because of the high incidence and the severe recurrent 
clinical problems produced by desmoid tumors and mesen- 
teric fibromatosis, experience with these phenomena in the 
original Gardner’s syndrome kindred, No. 109, from which 
the syndrome was described, is reported here. The clinical 
and pathological nature of these aggressive fibrous lesions 
is discussed and their association with the syndrome is 
emphasized. 


PATIENTS 


Kindred 109, under study for 30 years, now consists of 224 
members spread over six generations, counting the original 
parents as generation I. Of these, 21 members are now deceased 
and six members died in infancy. An additional 69 (31%) are under 
the age of 10 years without overt evidence of polyposis. However, 
three of these children have extracolonic lesions of the syndrome. 
The 196 living kindred members are available for study, with 55 of 
these currently being followed up. Figure 1 presents an abbre- 
viated pedigree of the family, showing the pattern of autosomal 
dominant inheritance that presumably arose through a mutation 
in I-1. Among the total of 224 kindred members, 28 (12.5%) have 
expressed signs of the syndrome. 


RESULTS 


In eight (29%) of the 28 family members with Gardner’s 
syndrome, desmoid tumors or fibrous dysplastic reactions 
have developed. Thirteen of the deceased family members 
had evidence of Gardner’s syndrome at the time of their 
deaths. Eight of these died of carcinoma of the colon prior 
to surgical therapy or without adequate surgical records, 
suggesting that the incidence of the dysplastic phenome- 
non probably is greater than that recorded. 

Three of the eight patients with fibrous dysplastic 
reaction (IV-10, 30, 31) had classical desmoid tumors of the 
abdominal wall located within prior surgical incisions. In 
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Fig 1.—Abbreviated pedigree of kindred 109. 


two of these (IV-30, 31), retroperitoneal or mesenteric 
fibromatosis subsequently also developed. 

In two additional family members (III-14, V-17), only 
mesenteric fibromatosis without incisional desmoids devel- 
oped. The desmoid reaction in III-14 developed approxi- 
mately 20 years after surgery; in V-17, it was present at 
the time of original laparotomy for colectomy. 

In the three additional patients (V-30, 24, 18), extrainci- 
sional fibrous dysplasia developed in childhood: in V-30, at 
birth in the left anterior abdominal wall; in V-24, at 8 
months of age in the posterior left chest wall; and in V-18, 
at 11 years in the left gluteal area. All five patients with 
incisional or mesenteric disease were male. All sponta- 
neous extraabdominal fibrous lesions were seen in young 
females. 

Two of the four patients with retroperitoneal or mesen- 
teric fibrous (IV-30, 31) died with recurrent small bowel 
obstructions as a result of the process. A third patient 
(III-14) died of coronary occlusion but with associated 
widespread desmoid reaction. The fourth (V-17) had mini- 
mal mesenteric involvement that was found and resected 
at the time of colectomy in June 1978. In the four patients 
without mesenteric involvement, the process is currently 
under control, following extensive surgical excision in two 
(IV-10, V-18) and recurrent excision in two others (V-24, 
30). 

REPORT OF CASES 

Case III-14.—At age 64, III-14 had a large desmoid tumor in the 
abdominal wall above his ileostomy stoma. Another intra-abdomi- 
nal desmoid was found in the flank region prior to his death due to 
coronary occlusion. 

Case IV-10.—IV-10 had a total abdominal colectomy at age 17 
and a right inguinal hernia repair at age 26. Two years after the 
hernia repair, a 2-em desmoid tumor developed in the right 
inguinal hernia scar. On complete excision, a diagnosis of leiomyo- 
sarcoma was made. The report indicated a nodular piece of soft 
gray and brown tissue, 3.5 x 6 em, with a fibrous, yellow-gray 
interior. Sections showed a fibrous tumor consisting of tangled 
bundles of cells thought to be smooth muscle. Mitoses were rare. A 
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later review of the slides with differential cytochemizal staining 
confirmed the diagnosis of desmoid tumor. The patieat is tumor- 
free after 13 years. 

Case IV-30.—At age 24, IV-30 underwent total abdominal colec- 
tomy with permanent ileostomy. Two years later, am extensive 
benign desmoid tumor was removed from the anterior abdominal 
wall, requiring plastic reconstruction using ribs and skin grafts. 
The tumor reappeared along the upper left border of the recon- 
struction one year later and was partially removed Radiation 
therapy, 5,200 rads over a seven-week period, failed to prevent 
recurrence. At that time, the abdominal wall desmoil extended 
from the left costal margin to the edge of the ileostomy and down 
to the suprapubic area, involving the spermatic cords and bladder. 
Further exploration of the abdomen disclosed extensive retroper- 
itoneal and mesenteric involvement and a nonresectatle series of 
fibrous masses. In spite of the local resection and ureterolysis, the 
patient's condition worsened and he died one year later of ureteral 
obstruction and complications of small bowel obstruct on. 

Figure 2 shows the extensive nature of the desmaid reaction 
adjacent to the muscle wall of the small bowel. The submucosa 
itself is markedly thickened, suggesting either invasion of the 
serosa by tumor or fibrous dysplasia of the submurosal layer 
itself. 

Case IV-31.—At age 22, three years following colectemy, IV-31 
was hospitalized with acute abdominal pain. The entir2 abdomen 
was tender and a palpable mass was felt in the rght lower 
periumbilical area. At surgery, a large inoperable tumo- involving 
90% of the small bowel was diagnosed initially as a fibrosarcoma. 
Ten days later, the patient died of a generalized fibri 1opurulent 
peritonitis. Autopsy disclosed massive mesenteric and retroperi- 
toneal involvement with benign fibromatosis and no evidence of 
sarcoma. 

Case V-17.—At age 20, V-17 underwent abdominal colectomy 
with ileoproctostomy for established colonic polyposis combined 
with other signs of Gardner's syndrome. No earcinoma was 
present, but a 1 x 2 x 6-cm area of extensive fibrosis was found 
along the greater curvature of the stomach, involving zastrocolie 
and gastrelineal ligaments. No other evidence of fibrous dysplasia 
or inflammation was found. The area was excised during the 
colectomy, and a microscopic diagnosis of desmoid -umor was 
made (Fig 3). The patient's postoperative course was benign, with 
no evidence of recurrence at nine months. 


Gardner's Syndrome—Waylor et al 





Fig 2.—Autopsy specimen from IV-30 shows extensive fibrous 
reaction adjecent to muscle wall of small bowel. Submucosa is 
markedly theckened, suggesting either invasion by serosal 
desmoic or f'brous dysplasia of submucosal layer. 





Fig 4—Congenital fibromatosis from V-24 illustrates fibrous 
tissue irterssersed between muscle bundles in a rather regular 
pattern. Direction of collagenous tissue between muscle bundles 
is not consstently related to direction of muscle fibers, and 
individual mescie cells appear to be normal. Layer of mature fatty 
tissue, two to four cells thick, invests each muscle bundle, and 
occasional fa* cells are scattered throughout pure collagenous 
tumor itself. 
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Fig 3.—Section obtained during colectomy shows desmoid tumor 
from greater curvature of stomach of V-17. It demonstrates 
extensive fibrous reaction in fatty supporting stroma that is 
characteristic of mesenteric fibromatosis. 





Fig 5.—Specimen taken from V-24 shows typical uniform pattern 
of interlacing collagen bundles and fibrocytes that is characteris- 
tic of desmoid tumors. 





Fig 6 —beft. This section shows extensive proliferation of fibrous tissue into adjacent muscle bundles and gradual encasement 
of musc:e tissue in desmoid tumor removed from V-30. Right, Higher magnification illustrates atrophic muscle that is being 
encapselated by invading fibrous tissue. Characteristic early loss of cross striations in atrophy is also shown. 
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Case V-18.—At age 11, V-18 was hospitalized with a diagnosis of 
extracolonie Gardner's syndrome. A large desmoid tumor was 


removed from her left gluteal region. Surgical findings showed a 


poorly defined tumor overlying the sciatic nerve, with involvement 
of the gluteus maximus and "invasion" of the proximal portion of 
fascia lata. The extent of the tumor required excision of the 
proximal 6 em of the fascia lata and part of the gluteus maximus. 
The lesion did not appear to invade the joint capsule or sciatic 
nerve. On gross examination, the tumor was described as a 
bulging, moderately firm lesion measuring 8&5 x 55 x 4 em. 
Cross sections showed it to be homogeneous in appearance and 
fairly well circumscribed. Microscopic examination demonstrated 
a fibroproliferative tumor with all appearances of a benign but 
aggressive lesion. Its aggressive pattern could be inferred by 
invasion and surrounding of mature adipose tissue cells and 
adjacent skeletal muscle where fibers were atrophic and showed 
some multinuclear reaction. The lesion was considered a benign 
fibromatosis that might express its biological behavior as aggres- 
sive in terms of possible local recurrence. The patient is free of 
disease three years following resection. 

Case V-24.—At age 8 months, a fibrous mass was removed from 
the lower left posterior chest wall of this patient. It was unlike a 


typical desmoid in that it was less cellular, more organized, and . 


had far more mature collagen tissue. It insinuated itself between 
muscle bundles, providing them with an iron corset rather than 
strangling each muscle fiber individually by an infiltrative process 
characteristic of a desmoid. This was considered to be a form of 
congenital fibromatosis (Fig 4). One year later, a recurrent mass 
was removed with full-thiekness chest wall, including 2% ribs. A 
tentative diagnosis of fibrosarcoma was made. Histologically, this 
lesion appeared to be different from the tumor removed earlier. It 
was a solid mass of extremely dense collagenous tissue infiltrating 
and surrounding skeletal muscle and invading adipose tissue. 
Bundles of skeletal muscle enveloped by the infiltrating mass were 
atrophic. The portion just beneath the skin was sharply limited by 
the superficial fascia. At deeper levels, the mass fanned out into 
the adipose tissue, muscles, and fascia. These deeper portions were 
more highly cellular and consisted of coarse interlacing bundles of 
fibroblast-like cells, in sharp contrast with the poorly cellular 
central portions. The term “fibrosarcoma” was used at the time to 
indicate a well-differentiated, nonmetastasizing lesion capable of 
progressive growth. Since the tumor had occurred in a postopera- 
tive scar and contained a minute suture granuloma, the slides were 


. reviewed and a diagnosis of desmoid tumor was made (Fig 5). The 


patient is alive without desmoid recurrence after 16 years. Howev- 
er, colonie polyps have recently developed. 

= Case V-30.— At birth, this patient was noted to have a 1-em, firm, 
fixed, poorly cireumseribed mass on the left upper abdominal wall. 
This mass showed slow growth for three months, at which time it 
was excised. At surgery, the mass was contiguous with the 
anterior rectus fascia and extended into the external and internal 
oblique muscles without distinct borders. A wide excision was 
done, including the rectus fascia and portions of the oblique 
muscles. The patient remains free of recurrent tumor at 6 years of 
age. 

Microscopically, the lesion was described as a benign fibroma 
without encapsulation but with sections showing infiltration into 
muscle septa. The microscopic appearance and the gross ill-defined 
pattern of the tumor were consistent with a desmoid of the 
abdominal wall (Fig 6). 


COMMENT 


The aggressive invasive fibrous tissue tumors reported 
here are in addition to and appear to be distinct from 
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simple fibromas described originally as part of Gardner's 
syndrome. These tumors illustrate a special complication 
that may be encountered during the surgical management 
of any patient with Gardner's syndrome. Surgical trauma 
may also serve as an inciting factor in the problem. 

Classical desmoid tumors have been defined zs nonme- 
tastasizing, locally invasive, benign fibrous tissue tumors 
that arise in the musculoaponeurotic structures throughout 
the body. Grossly, a desmoid tumor is characterized by an 
ill-defined margin, lack of encapsulation, and infiltration 
into surrounding muscle and fascial planes. Microscopical- 
ly, it is composed of mature fibroblasts uniform in size and 
shape. Cell nuclei are moderately scarce, with prominent 
intercellular matrices of collagen. Nuclei are aniformly 
oriented to the axis of collagen bundles, elongated, and 
have a loose, pale chromatin structure. Mitotic figures may 
be seen occasionally, but atypical mitoses are extremely 
rare. At the periphery of the tumor, fibrous tissue extends 
in an in‘iltrative manner between muscle fasides, even- 
tually isclating and engulfing groups of muscle fibers that 
degenerate. Multinucleate giant cells are frequently asso- 
ciated with this process. 

In the zeneral population, desmoid tumors are rare. Pack 


_ and Ehriich” have reported that between 1917 and 1943, 
. only 17 abdominal wall desmoids were encounter2d among 


50,346 cases of neoplastic disease at the Memoria. Hospital 
of New York, for a gross hospital incidence of 0.(3%. Dahn 
et al’ found only 33 cases at the Institute of Pathology in 
Lund, Sweden, from 1945 to 1959 and estimated the 
incidence in the general population to be two cases per year 
per 1 million population. In 1959, however, Smith: reported 
seven cases in a series of 201 patients with Gardner’s 
syndrome, for an incidence of 3.5 percent. This was several 
hundred times the incidence of these tumors complicating 
any other known disease or abdominal operation in an 
unselected series of cases. Shiffman, in 1962, su7veyed 90 
cases of Gardner's syndrome in the literature and found 
desmoid tumors in 17%. Jones and Cornell: reported 
desmoid tumors in 18 of 75 patients with the syncrome, for 
an incidence of 17.396. A 29% incidence has been established 
in the original Gardner's syndrome family. 

Classically, desmoids have been considered to be tumors 
of the anterior abdominal wall that develop as a result of 
trauma usually occurring within prior surgical incisions. 
The tumors in three of our patients (III-14, IV-30, IV-10) 
fit this classical definition. 

In 1925, Nichols'? reported desmoid tumors in locations 
other then the abdominal wall. Since that time, it has 
become recognized that desmoids can appear in masculoap- 
oneurotic structures throughout the body. In three of our 
patients (IV-18, 24, 30), spontaneous desmoids ceveloped 
without prior surgical injury. Of interest is the faet that all 
three of these patients were females under the age of 
puberty. 

In 1958, the same year that Smith’ reported the associa- 
tion of abdominal and extra-abdominal desmoii tumors 
with the Gardner's syndrome, Shepherd" reported the 
occurrence of mesenteric or retroperitoneal fibromata in 
patients with familial polyposis who had previously under- 
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gone colectomy. He also noted that the most common site 
of occurrence was the base of the small bowel mesentery. 
In their discussion of the association of mesenteric fibrosis 
and familial pelyposis, Simpson et al’ noted that of 15 cases 
in the literature, there was a history of prior intestinal 
surgery in nine and no data were given for the other six. Of 
the seven patients that they described, six had had prior 
intestinal surgery and the seventh had undergone tubal 
ligation four years before detection of the fibrous mesen- 
teric mass at colectomy. They reported that the interval 
between the eriginal surgery and the recognition of the 
mesenteric mass varied from three months to five years 
and was usually between one and three years. 

In four of cur patients, mesenteric and retroperitoneal 
fibromatosis Geveloped. Three of these (III-14, IV-30, 31) 
had had previous abdominal colectomies for their basic 
disease and died with extensive disease producing bowel 
obstruction and ureteropathy, as frequently reported in 
the literature. The fourth patient had no history of 
surgery or trauma and was found to have typical desmoid 
reaction along the gastrocolic ligament and greater curva- 
ture of the stomach at the time of laparotomy for colecto- 
my. The area invelved was excised during colectomy, with 


no apparent recurrence of the process after nine months. 

The distinction between desmoid tumors and low-grade 
sarcomas is a difficult problem for pathologists. Weary et 
al," in 1964, noted that six tumors reported in the litera- 
ture had probably been misclassified as fibrosarcomas. In 
kindred 109, three of the eight afflicted patients (IV-10, 31, 
V-24) were originally misdiagnosed as having sarcomas. In 
IV-24, this resulted in a radical chest-wall excision with 
subsequent mild functional scoliosis. Cabot,^ in 1935, 
reported a similar case with marked scoliosis resulting 
from radical removal of three ribs following misdiagnosis 
of a lesion as fibrosarcoma. 

The question of malignant transformation from desmoid 
tumor to sarcoma is still unresolved. Nodal or distant 
metastases from desmoid reaction have not been reported. 
However, desmoid involvement may occasionally become 
sufficiently aggressive to involve the abdomen and pelvis 
in such a way as to produce inoperable and fatal situa- 
tions. 


This investigation was supported in part by grant VC-441 from the 
American Cancer Society and by Maternal and Child Health Service 
projects 417 and 435. 
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SELF-CLEANING ACTION 


Potentially dogging debris build-up is discouraged by the valve's unique 
lateral rubbing action. 


CONFIRMED PATENCY 
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ANTI-REFLUX PROTECTION 


Even at very hich or low pressures, valve reliably prevents reflux to the peritoneal cavity. 


CHOICE OF FLOW RATES 
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RADIOPAQUE 


Easily visualized by fluorcscopy or roentgenography. Catheters feature radiopaque lines. 


PERFORATION PROTECTION 


Any possibility of uninten ional perforation of membranes is minimized by soft, angled catheter tips. 


NO ACCIDENTAL DISCONNECTS 


Unitized construction eliminates sutured junctions. No connections are required at surgery. 


MINIMAL TISSUE REACTION 


inert. soft medical grade silicone minimizes the possibility of adverse tissue reaction. 
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Experimental Surgery 





A Clinieal and Laboratory Evaluation of 


a Polyurethane Foam 


A New Donor Site Dressing 


Roger E. Salisbury, MD; Abner Griswold Bevin, MD; G. Peter Dingeldein, MD; Joseph Grisham, MD 


* A polyurethane foam (Lyofoam) has been reported to accel- 
erate epithelization of a wound. The purpose of this study was to 
evaluate its efficacy as a donor-site dressing for thermally 
injured patients. Thus, partial-thickness injuries were made in 
ten pigs and covered with Lyofoam, Xeroform, Telfa, Scarlet Red, 
and fine-mesh gauze. Gross and histologic examinations failed 
to show accelerated healing under the Lyofoam dressing but did 
show that Scarlet Red covered donor sites healed the fastest. On 
clinical evaluation, nine patients only showed that Lyofoam 
separated earlier from the underlying wound but there was no 
evidence to suggest that the wound was more mature than that 
covered with fine-mesh gauze. 

(Arch Surg 114:1188-1192, 1979) 


| gi dos systemie and regional therapeutic tech- 
niques have been investigated in the last 25 years in an 
attempt to accelerate the healing of a partial-thickness 
wound (Table 1). The clinical importance of this goal is 
especially pertinent in the patient with a large thermal 
injury who is at risk of sepsis with the resultant conversion 
of a partial-thickness to a full-thickness wound. The 
attempt to achieve more rapid wound healing of a split- 
thiekness skin graft donor site may be crucial in the 
patient with limited donor skin who needs multiple recrop- 
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pings of the same area to achieve wound coverage. A 
polyurethane foam (Lyofoam) has been reported to accel- 
erate epithelization of a wound." The purpose of this 
laboratory and clinical study was to evaluate the effect of 
Lyofoam dressing on the healing of a partiel thickness 


> injury and compare it with other newly used wound 


dressings. 
METHOD 


Ten p gs, each weighing approximately 31.5 kg, we-e chosen for 
the experiment because their skin is similar to that of the human. 
In each animal, a partial-thickness wound (.0375 cm deep) was 
made with the electric dermatome, measuring 5 em wide, along the 
dorsum of the animal. The wound was then cover2d with five 
different dressings, each 5 x 8 em. Two pieces ef Lyofoam, 
Xeroform, Telfa, Scarlet Red, and fine mesh gauze were used 





Table 1.—Donor-Site Dressings 





Author Dressing 
Gillman et al,’ 1953 Allograf- 
Artz et al,? 1955 Fine-mesh gauze 
Bailey and Duck,’ 1958 Tulle gras 
Hinman and Maibach," 1963 Polyethylene film 
Graham,’ 1969 Allograf 
Bellinger and Conway,‘ 1970 Silver nitrate 
Salisbury et al,'^ 1973 Porcine xenograft 
Lloyd '* 1974 Sulfadiazine silver 
Salomon et al, 1975 Scarlet red 
James and Watson," 1975 Opsite 
Winter, 1975 Lyofoar 
Townsend,'* 1976 Vitafilm 
Gemberling et al,’ 1976 ‘ Aquaflo 
























Polyurethane Foam Dressing—Szlisbury et al 





Fig 1.—Dressincs are placed in random order on partial-thickness 
wound of dorsum. 
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Fig 3.—Scarlet Red-eovered donor site is almost completely 
epithelialized three days postinjury. 


along the length of the wound (Fig 1). Biopsy specimems were 
taken of five or the wounds 3, 7, 11, and 14 days postinjury. A total 
of 250 biopsy specimeas were taken from the ten pigs te give a 
sequential his:ologiea! picture of wound healing. All specimens 
and slides were coded and the pathologist did not have the benefit 
of any clinica information. Biopsy specimens were not taken of 
ave of the wo: nds covered by each of the dressings; instead, they 
were allewed to heal undisturbed, were observed, amd were 
recorded by 3--mm color photography. The time of separation of 
the dressing f-cm the denor site was noted. A visual impression of 
gross differen € in the rate of healing was recorded. 


RESULTS 


Several minor problems in the performance of the 
experimert were encountered and resolved. An open- 
wound te«hrique was found to be impossible becaase the 
pigs rolled «n their backs in an attempt to dislocge the 
Lyofoam amc other dressings, which would rencer the 
results unin.erpretable. Thus, each pig’s back was covered 
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Fig 4.—Comparison of epithelization of donor site under dress- 
ings—three days. 


with a cushion of multiple fluffed 4 x 4 sponges and a 
circumferential Elastoplast dressing was applied (Fig 2). 
This technique was successful and none of the dressings 
were disrupted. Finally, there was one death due to 
anesthetic complications during surgery but autopsy was 
unremarkable. No other anesthetic difficulties were 
encountered. 

By visual inspection, on the four separate days of biopsy 
no wound covered by any type of dressing was thought to 
be in a more advanced state of healing than any of the 
others. Lyofoam tended to be nonadherent but could be 
successfully maintained on the surface of the wound with a 
tight dressing. By carefully examining the wounds after 
the pigs were given general anesthesia, none were trauma- 
tized and the dressings remained intact with the last date 
of biopsy. On lifting the corner of each dressing, no gross 
difference could be appreciated in the rate of healing 
among the five materials tested. 
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Fig 5.—Fragments of Lyofoam are shown ingested by foreign 
body giant cells. 





Fig 7.—Symmetrical donor sites covered with Lyofoam and fine- 
mesh gauze. 


Microscopically, on day 3 there were very definite differ- 
ences in the amount of epithelization in the wounds. 
Scarlet Red showed the most epithelization, and indeed 
much of the wound was covered with a single advancing 
layer of epithelial cells (Fig 3). If the five dressings being 
tested were placed on a relative scale of healing (Fig 4), 
then in three days, the wound covered with Scarlet Red was 
the most healed (arbitrarily given a value of 100%), that 
dressed with Lyofoam being only half as advanced in 
epithelization. Interestingly, Xeroform ranked second, 
Telfa third, and fine-mesh gauze last, the wound being 
only 40% as healed as that with the Scarlet Red. By the 
fifth day, all wounds showed complete epithelization, the 
wounds covered with Scarlet Red being most mature. 
Expressed relatively, all materials were at least 80% as 
healed as wounds covered with Scarlet Red at that time. 
Examination of the biopsy specimens at nine and 12 days 
postinjury showed all wounds maturing in the thickness of 
the epithelial and dermal layer with no difference among 
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Fig 6.—Foreign body giant cell response under dono: site dress- 
ings—all time intervals. 


Table 2.—Efficacy of Lyofoam 
as Donor-Site Dressing on Humans 


Dressing Off, 
Postoperative Day 


Lyofoam, 11 
Mesh, 20 
Lyofoam, 11 


Patiert Donor Site 
1 Left thigh 


Result 
Spotty healing 
Healed 


Stuck to wound; 
pulled eoithelium 
off 


Thigh 


Mesh off, 14 
Mesh, 20 
Lyofoam, 11 
Lyofoam, 8 


Left thigh Healed 

Healed 

Healed but stuck to 
epithelitm—pulled 
off 


Right thigh 


Mesh, 15 

Lyofoam, 9 

Mesh, 13 

Removed because 
wound wet; 
changed to Sul- 
fadene 


Left thigh 


Right thigh 


the substances tested. 

In studying the inflammatory response (acute/chronic) 
of the wound to various dressings, all specimens were 
evaluated. Lyofoam and Xeroform elicited the greatest 
inflammatory response and fine-mesh gauze the least. No 
wounds showed bacterial growth or microscopi? suppura- 
tion. The subepithelial granulation tissue was szudied and 
covered wounds showed the greatest deposition of collagen 
with the rest of the materials being 60% to 70% that of 
the Lyofoam. 

All weunds were examined for the presence of foreign 
body giant cells, breakdown of the overlying dressing 
materia! and incorporation into the wound. It was noted 
that Lyofoam-covered wounds had a noticeably greater 
number of foreign body giant cells than any of the other 
materias in any given biopsy specimen ard bits of 
Lyofoam could be seen ingested by the giant cells (Fig 5). 
Scarlet Red showed the least foreign body giant cell 
response at all time intervals (Fig 6). 
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Fig 8.—Lyofoam-covered wound is smooth, but gauze-covered 
wound still nas multiple crusts on surface. 


CLINICAL CORRELATIONS 


On 11 separate operations in nine patients split-thick- 
ness skin grafts 035 cm thick were taken and two symmet- 
rical doner sites created (Fig 7) next to each other on the 
same part of the body. One donor site was covered with 
fine-mesk gauze and the other with Lyofoam. Care was 
taken te everlap the Lyofoam onto normal skin and it was 
held in piace with tape. Posteperatively, the donor sites 
were treated with a lamp to dry them, and no attempt was 
made te separate the dressings prematurely. Ten days 
postoperatively, all patients were bathed in the Hubbard 
tank, and dressings that had not separated spontaneously 
began to do so in the warm water. Dates of separation of 
donor site dressings were recorded as well as all complica- 
tions (Table 2). The patients were questioned regarding 
the comfort of the individual dressing. 


RESULTS 


In all instances, the-Gonor sites healed without complica- 
tion, such as infection. In four cases, the patient volun- 
teered that the Lyefoam-covered wounds were more 
comfortabe than the gauze-covered wounds. In seven 
instances, the patient could not tell any difference. At no 
time did any patient believe the fine-mesh-covered 
wounds were more comfortable than the Lyofoam-covered 
wound. The average time of separation of the Lyofoam 
dressing was ter days after surgery vs 16.4 days for 
fine-mesh gauze. After separation of the dressing, the 
Lyofoam-covered wound was shiny and smooth (Fig 8), 
whereas tke fine-mesh-dressed wound often had residual 
crusts that subsequently could be separated from the 
wound in tae next 48 hours in the Hubbard tank. Although 
the Lyofoam separated earlier from its wound, there was 
no evidence that the wound was more mature in appear- 
ance than that covered with fine-mesh gauze. It is impor- 
tant to net» that Lyofoam did stick to the recipient's bed 
and attempts to remove it prematurely tore freshly formed 
epithelium (Fig 9). 


CONCLUSIONS 
By gross and histolegica: evaluation, there is no substan- 
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Fig 9.—Attempting premature removal of Lyofoam tears newly 
formed epithelium as seen at tip of knife blade. 


tiation in this laboratory and clinical study for the belief 
that Lyofoam-covered wounds healed more rapidly than 
wounds covered by other dressings currently in clinical use. 
Superiority of Scarlet Red confirms the work of Salomon et 
al^ who found that Scarlet Red-covered donor sites healed 
more rapidly than wounds covered with other dressings. 

A great concern is the substantially elevated foreign 
body response to the Lyofoam compared with other dress- 
ings in this porcine model. The increased incidence of 
foreign body giant cells with ingested Lyofoam raises 
questions as to the advisability of its clinical use. Specifi- 
cally, one cannot say if the foreign body reaction truly has 
a clinical relevance. It may be that although Lyofoam does 
indeed elicit a greater foreign body reaction, wounds in 
most patients will heal with no visible aberrations. In our 
clinical trial, no foreign body reaction was grossly appar- 
ent. The possibility of this problem, however, should be 
considered by the clinician. 

The ease with which Lyofoam separated from the pig's 
back was not uniformly seen in the human clinical trial. A 
coagulum did incorporate the dressing, impeding removal. 
Thus, no mechanical advantage could be detected for using 
this dressing. 

Finally, new wound dressings and clinical reports must 
be viewed cautiously by the physician who "is happy with 
what works for him." The ever burgeoning medical indus- 
try makes periodic review and comparison of what is 
available necessary and desirable. New claims for a donor- 
site dressing with less incidence of infection and more 
comfort should be greeted with skepticism since the former 
is rare with any good wound care, and the latter purely 
subjective. Àn inexpensive dressing that would accelerate 
healing would indeed be valuable in the burn patient with 
limited donor sites, but in most other situations a cover 
that simply does not interfere with normal healing would 
be satisfactory. 


Nonproprietary Name and Trademark of Drug 


Sulfadiazine silver—Silvadene. 
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Invited Editorial Comment 


Salisbury et al have used carefully the limited methodology 
available in an animal model and human studies to demonstrate 
that Lyofoam does not increase the time for donor site reepitheli- 
zation. When such an agent is found, the clinical results should be 
so obvious that sophisticated methodology will not be required to 
compare results. Surely, such an agent will decrease the morbidity 
and mortality from large partial thickness burns by preventing 
fluids and caloric loss as well as bacterial invasion. Accelerated 
donor site healing will enhance patient comfort and decrease the 
time of hospitalization. Financial savings will be considerable. 
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This study demonstrates the need for surgical ard industrial 
investigators to develop and use basic biological methods to 
discover agents that enhance epithelial mitosis and migration 
rather than devoting time and effort evaluating randomly 
selected topical dressings. Industry will better serve its stock- 
holders and our patients by investing in a scientific rather than 
empirical approach to the problem. Empirical topica wound care 
must end! 

I. KELMA* COHEN, MD 
Richmond, Va 
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Lung Expansion, Airway 


Pressure Transmission, and 


Positive End-Expiratory Pressure 


James C. Chapin, MD; John B. Downs, MD; Michal E. Douglas, MD; Edmund J. Murphy, MD1; Bruce C. Ruiz 


e Transmission of airway pressure to the intrapleural space 
and change in functional resicual capacity by positive end- 
expiratory pressure (PEEP) were measured in ten anesthetized 
swine. Measurements and calculations were performed with 
varying lung and chest wal compliances. When both 
compliances were normal, approximately half of the applied 
airway pressure was transmitted. Aspiration of hydrochloric acid 
reduced lung compliance approximately fourfold and decreased 
airway pressure transmission. Increased thoracic compliance 
also reduced airway pressure transmission. When acid aspira- 
tion reduced lung compliance and sternotomy simultaneously 
increased thoracic compliance, pressure transmission was 
maximally reduced. Decreases in either thoracic or lung 
compliance recuced the volume-expanding effects of PEEP. 
Positive end-expiratory pressure was least effective when 
thoracic end lung compliances were reduced simultaneously. 
Careful assessment of both lung and thoracic compliances may 
be helpful in treating patients requiring elevated airway pres- 
sure. 

(Arch Surg 114:1193-1 197, 1979) 


atients with arterial hypoxemia secondary to loss of 
lung velume may benefit from mechanical ventilation 
with elevated expiratery airway pressure.” Positive end- 
expiratory pressure (PEEP) increases functional residual 
capacity (FIRC)' and may decrease right-to-left intrapul- 
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monary shunting of blood. The level to which PEEP may be 
applied is frequently limited by adverse cardiovascular 
effects. We sought to determine if changes in lung 
compliance and thoracic compliance influence the level of 
PEEP required to establish adequate lung expansion. Since 
detrimental cardiovascular effects may be secondary to 
decreased venous return,’ we also quantified the effect of 
compliance changes on the transmission of airway pressure 
to the intrapleural space since this may influence intravas- 
cular pressure readings. 


METHODS AND MATERIALS 


Ten laboratory swine weighing 39.2 + 7.8 kg (mean- 1 SD) 
were sedated with 10 mg/kg of intramuscular ketamine hydro- 
chloride and 4 mg/kg of intravenous (IV) pentobarbital sodium. 
While in a supine position, they were then anesthetized intrave- 
nously with 100 mg/kg of freshly prepared 1% a-chloralose 
solution. Orotracheal intubation was performed without the use of 
other drugs, and ventilation was controlled with a constant-volume 
ventilator with a mechanical tidal volume of 12 mL/kg. Airway 
pressure was measured at the endotracheal tube connector. Muscle 
relaxation was maintained with an IV infusion of 1 mg/dL of 
succinyleholine chloride. Blood pressure was measured continuous- 
ly through a catheter placed in the femoral artery. By means of a 
technique previously described,’ a microtransducer-tipped cathe- 
ter was inserted into the right hemithorax for measurement of 
intrapleural pressure. Arterial blood pressure, airway pressure, 
and intrapleural pressure were recorded continuously. A thermis- 
tor probe was inserted into the esophagus to heart level to monitor 
body temperature. 

Static compliances of the lung, thorax, and total respiratory 
system were determined by inflating the lungs with a precali- 
brated modified "super-syringe'"^ in five successive l-dL incre- 
ments. Airway and intrapleural pressures were recorded at each 
level of inflation after a 3-s equilibration period of no flow. 
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Fig 1.—Percent of airway pressure transmission (mean + SD) 
under conditions of varying lung compliance (C,) and thoracic 
compliance (C.). Asterisk indicates that differences between 
observed C, and C, and normal C, and C, are significant at 
P < .05. Arrows indicate greater than or less than normal (nl) 
compliance. 


Fig 2.—Lung volume expansion (mean + SD) assessed by calcu- 
lated change in functional residual capacity (FRC) induced by 10 
cm H.O PEEP under conditions of varying lung compliance (C, ) 
and thoracic compliance (C..). Asterisk indicates that differences 
between observed C, and C, and normal C, and C, are significant 
at P < .05. Arrows indicate greater than or less than normal (nl) 
compliance. 
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Compliances were calculated after each volume change with the 
following formulas: 


C, = AV/AP, = AV, 
Cr = AV/AP,,, 

and 
Cis = AV/AP,., 


where C, indicates lung compliance; AV, change in vclume; AP,, 
change in transpulmonary pressure; C+, thoracic compl ance; AP,,,, 
change in intrapleural pressure; Cır, lung-thoracic compliance; and 
AP,,, change in airway pressure. Appropriate pressure-volume 
graphs were constructed. The change in volume was altered by 
oxygen consumption, as noted by a constant loss of airway 
pressure after each 1-dL inflation. The airway pressure line was 
referenced back to time 0 to obtain the change in airwzy pressure, 
which would have occurred if airway resistance had been negligi- 
ble. 

A total of 10 em H.O PEEP was applied with a threshold resistor 
valve, and the change in intrapleural pressure was measured to 
determine the fraction of airway pressure transmi-ted to the 
intrapleural space (AP,,/AP.,,). The slope of the pressure-volume 
curve for the total respiratory system that was nearest an airway 
pressure ef 10 em H,O was multiplied by 10 em H.O to calculate the 
PEEP-induced change in FRC. 

After control measurements of resting lung amd thoracic 
complianees were made, all measurements and calculations were 
repeated in each swine during each of the experimenta: conditions. 
Circumferential pneumatic binders were placed around the abdo- 
men and thorax to decrease thoracic compliance. These were 
inflated in random order separately and in combination to 25 em 
H,O pressure. The binders were then deflated, and five swine were 
randomly selected to aspirate 0.5 mL/kg of 1.5N hydrochloric acid 
to decrease lung compliance. The abdominal and ches: binders of 
these swine were reinflated so that both lung aad thoracic 
compliances were decreased. The other five swine rece-ved median 
sternotomy and multiple parasternal rib fractures to increase 
thoracic compliance. After measurements and calculations were 
performed, these swine aspirated hydrochloric acid to decrease 
lung compliance. 

The data were analyzed for statistically significant differences 
using Student's t test for paired data. A probability va ue less than 
05 was considered statistically significant. 


RESULTS 


During control conditions (normal lung ard thoracic 
compliances), approximately half (52 + 9%) of -he applied 
airway pressure was transmitted to the intrapl»ural space 
(Fig 1). Transmission of airway pressure to the intrapleu- 
ral space increased to 65 + 995 (P< .02) when lung 
compliance was normal and thoracic compiance was 
reducec by application of the pneumatic binders to both 
the abdomen and the thorax. Aspiration of hydrochloric 
acid caused a large decrease in lung compliance and Pao. 
decreased from 84 + 11 mm Hg to 41 +17 mm Hg 
(P < .001). When thoracic compliance was increased and 
lung compliance was decreased, there was less transmis- 
sion of pressure to the intrapleural space (P < .001). Trans- 
mission of airway pressure was reduced to 11 + 6% when 
lung compliance was decreased while thoracic compliance 
was increased (Fig 1). As we increased lung volume with 
the super syringe, compliances of the lung anc chest wall 
remained constant when volume change was 1, 2, and 3 dL 
under all conditions. However, volume changes of 4 and 5 
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Treatment 






Control 10 N 
Abdomina! anc thoracic binders 10 N 
Sternotomy 5 N 
Acid aspiration Y 
Acid aspiration and binders y 


Acid aspiration and s-»rnotomy 4 L 


iCompared with contrc values, observed values are significant at P — .05. 





29 +5 
20-4 
32 +9 


45 —- 6 
31 + 81 
467 + 3611 





57 + 20 





421 + 398+ 


4 12 + 411 


*Calculations are based on the first 1-dL change in volume with normal (N), increased (4), and decreased ( Y) compliances. Values are in mL/cm 
,O 


12 + 3tt 


tCompared with norma C, and increased C,, observed values are significant at P — .05. 


dL were frequently associated with lower lung and thoracic 
compiiances, indicating hyperinflation. 

Lung volume expansion induced by PEEP was affected 
by changes in both ung and thoracic compliances (Fig 2). 
The volume-expaneing effect of PEEP was decreased 
signidcantly when either lung or thoracic compliance was 
reduced (P < .001). The PEEP was least effective in 
causing caleulated FRC expansion (only 45 + 17 mL) when 
lung and thoracic compliances were decreased simulta- 
neously (Fig 2). 

The median sterrotomies and rib fractures caused pneu- 
mothorax and partial lung collapse to occur in all five 
swine. One swine given a median sternotomy died after 
acid aspiration and before all measurements could be 

-completed during the condition of decreased lung 
compliance and increased thoracic compliance. The lung, 
thoracic, and total «ompliances given in the Table are the 


calculations after the first 1-dL change in volume on the - 


pressure-volume curves. 


COMMENT 


It is knewn that positive-pressure breathing, by increas- 
ing mean intrathcracic pressure, may decrease thoracic 
venous return, and cause a reduction in cardiac output.’ In 
addition, cardiac output may be reduced because of 
increased pulmonary vascular resistance resulting from 
airway pressure transmission to the pulmonary vascular 
bed. An awareness of the factors that determine the 
degree of airway pressure transmission to the intrapleural 
space is importart and may help the clinician make 
therapeutic decisions to minimize the detrimental effects 
of increased airway pressure. Many investigators have 
measured intrapleura! pressure and have calculated trans- 
mural cardiac filling pressures. However, to our knowl- 
edge, no studies heve examined the factors that determine 
the degree to which positive airway pressure is transmit- 
ted zo the intraplerral space. Our results indicate that both 
lung and thoracic compliances play a significant role in 
determining the degree of lung expansion and pressure 
transmission to intrathoracic structures during the appli- 
cation of positive airway pressure. 

Since pressure measurements were made at times of 
zero air flow, alveslar and airway pressures were equiva- 
lent. We can relate changes in volume and pressure to 
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compliance according to the general equations C, = AV/ 
AP, and C; = AV/AP,,, where AP indicates a change in 
pressure. Rearrangement gives the following equations: 


AV — Or x AP, = C, x AP... 


Because 
AP, = A(P,, ES! Pob 
C, x A(P,, — Ppi) = C. X AP,, 
(C, X AP,,) — (C, x AP,,)= C, x AP,, 
CX AER. = (C, x AP,,) + (C, x AP,,) 
= AP, (C, + C). 
Therefore, 


AP,,/AP,, = C,/(C, + Cy). 


Since lung and thoracic compliances are equal under 
normal conditions, 50% of the applied airway pressure 
should be transmitted to the intrapleural space. Conditions 
decreasing lung compliance or increasing thoracic com- 
pliance would tend to minimize the transmission of airway 
pressure. In contrast, conditions that might decrease 
thoracic wall compliance would exaggerate airway pres- 
sure transmission. Our findings are in agreement with 
these principles and allow us to better explain several 
clinical observations. 


Thoracic Compliance 


Of the many factors influencing lung inflation and 
airway pressure transmission to the intrapleural space, 
thoracic compliance has received relatively little attention. 
Our results illustrate the significant effect thoracic 
compliance has in determining the transmission of airway 
pressure to the intrapleural space. In the swine with 
normal lungs, binding the abdomen and chest to decrease 
thoracic compliance increased airway pressure transmis- 


sion to the intrapleural space by 25% and significantly - 


reduced the expected change in lung inflation with 10 em 
H.O PEEP. Patients with ascites and distinct abdominal 
distention or abdominal muscle splinting are likely to have 
decreased lung-thoracic compliance. Atelectasis may devel- 
op in such patients, and PEEP may be applied to the 
airway in an attempt to increase FRC. Since the volume- 
expanding effects of PEEP are reduced in the patient with 
decreased thoracic compliance, a relatively higher level of 
PEEP would be required to increase FRC than in the 
patient with normal thoracic compliance. Since a large 
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percentage of airway pressure is transmitted to the intra- 
pleural space when thoracic compliance is reduced, this, in 
turn, may compromise the return of venous blood to the 
heart. 


Lung Compliance 


The reduction of lung compliance induced by acid aspira- 
tion in swine with normal thoracic compliance resulted in a 
significant decrease in the fractional transmission of 
airway pressure to the intrapleural space. This suggests 
that the "stiff" lung might have a protective effect on the 
return of venous blood by minimizing airway pressure 
transmission. We predict that patients with stiff lungs 
would tolerate higher levels of PEEP than patients not 
having a significant intrapulmonary lesion that decreases 
lung compliance. When PEEP is applied, these patients 
would require relatively less intravascular volume expan- 
sion to maintain cardiac filling pressures because of the 
reduced airway pressure transmission to intrathoracic 
vasculature. These findings are borne out by clinical 
experience.’ | 

A word of caution must be interjected. An increase in 
lung volume by PEEP could increase lung compliance and 
airway pressure transmission significantly. In such a 
situation, clinical evaluation before the application of 
PEEP could lead the clinician to erroneously predict only a 
slight transmission. Therefore, the degree of pressure that 
is transmitted to the intrapleural space should be esti- 
mated after pressure is applied to the airway. It is unlikely 
that lung compliance will significantly improve after appli- 
cation of PEEP in animals that have hydrochlorie acid- 
induced aspiration pneumonitis. Such a lesion is associated 
with distinct pulmonary edema and severe right-to-left 
intrapulmonary shunting of blood, as indicated by less 
arterial oxygenation.* 

In the open-chested swine, the loss of negative intratho- 
racic pressure allowed the lungs to collapse. The reduced 
lung volume caused a significant reduction in lung 


compliance and airway pressure transmission to the intra- 


pleural space (Table). In spite of reduced lung compliance, 
10 cm H.O PEEP caused a large increase in FRC. The 
reduction in lung compliance induced by loss of lung 
volume was unlike that occurring after acid aspiration. 
Loss of lung volume secondary to pneumothorax resulted 
in decreased lung compliance by shifting to a lower and 
flatter portion of the lung pressure-volume curve. The 
addition of 10 em H.O PEEP was sufficient to restore both 
volume and compliance. In contrast, acid aspiration shifted 
the lung pressure-volume curve downward and to the right, 
causing reduction of both lung volume and compliance. In 
this instance, PEEP increased lung volume only slightly, as 
illustrated schematically in Fig 3. . 


Low Compliances 


Clinical situations arise in which patients have a combi- 
nation of low thoracic and lung compliances. Such a 
combination might occur in the patient having ascites, 
distinct abdominal distention, and acute respiratory fail- 
ure. We found lung inflation induced by PEEP lowest in 
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Normal Compliance 
Post sternotomy 


Post aspiration 


Lung Volume 


—— o — — — — — — — — — — — — 


Airway Pressure 





Fig 3.—Schematic curves for lung-thorax compliance with normal 
lungs anc after sternotomy and acid aspiration. Sternotomy and 
pneumothorax caused lungs to collapse and to shift to flatter 
portion 5f lung pressure-volume curve (A). Relatvely small 
increase in airway pressure restored functional residual capacity 
(FRC) and lung compliance to normal (B). In cortrast, acid 
aspiration shifted lung pressure-volume curve downward (C) and 
right, so that normalization of FRC (D) required much greater 
airway and transpulmonary pressures. Arrows indicate greater 
than or less than normal (nl) compliance. 


this case. In such patients, high levels of PEEP mht be 
required to normalize FRC. 

When thoracic compliance was increased by a median 
sternotomy and rib fractures, transmission of airway 
pressure to the intrapleural space was also significantly 
reduced. Much of the pressure transmitted by the lungs 
was dissipated because the thoracic cage could be expanded 
beyond its normal limits. It also would be expected that the 
thoracic venous return would be better maintained. 
Patients with flail chest and lung contusions have 
increasec thoracic compliance and decreased lung com- 
pliance. High levels of PEEP, which may be required to 
maintain FRC in such patients, may be well tolerated 
because both the reduced lung compliance and the 
increasec thoracic compliance will have a sparing effect on 
venous bieod return. 

It is often observed that patients with emphysema and 
respiratory failure tolerate positive-pressure ventilation 
poorly.’ Such patients may have greater-than-normal lung 
compliance and a relatively noncompliant chest wall. Our 
findings suggest that mechanical ventilation of such 
patients could cause a significant transmission o? airway 
pressure to the intrapleural space and thus could reduce the 
return of venous blood and cardiac output. In comparison, 
patients with flail chest and lung contusions usually toler- 
ate mechanical ventilation well. In this example, both the 
compliant chest wall and the relatively noncompliant 
pulmonary parenchyma could act to minimize airway pres- 
sure transmission to the intrapleural space, and thus could 
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a 


reduce -he adverse cardiovascular effects of positive air- 


way pressure. 


Vascular Pressure Measurement 


Alterations in lune and thoracic compliances also may 
complicate the inte-pretation of intrathoracic vascular 
presstre measurements taken during therapy with 
elevated expiratory airway pressure. The transmural pres- 
sure of the right a rium is the difference between the 
pressure inside and that outside the atrium. We assume 
that the pressure ou side is equivalent to the intrapleural 
pressure. During spontaneous respiration with ambient 
expiratory airway pressure, intrapleural pressure is nega- 
tive relative to atmospheric pressure. However, continuous 
positive-pressure veatilation (CPPV) will increase intra- 
pleural pressure. During CPPV it is likely that transmural 
right atrial pressure will decrease, and, in some cases, blood 
volume may need to be augmented to maintain cardiac 
filling and output." In this setting, although central 
venous pressure will be artificially elevated by pressure 
transmitted from tke intrapleural space, the actual trans- 
mural illing pressure may be decreased. In clinical situa- 
tions involving patents with increased lung compliance 
and rdatively low thoracic compliance (eg, those with 
emphysema), pesitire airway pressure may make central 
venous pressure a very inaccurate indicator of venous 
return Errors in clinical management based on misinter- 
pretation of measurements of intrathoracic vascular pres- 
sure ezn be minimized by the careful consideration of lung 
and thoracic compliances. 


[POR WUUMPIUUNUEUUU ENERO aE 
Se WAY m TRI CR TY 


ee 


In summary, proper monitoring of and therapy for 
patients receiving elevated airway pressure requires the 
assessment of both lung and thoracic compliances. Condi- 
tions associated with a decrease in lung compliance or an 
increase in thoracic compliance will tend to minimize the 
transmission of airway pressure to the intrapleural space. 
Conversely, factors that may reduce thoracic compliance 
will inerease airway pressure transmission to the intra- 
pleural space. Such assessment of lung and thoracic 
compliances may be of benefit in predicting which patients 
will require low, moderate, or high levels of PEEP to 
reestablish normal lung volume. Clearly, patients with low 
thoracic and lung compliances and decreased FRC will 
require higher levels of PEEP to normalize FRC than will 
patients with more compliant lungs and chest walls. Simi- 
larly, the interpretation of intravascular pressure should be 
influenced by consideration of airway pressure, lung 
compliance, and thoracic compliance. 


This investigation was part of VA project 1917-01. 

The research described in this report involved animals that were main- 
tained in animal care facilities that are fully accredited by the American 
Association for the Accreditation of Laboratory Animal Care. 

Marie Giacobone and Barbara Bawol provided secretarial assistance. 
Pauline Snider provided editorial assistance. Joy Kuck, Nancy Miller, MS, 
and H. W. Calderwood, VMD, gave technical assistance. Jerome H. Modell, 
MD, gave support and advice. 


Nonproprietary Name and Trademarks of Drug 


Ketamine hydrochloride—Ketaject, Ketalar, Ketaset. 
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Calendar of Events 


1979 


November 


Southern Thoracic Surgical Association, Nov 
1-3, Hilton Palacio del Rio, San Antonio, Tex. 
Contact Secretary, Richard B. McElvein, MD, 
Department of Surgery, University of Alabama, 
Birmingham, AL 35294. 


American College of Chest Physicians, Nov 4-8, 
Houston. Contact ACCP, 911 Busse Hwy, Park 
Ridge, IL 60068 

Symposium: The Biology and Management of 
Surgical Wounds, Nov 8-9, 1979, New York 
Hospital-Cornell Medical Center, New York. 
Contact Peter Dineen, MD, Department of 
Surgery, New York Hospital-Cornell Medical 
Center, 1300 York Ave, New York, NY 10021. 


Western Surgical Association, Nov 11-14, The 
Broadmoor, Colorado Springs, Colo. Contact 
Secretary Paul Hodgson, MD, University of 
Nebraska, Omaha, NE 68105. 

Association for Academic Surgery, Nov 13-15, 
Bond Court Hotel, Cleveland. For information 
contact Secretary, E. Sugarbaker, MD, Univer- 
sity of Miami School of Medicine, PO Box 
016310, Miami, FL 33101. 

Memorial Sloan Kettering Cancer Center Sym- 
posium on Diagnosis and Treatment of Bone 
Tumors, Nov 17-18, Memorial Hospital, New 
York. Contact A. G. Huvos, MD, Symposium 
Coordinator, Memorial Hospital 1275 York 
Ave, New York, NY 10021. 


viri md Tu m COQUPUNHEDRESNEP 7C 


1980 


February 


American Society for Surgery of the Hand, Feb 
4-6, Atlanta. Contact Administrative Officer, 
R. J. Smith, MD, Massachusetts General 
Hospital, Boston, MA 02114. 

American Academy of Orthopedic Surgeons, 
Feb 7-12, Georgia World Congress Center, 
Atlanta. Contact Executive Director, C. V. 
Heck, MD, 444 N Michigan Ave. Chicago, IL 
60611. 


March 


2nd Colonoscopy Congress, March 6-8. Second 
International Congress on Colonoscopy and 
Diseases of the Large Bowel will be held at the 
Americana Hotel, Bal Harbour, Fia. For infor- 
mation contact John P. Christie, MD, 7330 SW 
62nd PI, South Miami, FL 33143. 

American College of Surgeons, Spring Meeting, 
March 23-27, Toronto. For information contact 
Edwin W. Gerish, MD, ACS, 55 E Erie St, 
Chicago, IL 60611. 


April 


American Association for Thoraeic Surgery, 
April 28-30, San Francisco. Contact Executive 
Director W. T. Maloney, 6 Beacon St, Suite 
620, Boston, MA 02108. 

Second Pan American Conference on Diseases 
of the Chest, April 19-23, Rio de Janiero. For 
information, Jesse P. Teixeira, MD, Caixa 
Postal 37, Rio de Janiero, RJ 20000, Brazil. 


—————— ÀMÀ———— Hà 


News and Announcements: The Edi- 
tor will be pleased to receive for publi- 
cation brief notices of meetings, semi- 
nars, or symposia which are of inter- 
est to the readers of the ARCHIVES. 
News items of appointments, promo- 
tions and developments in the field of 
surgery and related disciplines are 
invited. 


Dr Frank N. Cochems Competition.— 
The University of Colorado School of 
Medicine announces the 15th annual 
Cochems Competition. A prize of 
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News and Announcements 


$2,500 will be awarded to the author of 
the best paper concerning "throm- 
bophlebitis and basic vascular prob- 
lems.” It should be concerned with the 
mechanisms or processes of vascular 
disease, particularly thrombosis, but 
not restricted to it. Eligibility is 
limited to physicians subject to US 
income tax regulations. Entzies must 
be received in triplicate on er before 
Nov 30, 1979. Inquiries regarding the 
competition and all manuscripts 
should be submitted to the Dean, 
School of Medicine, University of 
Colorado Medical Center, 4200 East 
Ninth Ave #C-290, Denver, CO 
80262. 
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Open New Door: 
for your 


Alcoholic 
Patients 


How can you enhance your effective 
ness in the treatment o? alcoholism‘ 
By acquiring the maximum amount oi 
useful information on this complex IIL 
ness. The Manual on Alceholism, from 
the American Medical Association. 
offers you current authoritative infor- 
mation on diagnosing and treating 
alcoholics. 


A glance at the contents reveals 


these sections: 


* The Problem 
* The Causes 


* Alcohol: Its Metabolism 
and Pharmacology 

* Diagnosis and Trea:ment 

* Appendix 





Manual on Alcoholism provides you 
with a highly beneficial overview of 
the primary considerations involved in 
alcoholism—from the physician's point 
of view. The principal difference be- 
tween this newly revised edition and 
the previous edition is the incorpora- 
tion of major portions of Medical Com- 
plications of Alcohol Abuse, which is 
out of print. $2.50 


Order Dept. OP-185 

American Medical Association 
P.O. Box 821 

Monroe, WI 53566 


Please send copy(ies) of MANUAL 
ON ALCOHOLISM, OP-185, at $2.50 
each. I enclose $ payable to 
the AMA. Allow 4-5 weeks for delivery. 


Name 
Address 
City/State/Zip 








Books 


in Chniczl Camcer, vol 7, edited by 
Irving M. Ariel, :62 »p, $35, New York, Grune & 
Stratton Inc, 1978. 

This volume B a 254-page compen- 
dium of articles that constitute a 
selective rewew. The volume is di- 
vided into tour sections. The first, 
entitled "Aa Overview of Cancer 
Sereening, Diagnosis and  Treat- 
ment.” contains two chapters on the 
National Cancer Program adminis- 
tered by the National Cancer Institute 
and on the volunteer organization of 
the American Cancer Society. They 
only provide-an overview of the histo- 
ry, organization, and funding, and 
general program descriptions of these 
efforts, whieh might be of general 
interest to the newcomer in the cancer 
field but hardly live up'to the title of 
the book. The third chapter in this 
section contains a rational discussion 
of the realities and problems asso- 
ciated with -he defense of and incor- 
poration of screening programs into 
the health system, and stresses that 
research and eontrolled studies are 
required for the justification of cost- 
effective scrsering programs in most 
areas. 

The second sectien, entitled “Diag- 
nosis,” contains two chapters updat- 
ing the deseriptive statisties on the 
growing experience with gastroscopic 
and colonoscopic examinations. For 
diagnosis, these are invaluable ad- 
vances. For screening and treatment 
evaluation, sontrolled studies are still 
required. 

The third:seetion, entitled "Specific 
Tumors," contains six chapters on the 
role of radiotherapy for large-bowel 
cancer, osteosarcoma, Hodgkin’s dis- 
ease. breast-cancer ("The case against 
tylectemy”) the relationship of delay 
in treatment to prognosis, and 
pheochromoeytoma. The chapters are 
all informative and are current 
reviews, but the one by Bernard 
Gardner synthesizes the important 
advances ir tainking regarding the 
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extreme variance in the biological 
virulence of cancer and the impact 
this has on many traditional concepts 
about cancer. 

The fourth and final section, enti- 
tled "A Symposium on Liver Cancer," 
occupies two fifths of the volume and 
contains nine well-written chapters on 
the origin, behavior, diagnosis, and 
treatment of hepatic cancer, provid- 
ing an excellent review on primary 
and metastatic neoplasia of the liver. 

JOHN S. SPRATT, MD 
Louisville 


Carcinoma of the Colon and Rectum, edited by 
Warren E. Enker, 400 pp, illustration, $32.95, 
Chicago, Year Book Medical Publishers, 1978. 

This book is rigorously edited by a 
surgical oncologist who incisively com- 
ments on and places in perspective the 
contributions of his 31 invited authors. 
While the majority are distinguished 
surgeons, Dr Enker has also succeeded 
in attracting concise chapters by such 
well-known students of gastrointesti- 
nal oncology as J. B. Kirsner, C. G. 
Moertel, M. Lipkin, and E. L. Wyn- 


der. 


The book first attempts to provide 
current statements on diagnosis and 
treatment of colorectal cancer, and it 
succeeds in this aim far better than 
standard surgical texts. Unfortunate- 
ly, no new breakthrough is described. 
Instead, like football coaches, each 
author painstakingly emphasizes 
“fundamentals,” starting with de- 
tailed preparations for the barium 
enema examination, proceeding 
through descriptions of radical sur- 
gery, and ending with a very informa- 
tive discussion by C. E. Platz of why 
the pathologist and the clinician must 
work together in treating colorectal 
neoplasms. These exhortations are all 
very necessary, but they remind us 
that we have not really improved the 
survival rate of colorectal cancer 
patients significantly since World 


War II. 

The reader then turns expectantly 
to Moertel’s chapter on chemotherapy 
of colorectal cancer and is greeted 
with the brutally frank statement 
that at present neither adjuvant ther- 
apy after standard resection nor 
chemotherapy alone in advanced 
colorectal cancer are effective in 
prolonging life. However, Moertel 
does tell us that new data from multi- 
modality studies are on their way. Nor 
is any comfort found in Mavligit's 
chapter on clinical immunotherapy of 
colorectal cancer, a treatment modali- 
ty that is in its infancy and is plagued 
by an insufficiency of adequately 
controlled treatment data. 

Eighty-two pages are then devoted 
to experimental immunology, an area 
of no interest to the average clinician 
except in one regard. Enker's state- 
ment that carcinoembryonic antigen 
monitoring and second-look opera- 
tions are still only at a research state 
will relieve the surgeon in the commu- 
nity setting who wonders whether he 
need offer these modalities to his 
colorectal cancer patients now. The 
book ends with 96 pages on possible 
causes of colorectal cancer, which 
provide surprisingly little new materi- 
al when compared with Burdette’s 
book on Carcinoma of the Alimentary 
Tract (Salt Lake City, University of 
Utah Press, 1965), published 13 years 
earlier. 

There is some duplication and also 
some lack of integration between 
chapters, reflecting rapidly changing 
opinions in this field. This is no prob- 
lem, for under the watchful eye of 
their editor all contributors speak 
with utter candor. I recommend that 
anyone interested in learning current 
opinions of a group of experts on 
colorectal cancer take the time to read 
it now. 


HasriNGS K. WRIGHT, MD 
New Haven, Conn 
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are developed at Pilling. 


Wylie 
Hypogastric Clamp 


Pilling kas been the craftsman behind almost 
every improvement in vascular clamps. 


Pilling has more clamps than any other 
compary. Only three of our recent clamps are 
skcwn above; yet our list is extensive and new 





Atravgrip” Serraticn Complete vessel Life-Lok* Construction. 


occlusion. Wit ntimai protection. No riveted pin. Box lock won't break. 


designs-are constantly in production. For aortic 
and pesipheral vascular occlusion, 350 different 
Pillng clamps match the anatomical consid- 
erctions for almost every surgical approach 
you use 


Every Fling clamp gives you these exclusive 
benefits 

e Non-taumatic Atraugrip? jaw serrations — 
patented by Pilling and now widely imitated, 
grasp wessels firmly without crushing. Five 
diferert jaw patterns are available: Atraugrip®, 
Small Atraugrip®, Atraugrip® (2 x 3), Cooley, 
and Pediatric, lmm. You get complete vessel 
occlusien with intimal protection. 






e You've had box locks break. It'll never happen 
again. Pilling box locks are virtually indestruc- 
tible — they will not break! Our Life-Lok® 

box lock construction protects your patient 

and assures confidence in your clamps. 


We want to send you full specifications on the 
clamps that can enhance your surgical technique. 
Call us direct. We'll send you our 240 page 
catalog showing how Pilling clamps can do more 
for you in the operating room than any other 
clamps. 


Call toll free. Ask for Pilling's latest catalog of 
vascular, thoracic, and cardiac instruments. 


800-523-6507 


215-643-2600 in Pennsylvania or write 
Mr. William Taylor at the address below. 


<> NARCO PILLING 


A Division of Narco Scientific 
Delaware Drive 


Fort Washington, PA 19034 e U.S.A. 





Keflex 


cephalexin 


available in dosage forms 
for patients of all ages 


Additional information available to the profession on request. 
Eli Lilly and Company * Indianapolis, Indiana 46206 


700480 








Oral Suspension oe 


125 mg. per 5-ml. teaspoonful 
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500-mg. Pulvules’ 


Oral Suspensig 


250 mg. per 
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250-mg. Pulvules 
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One 30-mg capsule /.s. — usual adult dosage 
(15 mg may suffice in some patients). 

One 15-mg capsule h.s.—recommended initial 
dosage for elderly or debilitated patients. 


Before prescribing Dalmane ( flurazepam HCI), 
please consult complete product information, a 
summary of which follows: 
Indications: Effective in all types of insomnia 
characterized by difficulty in falling asleep, 
frequent nocturnal awakenings and/or early 
morning awakening; in patients with recurring 
insomnia or poor sleeping habits; in acute or 
chronic medical situations requiring restful 
Sleep. Objective sleep laboratory data have 
shown effectiveness for at least 28 consecutive 
nights of administration. Since insomnia is often 
transient and intermittent, prolonged adminis- 
tration is generally not necessary or recommended. 
Contraindications: Known hypersensitivity to 
flurazepam HCI. 
Warnings: Caution patients about possible com- 
bined effects with alcohol and other CNS depres- 
sants. Caution against hazardous occupations 
requiring complete mental alertness (3: 
operating machinery, driving). 
Usage in Pregnancy: Several studies of 
minor tranquilizers (chlordiazepoxide, 
diazepam, and meprobamate) suggest in- 
creased risk of congenital malformations 
during the first trimester of pregnancy. 
Dalmane, a benzodiazepine, has not been 
Studied adequately to determine whether 
it may be associated with such an in- 
creased risk. Because use of these drugs 
is rarely a matter of urgency, their use 
during this period should almost always 
be avoided. Consider possibility of preg- 
nancy when instituting therapy; advise 
patients to discuss therapy if they intend 
to or do become pregnant. 
Not recommended for use in persons under 15 
years of age. Though physical and psychological 
dependence have not been reported on recom- 
mended doses, use caution in administering to 
addiction-prone individuals or those who might 
increase dosage. 
Precautions: |n elderly and debilitated patients, 
t is recommended that the dosage be limited to 
l5 mg to reduce risk of oversedation. dizziness, 
contusion and/or ataxia. Consider potential 
additive effects with other hypnotics or CNS 
lepressants. Employ usual precautions in pa 
lents who are severely depressed, or with latent 
lepression or suicidal tendencies, or with 
mpaired renal or hepatic function. Periodi 
100d counts and liver and kidney function tests 
ire advised during repeated therapy. 
Adverse Reactions: Dizziness. drowsiness, light- 
leadedness, staggering, ataxia and falling have 
\CCurred, particularly in elderly or debilitated 
atients. Severe sedation, lethargy, disorienta 
ion and coma, probably indicative of drug intol- 
rance or overdosage, have been reported. Also 
eported: headache, heartburn, upset stomach, 
ausea, vomiting, diarrhea, constipation, GI 
ain, nervousness, talkativeness, apprehension, 
ritability, weakness. Palpitations, chest pains, 
ody and joint pains and GU complaints. There 
dave also been rare occurrences of leukopenia, 
anulocytopenia, sweating, flushes. diffic ulty in 
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Xcusing, blurred vision. Durning eyes, faintness, 
/potension, shortness of breath, pruritus, skin 

ish, dry mouth, bitter taste, excessive saliva 

on, anorexia, euphoria, depression, slurred 

'eech, confusion, restlessness. halluc inations, 
iraGoxical reactions, e.g., excitement, stimula 

in and hyperactivity, and elevated SGOT, SGPT. 
tal and direct bilirubins and alkaline phosphatase 


osage: Individualize for maximum beneficial effect. 


Ju/ts: 30 mg usual di Sage; 15 mg may suffice in 
me patients 
derly or debilitated patients: 15 mg recom- 
ended initially until response is determined. 
pplied: Capsules containing 15 mg (orange and 
ry); or 30 mg (red and ivory) flurazepam HCI. 
ROCHE PRODUCTS INC. 
Manati, Puerto Rico 00701 
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DAI MANZE 
flurazepam HCI / Roche 


30-mg and 15-mg capsules 





Both in vivc and in vitro studies have established that 
Dalmane dces not interfere with many common laboratory 
tests, inclucing SGOT, glucose, uric acid, triglycerides, 
alkaline phosphatase and total protein.? Rare occurrences 
of elevations have been reported due to pharmacological 
effects (see Adverse Reactions section of product information). 
Unlike carbiturates, which can alter the effect of 
coumarin anticoagulants, Dalmane may be used in petients 
on chronic warfarin therapy; no unacceptable fluctuction 
In prothromin time has been reported. 5.6 
When asleep medication is indicated. ..consider 
Dalmane, with an unsurpassed record of safety. 
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David S. Summer, MD: James B. Russell, BS; Don E. Ramsey, MD, Springfield, Ill; 
Waleed M. Hajjar, MS, Worcester, Mass; Richard D. Miles, PhD, Springfield, III 
Pulsed doppler imaging detected 8996 of all stenoses greater than 40%. ` 


Carctid Endarterectomy in the Presence of Contralateral Carotid Occlusion: 


he Role of EEG and Intraluminal Shunting .......................... 
Martin R. Phillips, MD; Willard C. Johnson, MD; R. Michael Scott, MD; 


4 fc esd And aba A waa Nu svo eus Cop ppdi ume nda jy Sua no ra waren Daan Aorta Eo DIE eet 


Rudolph W. Vollman, MD; Harvey Levine, MD; Donald C. Nabseth, MD, Boston 
EEG monitoring proved valuable in determining need for a shunt 


and in recognizing a poorly functioning shunt. 


Endothelial Response to Venous Injury ........ 
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William Krups&i, MD; Erwin R. Thal, MD; Bruce L. Gewertz, MD; L. Maximilian Buja, MD; 
Mark E. Murphy, PhD; Herbert K. Hagler, PhD; William J. Fry, MD, Dallas 
Moderate amounts of fibrin deposition at anastomoses can retard endothelial healing. 


Noninvasive Prediction of Amputation Level in Diabetic Patients .................. AA mere E P C UE ATONMPL RAS LS MIR Eee 


Gary W. Gibbens, MD; Frank C. Wheelock, Jr, MD; Carol Siembieda, RN; 
Carl S. Hoar, Jr, MD; John L. Rowbotham, MD; Alfred B. Persson, MD, Boston 
No diabetic patient should be denied a more conservative amputation solely on the basis 


of untavorable noninvasive test results. 
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J. Dennis Baker, MD, Sepulveda, Calif, Ronald W. Busuttil, MD, PhD, Los Angeles; 
Wiley F. Barker, MD, Sepulveda, Calif; Herbert |. Machleder, MD, Los Angeles 
The safety and effectiveness of these procedures in poor-risk patients is demonstrated. 


Reoperation fer Recurrent Coronary Artery Disease: Causes, Indications, and Results in 168 Patients... 1269 
George 4. Real, Jr, MD; Denton A. Cooley, MD; David A. Ott, MD; Aldemir Coelho, MD; 


Liberato Chapa, MD; Ivo Eterovic, MD, Houston 


Graft failure, progression of atherosclerosis, and incomplete initial 
operation were the reasons for initial failure and need for reoperation. 


Aortic and Mitral Prosthetic Valve Reoperations: Early and Late Results eae Be pe va Ee 1279 
Stephen J. Ressiter, MD; D. Craig Miller, MD; Edward B. Stinson, MD; Philip E. Oyer, MD; 


Bruce A. Reitz, MD: Norman E. Shumway, MD, Stanford, Calif 


Early prosthetic valve replacement is advocated to correct abnormalities 


before severe ventricular decompensation occurs. 
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1. provides broad-spectrum, overlapping antibacterial effectiveness against 


ITS HIGHLY 


common susceptible pathogens, including staph and strep 


2. 
startec 


3. it's good medicine for abrasions, lacerations, open wounds, primary 
pyodermas, secondarily infected dermatoses; and it's painless 


and cosmetically pleasing 


4. 


helps prevent topical infections, and treats those that have already 


contains three antibiotics that are rarely used systemically, so 


the risk of sensitization is minimal 


foil packet 


NEOSPORIN Ointment 


you can recommend it in any of the three convenient package 
sizes: 1 oz tube, 2 oz tube, or the versatile, single-use 


(polymyxin B-Dacitracin-neomycin 


Each cram contains: Aerosgorin* (Polymyxin B Sulfate) 
5.000 units. bacitrecin zinc 400 units, neomycin sulfate 
5 mg (equivalent to 35 mg meomycin base); special white 
petrolatum qs; in tubes of 1 oz and 1/2 oz and 1/32 oz 
(approx.) foil packets 


WARNING: Because of the potential hazard of nephro- 
toxicity and ototoxicity due to neomycin. care should be 
exercised when using this product in treating extensive 
burns, trophic ulceration amd other extensive conditions 
where absorption af neomycin is possible. In burns where 
more “han 20 percent of ™e body surface is affected, 
especially if the patient has impaired renal function or is 
receiving other am noglycoside antibiotics concurrently, 
not more than one application a day is recommended. 


When using neomycin-containing products to control 
secondary infection in the chronic dermatoses, it should 
be borne in mind that the skin is more liable to become 
sensitized to many substances, including neomycin. The 
manifestation of sensitization to neomycin is usually a low 
grade reddening with swelling, dry scaling and itching; it 
may be manifest simply as a failure to heal. During long- 
term use of neomycin-containing products, periodic 


. examination for such signs is advisable and the patient 


should be told to discontinue the product if they are ob- 
served. These symptoms regress quickly on withdrawing 
the medication. Neomycin-containing applications 
should be avoided for that patient thereafter. 


PRECAUTIONS: As with other antibacterial preparations, 


RECOMMENDED... 
AND FOR GOOD REASONS 


selected 

by NASA for 

the Apollo and 
Skylab missions 


prolonged use may result in overgrowth of nonsusceptible 
organisms, including fungi. Appropriate measures should 
be taken if this occurs. 


ADVERSE REACTIONS: Neomycin is a not uncommon 
cutaneous sensitizer. Articles in the current literature 
indicate an increase in the prevalence of persons allergic 
to neomycin. Ototoxicity and nephrotoxicity have been 
reported (see Warning section). 


Complete literature available on request from Profes- 
sional Services Dept. PML. 


Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome / North Carolina 27709 
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VITAL 


NUTRITIONALLY COMPLETE 
HYDROLYZED DIET 


a new dimension in enteral feeding... 





e Mild, appealing flavor to help ensure e Calorie/nitrogen ratio recommended for 
compliance with oral feeding regimens effective protein sparing and metabolism: 
e Low osmolality: 450 mOsm/kg water to 150 Calories/g nitrogen 
avoid potential for dumping syndrome or @ Less than half the cost of currently available 
cther GI distress commonly associated with high-nitrogen diet of free amino acids 
dementa ces; Makers of Ensure®, Ensure®Plus, Ensure® Osmolite™, 
e High levels of nitrogen for the stressed Polycose® 
petient: 10 g nitrogen per 1500 Calories ROSS LABORATORIES 


COLUMBUS, OHIO 43216 
Data cn ingredients and nutrient content available upon request ROSS Division of Abbott Laboratories, USA 
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'. ,.it has long been recognized that anxiety, tension, agitation, and apprehension are all capable 


of increasing pain perception...” 
Halpern L M: Anxiety and pain in postoperative patients. Hospital Practice (special report), January 1977, pp 31-33 


Following surgery... 
the perception E | 
of pain diminished by a In 





Vistaril LM. 


hydroxyzine HC I 


— reduces the anxiety component of pain 
— permits reduction in narcotic dosage 
— controls emesis 





Please see Brief Summary on following page for contraindications, precautions and adverse reactions. 
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J. Vistaril iv. 
E (hydroxyzine HCl) 


: 100 mg/2 ml— 50 mg/ml and 
25 mg/ml Vials and Isojects® 


preoperatively 
and 
postoperatively 
e allays presurgical anxiety...allays 
the anxiety that may heighten the 
perception of postoperative pain 
e may enhance the effects of analgesics 
and reduce narcotic requirements 


+ 





e controls postoperative emesis 

_ e vital signs are seldom impaired 
(Involuntary motor activity, includ- 
ing rare instances of tremor and 
convulsions, has been reported, 
usually with higher than recommen- 
ded dosage.) 
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BRIEF SUMMARY 
VISTARIL? (hydroxyzine hydrochloride) 
Intramuscular Solution/For Intramuscular Use Only 
» — . Contraindications: Hypersensitivity to hydroxyzine. 
ee The solution is for intramuscular use only and 
: — should not, under any circumstances, be injected 
p subcutaneously, intra-arterially, or intravenously. 
" Hydroxyzine, when administered to the pregnant 
x mouse, rat, and rabbit, induced fetal abnormalities 
|. 
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~-= A jn the rat at doses substantially above the human 
therapeutic range. Since adequate data are not 
available to establish safety in early pregnancy, 
hydroxyzine is contraindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE 
THE ACTION OF CENTRAL NERVOUS SYSTEM 
E DEPRESSANTS SUCH AS NARCOTICS AND 
E- BARBITURATES. In conjunctive use, dosage for 
_ these drugs should be decreased as much as 50°%/o. 
Because drowsiness may occur, patients should 
Pics be cautioned against driving a car or operating 
. . dangerous machinery. The usual precautions for 
p intramuscular injection should be followed; soft- 
= tissue reactions have rarely been reported when 
= proper technique has been used. Hydroxyzine 
E X. intramuscular solution should be injected well 
—— within the body of a relatively large muscle. Inad- 
— . vertent subcutaneous injection may result in signif- 
— icant tissue damage. In adults, the preferred sites 
~ — are the upper outer quadrant of the buttock (i.e., 
B: gluteus maximus), or the mid-lateral thigh. In 
— children, preferably the mid-lateral muscles of the 
thigh. In infants and small children, the upper outer 
quadrant of the gluteal region should only be 
used when necessary, as in burn patients, in order 
Fa to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if 
t well developed, such as in certain adults and older 
children, and then only with caution to avoid radial 
3 nerve injury. Intramuscular injections should not 
be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid 
inadvertent intravascular injection. 
D Adverse Reactions: Drowsiness may occur; if so, it 
EX. is usually transitory and may disappear in a few 
} days of continued therapy or upon dosage reduc- 
tion. Dryness of the mouth may occur with higher 
doses. Involuntary motor activity, including rare 
instances of tremor and convulsions, has been 
f reported, usually with doses considerably higher 
- than those recommended. 
Supply: Vistaril (hydroxyzine HCl) Intramuscular 
Solution: 25 mg/ml—10 ml vials; 50 mg/ml—2 ml 
and 10 ml vials; Isoject®, 25 mg/ml and 50 mg/ml— 
1 ml fill; 100 mg/2 ml—2 ml fill. 
Military Depot: NSN 6505-00-052-1367 (50 mg/ml, 
10 ml vials) 
VA Depot: NSN 6505-00-052-1367B (50 mg/ml, 
10 ml vials) 
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Papers Reac Before the 27th Scientific Meeting of the International 
Cardiovascular Society, Nashville, Tenn, June 28-30, 1979 


Recognition 


William S. Blakemore, MD 


| Lesson from our peers is indeed a fine honor, and 
vou have given me, as president, generous return for 
those contributions I have made, especially as I compare 
them to those of other members of this Society during the 
past £7 years. In seme instances, this office has been filled 
by persons whe have given unusual services. Since I remain 
in your debt for this position, I shall try to bring you 
- information that to some will be new, and to others will 
offer a perspective for better understanding of the contri- 
butions being mace contemporarily. 

In the course »f publie service, election to office is 
recognition that can be obtained by various programmed 
campaigns by polEicians. Usually, prior records of service 
and accomplishment are factors, but agile use of the 
techriques of publicity is helpful. There are elements of 
this in the eleeted offices in professional societies. Popular- 
ity, »ersonality, and institution of training often have 
weigat equal or greater than that of the scientific contri- 
- butiens of the office holder, or than that of originality, 
servite, or even ability. Fortunately, there is still high 
regard for professional contributions that advance the 
scientifie basis ef the practice of medicine. In looking at 
recognition broadly, the process is even more capricious. 
Ther» is a significant hiatus in the recording of the 
achievements of scientists in the annals of history. As 
historians record the events, there is much greater empha- 
sis on political and social affairs and military accomplish- 
men:s, despite the faet that improvement of health with 
advancements in sanitation and medical knowledge have 
cont-olled the major diseases, which were enormous factors 
in the lives of these of past generations. The discovery of 
antibiotics or of the genetic code and methods of altering it 
may indeed have significance equal to or greater than that 
of a major battle such as Waterloo, where if the victors and 
vancuished had reversed roles, there merely would have 
beer some other 3eld or village, now unknown, where at a 
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later date results similiar to those of Waterloo would have 
occurred. 

To be eritical of those outside our profession might 
provide us with the basis for a more critical examination 
within. In the selection of persons who are given outstand- 
ing recognition, persons are singled out from those on a 
plateau of knowledge that has been established by many 
who should also get significant credit. The historians, who 
often have little background of scientific knowledge from 
which to write, can be cited for not recognizing the 
contributions of those in medicine. Today, lay writers 
project the image of the surgeon before the public without 
due recognition for the supporting team. In contrast, those 
in other specialities of medicine and of basic science, 
particularly, when selecting laureates for national and 
international honors, have usually omitted the contribu- 
tions of surgery. Even such an obvious contribution to the 
advancement of open-heart surgery as the heart-lung 
machine has not achieved for some of the members of this 
Society the highest awards. Some basic scientists and 
physicians in medicine even satirize and belittle the contri- 
butions of surgery, perhaps in compensation for what is 
acknowledged as undue credit to individual persons by lay 
people and by less informed medical groups, for whom the 
excitement and drama in the daily life of a surgeon is 
easily transposed onto television screens and into maga- 
zine articles. If you can accept this with bias as originating 
from a surgeon, then perhaps further statements that will 
refer to equal failings within our speciality of not provid- 
ing prominent recognition to many will be equally accepted 
as we turn to the lack of adequate recognition for many 
who have made the advancement of surgery so spectacular 
during our careers. I have neither the time nor the 
knowledge to fairly apportion the accolades among those 
who should have them. In fact, I cannot even list all. From 
experience in surgical research extending over 35 years, I 
shall try to give a few examples that relate to cardiovascu- 
lar surgery and of necessity speak of some personal 
experiences. It is not my purpose to criticize our profession 
for not taking time to honor others, for certainly we have 
constantly sought to share the most important contribu- 
tions for the advancement of knowledge in our specialty at 
our meetings in the limited amount of time available, and 
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this presentation itself diverts us from our primary 
pursuit. 

I have had a medical artist develop a montage illustrat- 
ing the multitude of efforts often required to do successful 
research. To start with a basic concept, how much emphasis 
can we give the philanthropist (Fig 1) who endows a school, 
hospital, research laboratory or department, or professorial 
chair? I offer you the names of McGill, Mosely, Guthrie, 
John Rhea Barton, Johns Hopkins, and others who get 
daily scientific recognition for their past financial contri- 
butions, the importance of which are beyond challenge. In 
fact, many of us recognize the outstanding and unique 
value of such memorials to donors by these contributions, 
and this is one of the reasons that the number of chairs and 
of major contributions in the health fields increases yearly. 
I personally should recognize the importance of the contri- 
bution of J. William White, himself a famous surgeon, who 
established a chair at the University of Pennsylvania that 
enabled me to continue to work in the surgical research 
laboratories endowed by the Harrison family. Although 
White was an outstanding professor of surgery, estab- 
lished an American hospital in France, and was editor of 
the Annals of Surgery, he was equally well known in 
Philadelphia for obtaining the Army-Navy game for Phil- 
adelphia and building the second story on Franklin Field 
(the football stadium), for being the chairman of the 
Fairmont Park Commission, for selecting the great 
portrait painter, Sargeant, to do his portrait, and for 
promoting this famous painter to do the murals at the 
Pennsylvania State Capitol. A wing of the Hospital of the 
University of Pennsylvania has been named for him, but 
few who have passed through the White Building during 
their training programs even knew the background of this 
contributor, much less the fact that he fought the last duel 
with pistols in Philadelphia 100 years ago. In fact, his 
endowment of a chair in surgical research may be his 
broadest form of recognition 60 years after the endow- 
ment. 

In following the use of the endowment, what historical 
credit should go to the person (Fig 1, 2) who guided the 
donor? Often there is a prominent, but soon forgotten, 


clinician or academician who persuades one of his patients 


to make a significant gift to an area within a teaching 
institution. Usually this clinician will get some temporary 
acclaim for the gift and maybe even further recognition 
within the institution by some internal mechanism. 

The long-term success of the proposal lies in the capacity 
of the administrators (Fig 1, 3), often a president of the 
university, who passively or actively provides the structure 
for productive, long-term scientific contribution. His acco- 
lades also come from areas other than those given for 
individual scientific advancement. An outstanding exam- 
ple was William Pepper, dean at the School of Medicine of 
the University of Pennsylvania for 3% decades. It is of 
equal importance that some supervisor (Fig 1, 4) such as 
the chairman of the department, establish, often at a later 
date, the environment for scientific discovery for various 
levels of investigators (Fig 1,6) who enhance the stature of 
the professor and of the institution by his efforts. 
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Althe igh the ideas, the technology (Fig 1, 7, A-C), the 
facilities, and even the identification of the problem are 
often tae professor's contribution (Fig 1, 7A), it is usually 
the energies and the fresh approach brought into the 
project by the young investigators (Fig 1, 7B) that insures 
its completion. The professor will get credit, but he often 
gets longer-term recognition by the effectiveness of his 
teachings as demonstrated through exceptional training of 
a large -umber of pupils. In this regard, we have to look in 
surgery only to the names of Halsted, Churchill, Blalock, 
and Wamgensteen for illustrations. The professor cannot 
tell “how far a beam his tiny light will throw.” 

Other= have contributed (Fig 1, 6) to the relatively high 
state of eur present knowledge in surgery. To an audience 
of surgeons, there is no need to justify the importance of 
the laboratory assistant. None the less, there are, from the 
many laboratories throughout the world, only a few assis- 
tants who have received sufficient prominence to be 
recognizble by name. Perhaps the single exception is that 
of Vivien Thomas, whose portrait more than coineidentally 
hangs beside Alfred Blalock's at Johns Hopkins Hospital. 
Vivien was given an honorary degree of Doctor cf Law by 
Johns Hopkins University, and it was in no small part due 
to the great quality of Dr Blalock, who characteristically 
gave credit generously to all those who were associated 
with him Carrying on in that gentlemanly tradition, the 
“Old Hands,” a group of Halsted’s and later residents, 
brought bout this significant honor to Vivien Thomas. I 
should lise to bring to your attention today at ‘east one 
other laboratory associate whose skills and knowledge, 
brought «bout by a dedicated career, advanced the tech- 
niques of vascular surgery. 

Mr Albert Edward Afford (Fig 2), who was known to 
generatiens of medical students, was recruited for the 
physiology laboratory of the University of Pennsy vania as 
an assistznt by Prof Cuthbert Bazett, chairman of the 
department, also from England. Mr Afford, in addition to 
organizinz the student research equipment for conducting 
laboratory experiments of the students, also assisted in 
many of the experimental studies of the faculty. Professor 
Bazett, vho was interested in the recording of pulse 
tracings during the post-World War II period, arranged to 
get a uniierm plastic tubing, which was the insulation for 
electrical wires, from a paint and varnish company in New 
Jersey. The tubing was soaked in ether and alcohol to 
remove the plasticizers and also to render it nonelastic. It 
was heated and stretched finely enough to go through a 
21-gauge reedle. Mr Afford often required 100 ft o? tubing 
to make a... 2-cm catheter. With the introduction of Dr John 
Lilly’s capacitance manometer, which had a hard 
membrane (the Lilly manometer had a displacement of 
10-5 cc/10 mm Hg), it was necessary to use a catheter that 
had a stiff wall. Mr Afford obtained this by using multiple 
layers of shellac for the exact degree of stiffness, all 
judged by hand. These catheters gave a minimal amount of 
dampening and distortion to the pulse wave. Later, for 
clinical pre 5lems such as early studies of catheterization of 
the right side of the heart, barium was impregnated for 
roentgenoeraphie visualization of the catheters. No serious 
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consequence came from the use of the catheters, except 
from one that was lest in Professor Bazett's arm and was 
subsequently recovered from the arteriosclerotic vessel by 
a surgical procedure performed with the patient under 
local anesthesia. This may give you some insight as to the 
extreordinary person Professor Bazett was and to the 
extraordinary skills that Afford had developed in the 
laboratorv. Recognizing that this was a new modality with 
many uses and having used the catheters in conjunction 
with the medical eneologist for local infusion of anticancer 
agents, I asked Mr Afford to make some catheters for me 
to take to Swecen when I went there as a visiting fellow 
with Clarence Crafoord. Unknown to me, they were punc- 
turirg the left atrkim via a right paravertebral transtho- 
racic approach amd I set about to work with Bjork, 
routinely eatheterizing the left side of the heart in patients 
who were candidates for surgical treatment of mitral or 
aortic valvular disease, using Mr Afford's catheters. The 
history of the use of this technique is of some interest in 
that not all medical knowledge and technique is transmit- 
ted by publication. H. Hansen and E. Carlens had devel- 
oped a technique fer catheterization of the left or the right 
main pulmonary arteries with balloon-tipped catheters to 
blockade the vesse! as a method of evaluating the relative 
contribution of a damaged lung prior to pneumonectomy. 
On reporting che work of pulmonary artery blockade in 
England, Carlens was approached by an English physician, 
whe related that zs a young investigator in a physiology 
laboratory he had used needle puncture through the chest 
wall of all of the major vessels within the thorax and the 
chambers of tke heart and had drawn samples of blood. His 
supervisor in a mest authoritative manner told the young 
investigator that if he published this material he would be 
discharged, and the work was carried no further. On 
returning to Sweden, Carlens related the story, and Bjork 


anc Crafoord and che others, recognizing the importance of | 


the work of the Caban investigators doing left ventricular 
punctures across the chest wall anteriorly, looked for a 
safer method of puncturing the chambers of the left side of 
the heart for diagnostic purposes. They chose the posterior 
transthoracic right paravertebral approach to puncture the 
lef- atrium between the entrance to the pulmonary veins, 
which were extrapericardial. They measured pressures in 
the left atrium and recorded the pulse contour in patients 
with mitral valvular disease directly through the needle, 
using at that time a pressure manometer of Danish 
manufacture that also had a hard membrane. It was 
necessary to use the hard-wall catheters to minimize 
dampening and distortion of the pulse curve, and Afford’s 
catheters fit the requirements ideally. With manometric 
improvements, we were later able to use catheters with 
softer walls. Later, we placed one of the fine catheters that 
Afford had manucactured into the atrium and another into 
the ventricle threugh the same needle, and were able both 
to sample blood while injecting radioactive potassium into 
the ventricle and to make some measurement of the 
ameunt of regurgitation and forward flow, chamber 
volumes, and ether analyses by indicator dilution tech- 
niques with Drs Truman Schnable and Hadley Conn. 
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Schnable had been one of the original investigators with 
Bazett in the laboratory. Also in that laboratory was Dr 
William Rashkind, who is known for his atrial balloon 
septostomy by most of the clinieians in this audience. 

Afford's dedication to his eareer and the contributions he 
made for generations of investigators have not always 
been recognized in the publications that emanated from 
this work, but no doubt he had developed skills that added 
greatly to the success of the program. 

After the technique of successful puncture of the left 
atrium came a variety of procedures within the next few 
years, prior to development of the now accepted percuta- 
neous retrograde arterial catheterization for the catheteri- 
zation of the left side of the heart. Needles were devised to 
approach through the suprasternal notch, puncturing the 
arch of the aorta twice as a route to the left atrium. Others 
were developed by Allison and Morrow for puncturing the 
atrium via the left main bronchus as it crossed the enlarged 
left atrium. Italian investigators published a technique for 
catheterization through the saphenous vein to the right 
atrium using a transeptal puncture. Others of us used a left 
anterior thoracic approach for puncturing the left ventricle 
directly in those patients in whom we were unable to get 
catheters through the mitral valve and particularly where 
the left atrium was small and recordings of ventricular and 
aortic pressures for the aortic valvular disease were clini- 
cally useful as diagnostic studies. Others tried to approach 
the left ventricle from the substernal approach across the 
“bare area” of the right ventricle through the septum into 
the left ventricle. Angiographic techniques were even 
developed using injection via these routes and using early 
angiographic equipment. Fortunately, safer techniques are 
available today, but the routine diagnostic information 
obtained by the technic using Afford’s catheters was a step 
in developing the knowledge leading to today’s studies. 

. Another highly skilled laboratory associate who reached 
the acme of his profession but was not fully acknowledged 
among medical scientists was James D. Graham, Sr (Fig 3), 
the glassblower at the University of Pennsylvania for more 
than 40 years. He was appointed to the University of 
Pennsylvania after World War I because of his skill, and 
was the first glassblower to be employed in a medical 
school. In 1924, he also became the glassblower for the 
Marine Biological Laboratory at Wood’s Hole, Mass, and he 
returned there during the summer for 40 years. His skills 
were in such great demand that, in addition to blowing the 
micropipettes for puncture of the single glomerulus of the 
frog kidney for Alfred Newton Richards, he also, during 
his lifetime, made scientific glass equipment for the five . 
Nobel laureates: Dr George Wald, Albert Szent-Gyorgi, 
Otto Meyerhof, Otto Warburg, and William Hunt Morgan. 
His most widely known contribution of value to the 


vascular surgical society was that he was the sole producer — a 


of glassware for the syringe developed by Pieter F. 
Scholander. Dr Scholander’s technique for gas analysis of 
the single bubble was responsible in revolutionizing the 
physiology of blood gases between the time of Van Slyke’s 
apparatus and that of physical methods using electrodes. 
In fact, Dr Scholander arranged for Mr Graham to spend 
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an academic year at the physiological institute in Bergen, 
Norway, as a guest of the Norwegian government, where 
he helped develop their new laboratory and trained Norwe- 
gian glassblowers in specialized techniques for making 
scientific glassware. 

The demands on Mr Graham's time were extraordinary 
and I had the good fortune to have a physician-patient 
relationship with him as a house officer when he was 
admitted to the hospital with multiple squamous cell 
lesions of the hands, an occupational hazard. Generally, he 
gave me some priority over others who would talk with 
him, and we created a newly designed piece of apparatus 
for the extraction of carbon monoxide from blood, adapted 
after the technique previously used for the analysis of 
nitrous oxide. Using an infrared carbon-monoxide analyzer 
that had recently become available, we were able to analyze 
for minute quantities of carbon monoxide in blood, a 
technique heretofore not available to us. We soon learned 
that blood during this process produced carbon monoxide in 
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small ameunts as the hemoglobin molecule was degraded. 
The alphz methene bridge carbon was degraded first to a 
carbonyl form and then to free carbon monoxide, with the 
production of one molecule of carbon monoxide during the 
degradation of hemoglobin to bilirubin. The exact site of 
the donor carbon atom was identified through an experi- 
ment with Dr George D. Ludwig (Fig 4), who is also cited 
later as tae originator of the basic observations on the 
passage o^ sound through tissue. With the new gas tech- 
nique, we then proceeded to measure the levels of carbon 
monoxide in blood in smokers and nonsmokers and to prove 
the accuracy of methods of blood volume determination by 
carbon monoxide methods compared simultaneously in 
man with other methods. The techniques were further 
developed with Prof Robert Forester, now chairmen of the 
Departmeat of Physiology at the University of Pennsyl- 
vania, for the analysis of carbon monoxide on the mass 
spectrome-er, and a new single-breath diffusion test for 
measurement of the diffusion capacity of the lung was 
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Fig 2.—Albert E. Afford was a laboratory assistant in the Depart- 
ment of Physiology at the University of Pennsylvania. He devel- 
opec the expertse ef making small-diameter catheters for the 
measurement of intravascular pressures. 


Fig 3.—James D. Graham, Sr, was an extraordinarily skilled 
glassblower who made technical precise equipment for many 
investigators, including the Scholander syringe. 


reported. The affinity of hemoglobin for carbon monoxide 
was recalculated by determining Haldane's "M" factor 
during the partitioning of carbon monoxide and oxygen in 
their affinity for hemoglobin. A series of studies initiated 
from the work were developed by a number of investiga- 
tors and showed the source of uncommonly high levels of 
carbon monoxide in patients who had had blood destruction 
either prior te the erythrocyte entering the circulation or 
for some other cause, such as severe anemia. This work 
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Fig 4.—George D. Ludwig, 
MD, who as a young investi- 
gator published the data on 
the transmission of sound in 
tissue. His great depth of 
knowledge in basic disci- 
plines in medicine was the 
basis for a wide variety of 
contributions during his ca- 
reer. 


confirmed the work of the Swedish investigators who had 
used a hopcalite analyzer, but the new technique and the 
highly precise equipment developed by Graham was an 
important part of being able to initiate our study. Jimmy 
Graham's contribution to the work of those interested in 
blood gas physiology is well recorded by a select group of 
pulmonary physiologists, but is not as well known to many 
clinieians who have benefitted from these contributions. 
We used other glassware in the study of adrenalectomy 
and sympathectomy for severe hypertension during which, 
in the analysis of adrenal venous blood, we isolated six 
steroids that had not been previously identified in man. We 
showed, in the ineubates of adrenal cortex, that medulla 
added to the mixture increased the yield. This result was 
shown to be due to cytochrome P-450, and this study has 
been followed up by extensive biochemical research on the 
role of this enzyme in the hydroxylation of the steroid ring 
and of other ring compounds. Much of the earlier equip- 
ment was made or repaired by Jimmy Graham. 

The next example of a laboratory associate represents 
the full-time researcher and faculty member who has 
dedicated his career to surgical research. One of the men 
who has contributed to the career of many academic 
surgeons and is little known among surgeons is Harry M. 
Vars (Fig 5). Dr Vars received a PhD from Yale and came 
to the University of Pennsylvania in 1934 following Josh 
Sweet, who was a former J. William White Professor and 
who had held that chair prior to going to New York. Harry 
Vars’ contribution to the careers of surgeons is so 
outstanding that I should like a moment to list some of 
those with whom he has had contact in the laboratory. He 
worked in areas of metabolism and nutrition, but also in 
the areas of shock and deep hypothermia. He contributed 
daily to the maintenance of the experimental surgical 
research laboratory at the University of Pennsylvania 
Department of Surgery for more than 40 years. He has 
been described as the "father of surgical nutrition" by Dr 
Frazier N. Gurd and this can certainly be confirmed from 
the contributions he has made in this field. In my respon- 
sibility as associate director of the Harrison department, I 
found him to be the most single important person in the 
day-to-day operation of these laboratories for many years. 
Among those with whom he had association were fellows, 
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colleagues, and many other investigators, whose contact 
with him was more incidental but definite, and who are 
now well-known surgeons. One of Dr Vars’ earliest 
colleagues was Dr I. S. Ravdin, who was director of the 
laboratories for more than 20 years. His collaborators 
included Julian Johnson, professor of surgery, University 
of Pennsylvania, and a president of the Society of Vascular 
Surgeons; Dr Jonathan E. Rhoads; John Rhea Barton, 
professor of surgery; Robert Brown, surgeon general of 
the US Navy; Charles Johnston, professor and chairman of 
the Department of Surgery at Wayne State University; 
Rudolph J. Noer, student and associate of Dr Johnston, who 
was later professor and chairman of the Department of 
Surgery, University of Louisville; John Gibbons, professor 
and chairman of the Department of Surgery, Jefferson 
Medical College; John Lockwood, professor of surgery, 
Columbia University; Harold A. Zintel, assistant director 
of the American College of Surgeons; C. Everett Koop, 
professor of pediatric surgery and chief of surgery at the 
Children’s Hospital in Philadelphia; James D. Hardy, chair- 
man and professor of the Department of Surgery, Univer- 
ity of Mississippi; William S. Blakemore, chairman and 
‘professor of the Department of Surgery, Medical College 
of Ohio; Frazier N. Gurd, professor and chairman of the 
Department of Medicine, McGill University, and director 
of the residency training program for the College of 
Physicians and Surgeons of Canada; Bernard Fisher, 
professor of surgery of the University of Pittsburgh and 
Director of National Breast Study Project; Colin C. Fergu- 
son, professor of surgery, University of Manitoba, and 
chief of surgery of the Children’s Hospital of Winnipeg; 
Marshall J. Orloff, professor and chairman of the Depart- 
ment of Surgery of the University of California in San 
Diego; James C. Thompson, professor and chairman of the 
Department of Surgery, University of Texas at Galveston; 
Stanley J. Dudrick, professor and chairman of the Depart- 
ment of Surgery, University of Texas, Houston; Arthur E. 
Baue, professor and chairman of the Department of 
Surgery, Yale University; John Waldhausen, chairman of 
the Department of Surgery at Pennsylvania State Univer- 
sity at Hershey, and his associates William Pierce, William 
DeMuth, and William Graham; Douglas Wilmore, surgical 
investigator at the Brooke Army Medical Unit; James 
Long, surgical investigator at the University of Texas in 
Houston; Ezra Steiger, surgical investigator at the Cleve- 
land Clinic; Gerald Peskin, professor of surgery, University 
of California, San Diego; David Y. Cooper, professor of 
surgery, University of Pennsylvania; Dale Johnson, profes- 
sor of surgery, University of Utah, and chief of pediatric 
surgery; Jay Jensen; and Sidney Wolfson; and the list 
remains incomplete. This type of record speaks eloquently 
for itself and represents an example of many career 
investigators in surgical laboratories who act as an ency- 
clopedia of knowledge, a storehouse of techniques, and a 
vast source of reference for the young investigators who 
stay varying lengths of time in surgical laboratories 
throughout the country. 
Those who have made important contributions to 
surgery from disciplines outside of medicine have seldom 
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Fig 5.—Herry M. Vars, PhD, “father of surgical nutritior ,"" has had 
a career im the surgical research laboratories and has contributed 
to the careers of many surgeons between 1934 and today. 


had them names reach the level of common recognition 
unless by careful inclusion, such as that which Sterling 
Edwards has given to Mr Tapp, where his name is attached 
to one of the medical devices or instruments. However, the 
names Edman and Sidebottom have a place in the develop- 
ment of vascular surgery. I shall use as an exampl2 Thomas 
Edman, PhD, professor and head of the knitting depart- 
ment of ihe Philadelphia Textile Institute (Fig 6) Many of 
us were then struggling with the so-called "shirt-tail" 
grafts, manufacturing our own from materials purchased 
at randam from department stores, and using the new 
syntheties, such as vinyon-N and nylon. Tubes were sewn 
from these materials and used as substitutes for arteries 
experimentally and in patients. Enterprising investigators 
such as Sterling Edwards, Oscar Creach, and Michael | 
DeBakey., in search of the ideal prosthesis, were using the 

knowledge? of persons in industry who had greater experi- 
ence in tre use of these materials. The momentum of the 
DeBakey group soon produced results when they obtained 
support ‘rom an industrialist, Arthur Hanisch, who had 
arterial « sease. To use the knowledge and experimental 


techniques available in the textile institute, Mr Hanisch 


approached Professor Edman through his brother-in-law in 
the textile industry. Professor Edman selected the best 
prosthesis from knitted, braided, and woven tubes, and 
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Fig 6.—Thomas Edman, professor and head of the knitting 
department of the Philadelphia Textile Institute, was one of those 
who contributed sicnificantly to the development of vascular 
prostheses. He is pictured with an early model of a machine for 
knitting neckties thet was converted to make seamless pros- 
theses. 


Fig 7.—Donald C. Hart, engi- 
neer with the SmithKline 
Corp, made a number of 
developments that advanced 
the clinical applications of 
ultrasound. 





asked that a knittmg machine designed for manufacturing 
ties be remodeled to make a seamless prosthesis. The new 
synthetic maceniais were selected with the proper tight- 
ness of weave fmom among Dacron, Orlon, and Tefion. 
Prostheses wth branches, and crimping with heat by the 
use of a doubee spiral, a saw-tooth crimp, or a radial crimp 
were among -he Eems considered from his technical back- 
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ground. I do not have the definite information available to 
ascribe priority in these areas among the various contribu- 
tors, but only point out the tremendous improvement that 
came about in the manufacturing of prosthetic grafts due 
to the knowledge contributed from the teachers and schol- 
ars in other fields. Dr DeBakey obtained, among the other 
methods used to acknowledge this collaboration, an 
appointment of Professor Edman to a faculty position at 
Baylor University Medical School. 

Another area hidden from recognition by the profession 
is that of the scientist in the industrial complex. Often 
these contributors of fundamental advancements are over- 
shadowed by their product, and the identification of the 
contributor is known only to his coworkers and to a few 
inside the company. One of those whose contributions have 
been recognized, from his system for the use of ultrasound, 
is Donald C. Hart of the SmithKline Corp (Fig 7). Early in 
1947, Dr George Ludwig (Fig 4), then an intern, was 
persuaded to join us at the Naval Medical Research Insti- 
tute. His work as a student on the use of ultrasound 
techniques as a method of detecting retained gallstones in 
the common duct had interested him further, and drew him 
to measure some of the fundamentals of the transmission 
of sound in body tissues. Using the resources available 
through the Naval Submarine Corps and the Naval Medical 
Research Institute, he wrote a report on the scientific basis 
for the use of ultrasound that is widely recognized in the 
field. He then joined the Massachusetts General Hospital 
Residency Group, and the neurosurgeons and the collabo- 
rators at the Massachusetts Institute of Technology fur- 
ther developed his concepts in the use of ultrasound for the 
mapping of the ventricles. For some time, the clinical 
applications of ultrasound made little progress until new 
instruments were developed. Among these instruments 
was that of engineer, Donald C. Hart. He not only recog- 
nized its usefulness in mitral valve ultrasound studies as 
developed by Dr Claude Joyner at the University of 
Pennsylvania, but he also recognized its usefulness in the 
monitoring of fetal heart sounds. While we were trying to 
use his instrument to convert the signal to audible sound, 
similar to the standard stethoscope, Bernard Sigel of the 
Women’s Medical College asked Hart’s group to change the 
characteristics of the instrument, and he used it for clinical 
evaluation of the venous flow in patients with and without 
venous disease, much as it is used clinically today. The 
science of ultrasound is now burgeoning, and over the 
years of development, a number of surgeons from various 
institutions have applied the instruments developed from 
these industrial laboratories. Here, the contributions of 
Strandness and the group in Seattle also deserve special 
recognition. 


We must also keep in mind that discoveries are usually not made 
by one man alone, but that many brains and many hands are 
needed before discovery is made for which one man receives the 
credit.’ 


In these times, with the huge amount of knowledge 
available, it is convenient to categorize past events under 
the development and recognition of one man. Undoubtedly, 
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generations in the future will use a similar device as they 
review the presentations of our contemporaries. I should 
like to use as an example, with the thought that it might 
increase the honor to all who are signaled as individual 
contributors, the illustration of the ligation of the patent 
ductus arteriosum, which was such a significant landmark 
in modern cardiovascular surgery. I do not mean to detract 
from the honor of Dr Robert Gross, who has made so many 
basic contributions to vascular surgery, but one has only to 
read the history of surgery to recognize that it was in part 
the contributions of the improved technology, diagnostic 
technics, and improved standards of medicine as practiced 
then that made this feat possible, even as today our most 
complicated procedures are woven into the complexity of 
technology of this decade. One of the more interesting 
features of the history of the ligation of the patent ductus 
is that John Monro, in 1907, spoke before the Philadelphia 
Academy of Surgery on an operation that he had never 
seen and never performed in his lifetime, and titled his 
piece Ligation of the Patent Ductus Arteriosus. John 
Monro was a surgeon of some distinction in his practice 
and he carried out the anatomical dissections on cadavers 
of infants to prove that ligation of the ductus was possible. 
The idea was resurrected from time to time and debunked 
by such authorities as Maud Adams, who thought the 
operation too risky and the diagnostic techniques too 
inadequate to consider in a living child. George Hum- 
phreys, emeritus professor of surgery at Columbia, in 1933 
found a patent ductus in a dog, showed that he could ligate 
it, and proposed to the professor of pediatrics that the 
operation be tried. He was curtly dismissed for even 
suggesting the proposal. A few years later, Owen Wangen- 
steen, whose inspiration has been the source of many of our 
surgical accomplishments, had Dr Elliott Cutler, whose 
pioneering work in cardiac surgery had achieved him 
unique distinction, as visiting professor at the University 
of Minnesota. A patient was presented in Grand Rounds by 
Prof George Fahr, a highly qualified cardiologist from 
Minneapolis, who proposed that this young 22-year-old 
woman, who was in heart failure during pregnancy from a 
open ductus, should have ligation of the ductus. Discussion 
centered about whether or not this could be surgically 
corrected, but neither surgeon accepted the challenge and 
few pediatricians or cardiologists thought in terms of 
referral despite the high mortality from bacterial endocar- 
ditis or endarteritis in patients with the uncorrected lesion. 
Finally, Reginald Fitts, at the encouragement of a cardiol- 
ogist, Dr Ashton Greybie, referred a patient to Dr John 
Strieder in 1937, who attempted to close the ductus by 
direct suture. The intervention with surgical treatment in 
this patient, whose prognosis was certain death, unfortu- 
nately did not alter the ultimate course of her disease. In 
the meantime, John Hubbard, a pediatric cardiologist at 
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Children's Hospital in Boston who knew of Monro's work 
but apoarently not of that by those at Massachusetts 
General Hospital and at other areas of the city, searched 
for the patient and the surgeon to carry out the operation 
of ligat:on of patent ductus. Many of you are familiar with 
the tremendous contribution Dr Hubbard has made in 
medicire through his work with the National Board of 
Medica. Examiners, and he, indeed, showed early in his 
career the foresight and leadership in looking for a surgical 
treatment of congenital heart lesions. Having discussed 
the ma:ter with Robert Gross and having selected the 
patent duetus as the best choice, Gross ligated the patent 
ductus m a patient in 1938. The operation was done with 
the chief of surgery, Dr Ladd, away from the hcspital, and 
before Cutler could find a suitable patient. Whether this 
was by coincidence or necessity has never been zompletely 
defined. The improvements in the technical prozedures, in 
the instrumentation, in the anesthesiology, in the preoper- 
ative and postoperative care, and the stimulus to diagnose 
that operative procedures such as this have had is recorded 
over the next four decades. One could easily have taken the 
history ef mitral valve surgery, coarctation of the aorta, or 
many of the other specific operations and illustrated the 
contributions of many people prior to their successful 
accompl shment. 

Today, the presentations that we have hea-d at this 
meeting are each establishing a new base for the accom- 
plishment of other procedures. The discussion and the 
sharp ecunterarguments only serve to solidify the facts 
that often appear as simple. Each contribution brings us to 
a new level, which establishes better treatment and the 
basis for future achievement. The interest amcng young 
surgeons in peripheral vascular and cardiovascular surgery 
continues and the promise of new and better procedures, as 
well as tae wide spectrum of lesions surgically correctable 
today leeves us at some midpoint in progress. Certainly the 
process by which we assess and collect new knowledge will 
continue for an unforeseeable length of time, until evolu- 
tion or invention provides us with better physical adapta- 
tion or intellectual capacity. Most of our progress is made 
in a step-by-step fashion and if a person sudden y rises to 
the top o^ the wave, you can be sure that he has been helped 
there by the efforts of many contributors. This advance- 
ment of xnowledge is our ultimate form of recognition for 
a profession that so freely shares its findings without 
personal gain. | 


David Milne compiled the documents from which this text was drawn. 
Steven Gighotti painted Fig 1. 
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Britain employs a predominantly nationalized 
free-to-user health care system. France offers 
its citizens a comprehensive health and social 
insurance system. 


These highly readable, comprehensive studies, 
prepared by a research firm in London and pub- 
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an opportunity to step inside each system to ex- 
amine its administration...evaluate its achieve- 
ments and problems...and to get a feel for what 
it's like to use it and work within it. 


What's more, you'll learn how and why the pre- 
sent systems evolved...how they are financed 
...the range and quality of services available... 
the training and distribution of medical person- 
nel...and what effects each system has had upon 
the health of the general population. 


Everyone in the medical profession should read 
both of these fascinating studies on how other 
nations have organized the delivery of health care. 
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HEAD OF PLASTIC SURGERY 


Department of Plastic Surgery, Uni- 
versity of California, Davis is seeking 
full time head, academic rank 
commensurate with credentials. Can- 
didates must have completed an 
approved plastic surgery residency, 
be Board certified and have had 
sufficient research experience, clini- 
cal background and teaching experi- 
ence to continue development of an 
academic department. Responsibili- 
ties include the teaching of medical 
students, housestaff and allied health 
personnel. Administrative and re- 
search background essential. 


Send curriculum vitae, publications 
list, with statement of research and 
teaching experience and five refer- 
ences to John L. Keltner, M.D., Chair- 
person of Search Committee for Plas- 
tic Surgery, c/o Department of 
Ophthalmology, School of Medicine, 
University of California, Davis, CA 
95616. Position open until filled. 
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Noninvasive Diagnosis of Extracranial 


Carotid Arterial Disease 


A Prospective Evaluation of Pulsed-Doppler Imaging and Oculoplethysmography 


David S. Sumner, MD; James B. Russell, BS; Don E. Ramsey, MD; Waleed M. Hajjar, MS; Richard D. Miles, PhD 


® Two hundred consecutive internal carotid arteries were 
examined with the Hokanson-pulsed Doppler ultrasonic arterio- 
graph (UA) and the Kartchner-McCrae oculoplethysmograph 
(OPG). Roentgenographic studies were used to assess the 
relative accuracy of these two noninvasive tests. Diameter 
stenoses estimated from the UA and roentgenographic images 
agreed within +20% in 81% of the studies. The UA detected 61% 
of all stenoses of 20% to 39% and 89% of all stenoses greater 
than 40%. A sensitivity of. 86% and a specificity of 90% were 
achieved with the UA compared with a sensitivity of 64% and a 
specificity of 85% with the OPG. When the UA and OPG agreed 
(67% of the vessels), the sensitivity was 95% and the specificity 
was 94%. When they disagreed, the UA was the better test having 
a sensitivity of 81% compared with 21% with the OPG. 

(Arch Surg 114:1222-1229, 1979) 


he noninvasive diagnosis of extracranial arterial 

disease continues to challenge the expertise of the 
vascular laboratory. A major problem is that amaurosis 
fugax, transient ischemic attacks, and strokes are often 
caused by emboli arising from lesions that are not hemo- 
dynamically significant. Because most of the noninvasive 
methods in common use are sensitive only to hemodynam- 
ically significant stenoses, clinically important disease of 
the carotid arteries may be overlooked. To circumvent this 
problem, imaging systems that use the Doppler principle 
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have been introduced. Because these instruments 
provide a pictorial representation of the carotid lumen, it is 
frequently possible to detect small plaques that do not 
perceptibly alter pressure and flow. 

The present report documents our total experi2nce with 
one of these imaging devices (the Hokanson-pulsed Dopp- 
ler ultrasonic arteriograph [UA ]) and compares tie results 
with the volumetric pulse-time delay oculoplethysmograph 
(OPG) (Kartchner-McCrae),’ a widely used method for 
detecting hemodynamically significant lesions cf the ca- 
rotid arteries. 


MATERIAL 


During a 26-month period, 577 patients, referred to the vascular 
laboratory with symptoms of cerebrovascular disease, have been 
studied with the UA. At the discretion of the referring physician, 
122 (21%) of these patients subsequently underwent roentgeno- 
graphic arteriography of the extracranial circulation. Unilateral 
roentgenograms were obtained in 22 patients. Because of techni- 
cal difficulties in two patients, only one side was studied with the 
UA. In addition, the images on one side in 11 of the ultrasonic 
scans (5%) were uninterpretable. Therefore, 209 UAs from 122 
consecutive patients were available for comparison with roentgen- 
ograms. One hundred seventeen of these patients were also 
studied by carotid phonoangiography (CPA) and pulse-d»lay oculo- 
plethysmography (OPG).* Two hundred internal carotid arteries 
were examined by all three noninvasive techniques (CPG, CPA, 
UA). 


METHODS 


The Hokanson UA consists of a transducer containirg a 4-mm 
piezoelectric crystal mounted on a position-sensing arm, a pulsed- 
Doppler ultrasonic flow detector, and a storage oscillosecpe. As the 
probe is moved over the skin of the neck, a picture is produced on 
the oscilloscope screen resembling that obtained with conventional 
roentgenographic arteriography (Fig 1). The audible output of the 
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instrument helps the technician follow the underlying arteries and 
assists in his assessment of data. Normal signals distal to an area 
of opacification saggest calcification without stenosis, especially 
when the image shows a sharply defined blank area without 
tapering. Abnorma flow signals, characterized by increased 
frequency within the stenotic area, noisy signals just distal to the 
stenosis, and reduced volume further beyond serve to substantiate 
the presence of disease. 


ANALYSIS OF DATA 


All noninvasive tests were interpreted before roentgenograms 
were obtained anc without prior knowledge of the patients’ 
symptoms or physical signs. The criteria proposed by Kartchner et 
alé were used te evaluate the OPG and CPA results. Thus, à 
positive OPG shaule correspond to a reduction of internal carotid 
artery diameter exceeding 40% and a positive CPA to a stenosis of 
20% or more. Ultrasonic images of the internal carotid artery were 
estimated to the nearest millimeter at the point of maximum 
stenosis. To caleulate percent diameter reduction, this value was 
compared with the diameter of the internal carotid artery beyond 
the stenosis. Not infrequently, the ultrasonic image was difficult 
to measure, owing +0 calcification, noise, or other factors. In these 
cases, the audille Doppler signal was used to supplement the 
visual data in estimating the degree of stenosis. Roentgenograph- 
ic images of ail available views were measured in similar fashion. 
These measurements were made without prior knowledge of the 
noninvasive fincinzs. 

Ir this article sensitivity refers to the number of positive test 
results in arteries with positive roentgenograms divided by the 
total number of positive roentgenographic studies, and specificity, 
to tae number ef negative test results in arteries with negative 
roentgenograms divided by the total number of negative roent- 
genographie studes, The false-positive incidence refers to the 
number of posit ve test results occurring in arteries with negative 
roentgenograms eivided by the total number of positive test 
results, and the fzlse-negative incidence, to the number of nega- 
tive test results eccurring in arteries with positive roentgeno- 
grams divided by the total number of negative test results. 
Specificity and sersitivity are more reliable than the false-positive 
and false-negative incidence for assessing the accuracy of a test, 
sinee the incidenee values are highly dependent on the relative 
number of arteries with positive and negative roentgenograms. 


RESULTS 


As indicated in Table 1, the percentage of positive scans 
in the 209 arteries subjected to roentgenographic examina- 
tion was significantly higher (P < .0005) than that in the 
870 arteries mct studied by roentgenogram, suggesting 
that a positive scan served as an impetus to the referring 
physician to investigate more thoroughly the severity of 
the disease proeess. 

In Fig 2, tae stenosis estimated from each of the 
ultrasonic scans is plotted against that measured from the 
roentgenograpaie images of the same vessel. These two 
sets of data proved to be significantly correlated 
(P < .001), with an r value of .75. A correlation coefficient 
of this magritade suggests that the ultrasonic measure- 
ments are not enly valuable for group-type predictions but 
are also of seme use for individual predictions. The linear 
regression Ime (not shown in Fig 2) is given by the 
following equation: ae 


pea 


^ 
UA 3; stenosis= (0.71 +0.04) roentgenographie f — ' ~~ 
% stenosis + (6.3 + 2.0) E3 / 
5 (aay Bui 
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Fig 1.—Contrast arteriogram and ultrasonic arteriogram showing 
stenosis of internal carotid artery (arrow). Stenosis estimated on 
ultrasonic arteriograph was 60%, and that measured on roentgen- 


ogram was 60%. 












Table 1.—Results of Ultrasonic Arteriographic Studies 
of Internal Carotid Arteries in 1,079 Vessels 
(577 Patients)* 




















No. of 

Carotid No. of 

Arteries Carotid 

in Which Arteries 

Roentgeno- Studied 

grams With No 

Were Roent- 

Stenosis Obtained genograms 
by (%) (%) Total (%) 
Ultrasound, (N=122 (N=455 (N=577 

% Patients) Patients) Patients) 
80-100 20 (9.6) 57 (6.6) 77 (7.1) 
60-79 23 (11.0) 41 (4.7) 64 (5.9) 








120 (11.1) 










<19 18 (8.6) 
0 98 (46.9) 523 (60.1) 621 (57.6) 
Total 209 (100.0) 870 (100.0) 1,079 (100.0) 





*Roentgenogram vs no roentgenogram: x? = 24.10; df = 5; and 
P < .0005. 


This equation indicates that the degree of stenosis 
predicted from the scan tends to be about 70% of that 
measured on the roentgenogram. 

Because it is impossible to measure either the ultrasonic 
or roentgenographic image more closely than + 1.0 mm and 
since the diameter of the internal carotid artery averages 
about 5.0 mm, any value within +20% of the line of 
identity (solid diagonal line in Fig 2) was assumed to 
represent a reasonably high degree of correspondence. 
Interpreted in this way, 169 (81%) of the 209 ultrasonic 
seans and roentgenographic images agreed within + 20%, 
as indicated by the points within the dotted lines. 

1} 2! 
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Fig 2.—Stenoses estimated from 209 ultrasonic arteriograms 
compared with stenoses measured from roentgenograms of same 
vessels. Solid diagonal line represents line of identity. Dotted 
lines enclose all points in which results of the ultrasonic arterio- 
graph and roentgenogram agreed within + 20%. Ten points on 
vertical axis and seven between this axis and upper dotted line 
constitute false-positive studies. Thirteen points along horizontal 
axis and ten between this axis and lower dotted line constitute 
false-negative studies. 


The same data are presented in a less precise but more 
useful form in Fig 3. Stenoses are categorized into nega- 
tive (no perceptible disease), less than 20% diameter reduc- 
tion, and at intervals of 20% until total occlusion is reached 
(100% diameter stenosis). Based on this diagram, there 
were seven serious false-negative (3.3%) and five serious 
false-positive (2.4%) errors. 


. Comparative Accuracy of UA, OPG, and CPA 


Two hundred internal carotid arteries were studied by 
roentgenograms, UA, OPG, and CPA (Table 2). When any 
stenosis of the UA image exceeding 20% was considered to 
be positive, UA detected 57 of 64 (89%) of the internal 
carotid arteries, with a diameter reduction greater than 
40%. When a 40% stenosis on UA was used as the positive 
criterion, 86% of the internal carotid arteries with a 
stenosis greater than 40% were identified. In contrast, the 
OPG, which is assumed to be positive in arteries with a 


diameter reduction exceeding 40%, detected only 41 (64%)., 


The CPA was even worse, being positive in only 33 (52%). 
Owing to the misinterpretation of several ultrasonic scans 
of completely occluded internal carotid arteries, the OPG 
proved to be better than the UA in the 80% to 100% 
category; otherwise, it was inferior to the UA, detecting 
only 50% of the stenoses in the 60% to 79% category and 
only 22% in the 40% to 59% category. Of interest, is the fact 
that the UA identified 61% of the low-grade stenoses (20% 
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ULTRASONIC ARTERIOGRAPHY VS. X-RAY 
FOR 209 INTERNAL CAROTID ARTERIES 
FROM 122 PATIENTS 


X-Ray - % Stenosis 





ultrasonic arteriograph and roentgenogram; fine stippled areas 
represent most serious errors. 





Table 2—Percent Positive Noninvasive Studies (200 Internal 
Carotid Arteries) 









Arterio- Ultrasonic 








graphy Arterio- 

% Dia- graphy, % Oculo- Carotid 

meter Positive plethys- P onoan- 

Steno- No.of ————— — ——— mography, giogra- 
sis Vessels  — 2095* > 40%* % shy, 96 
















*Percentediameter stenosis considered positive. 


to 39%), when an estimated reduction of the image in 
excess of 20% was used as the positive criterion. As one 
might expect, the CPA was most sensitive in the 60% to 
79% group, since turbulence is greatest with stenoses of 
this magritude. Carotid phonoangiography was less accu- 
rate in the 80% to 100% category because no bruit occurs 
when the-earotid artery is totally occluded and its intensity 
may be greatly reduced when the arterial lumen is severely 
stenotic. “ll three tests had a relatively high false-positive 
incidence. ranging from 4% to 16%. 

A more conventional analysis of the same data is given 
in Table 3. The accuracy of the ultrasonic sean was 
calculated in two ways depending on the dividing line 
selected ier a positive study. Thus, when the JA was 
considered to be positive if the apparent stenosis exceeded 
20%, the same criterion for positivity on roentgenogram 
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Table 3.—Comparatve Accuracy of Ultrasonic Arteriography, Oculoplethysmography, and Carotid Phonoangiography (200 Internal 
Carotid Arteries)“ 


Roentgenographic 
% Diameter Stenosis 


20-39 = Sensitivity 


Ultrasonic arteriography, % 
diameter stenosis: 


94 74/92 (80) 


14 


55/64 (86) 


7 
Oculoplethysmogra »hy, 96 
diameter stenosis 
< 40 92 
> 40 16 
Carotid Phonoangiegraphy 
Negative 93 
Positive 15 


41/64 (64) 


33/64 (52) 


Accuracy (%) 
——————————— A 
False-Negative 


Specificity False-Positive 


14/88 (16) 


94/108 (87) 18/112 (16) 


123/136 (90) 9/132 (7) 13/68 (19) 


115/136 (85) 23/138 (17) 21/62 (34) 


111/136 (82) 31/142 (22) 25/58 (43) 





*Vertical bars indicate dividing line between “positive” and "negative" roentgenographic results. 


was selected for eomparison. Similarly, when the UA 
criterion for pos tivity was greater than 40% diameter 
reduction, the roentgenographic criterion used was also 
40%. Depending »n which dividing line was selected, UA 
had a sensitivity of 80% to 86%, a specificity of 87% to 90%, 
a false-negative incidence of 7% to 16%, and a false-positive 
incidence of 16% -o 19%. The OPG and CPA were even less 
sensitive for detecting stenosis greater than 40% (64% and 
52%. respectively) than the UA was for detecting stenosis 
greater than 20%. The specificities of all three tests were 
similar, but here again, that of the UA was somewhat 
better than these ef the OPG and CPA. 


Accuracy When Two or More Tests Agree 


When UA seaa indicating a stenosis greater than 20% 
was considered o be positive, the CPA results agreed in 
136 vessels or €895 of the 200 internal carotid arteries 
studied by all three techniques. The UA and OPG agreed in 
134 vessels (67%), and all three tests agreed in 104 (52%). A 
comparison of the results in Table 4 with those in Table 2 
shows that agreement between the UA and OPG or 
between all three tests substantially improves the sensitiv- 
ity of the noninvasive tests in the 60% to 100% category. In 
fact, all stenosesin the 60% to 79% group were detected and 
93% to 36% of those in the 80% to 100% group were 
identified. Morsover, the false-positive incidence was 
reduced to 3% tc 5%. The trade-off proved to be a reduction 
in sensitivity in the 20% to 39% category. 

Table 5 gives the accuracy of the tests when roentgeno- 
graphie stenosis of 40% was adopted as the dividing line 
between positive and negative studies (hemodynamically 
significant or ncnsignificant lesions). Excellent correlation 
was obtained between roentgenograms and the noninva- 
sive tests in those cases where the UA and OPG agreed, as 
they dic in twc thirds to three quarters of the examina- 
tions. For example, when the UA was considered to be 
positive if the image was believed to be narrowed by 20% or 
more amd the OPG was also positive, the sensitivity was 
95% anc the specificity, 94%. A lower sensitivity (90%) but a 
higher specifiety (96%) resulted when the UA was 
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Table 4.—Percent Positive Noninvasive Studies When 
Two or More Tests Agree* 


Ultrasonic 
Arteriography, 
Oculo- 
plethys- 
Ultrasonic mography, 
Arteriography and 
Carotid 
Phono- 
angiography 
(N = 104 
Vessels), % 


Ultrasonic 
Arteriography 
and Carotid and 
Arteri- Phonoangi- Oculoplethys- 
ography mography 
(N = 136 (N = 134 
Vessels), % Vessels), % 


ography 
% Diameter 
Stenosis 


< 19 
0 


*Ultrasonic arteriography considered positive if stenosis greater than 
20% was predicted. 





required to show a stenosis of greater than 40% to be 
positive. Agreement between all three tests increased the 
specificity and reduced the false-positive incidence but did 
not improve the sensitivity. Agreement between UA and 
CPA did little to improve on the accuracy achieved by the 
ultrasonic study alone. 


Accuracy When UA and OPG Disagree 


As given in Table 6, accuracy was substantially 
decreased in those examinations where the results of the 
UA and OPG did not coincide. Again, the UA seems to be 
the better test since it has a sensitivity of 79% to 81% 
compared with a sensitivity of 19% to 21% for the OPG. The 
specificity of both tests was poor, ranging from 35% to 
65%. 


Identification of Patients in 
Need of Roentgenographic Studies 


Of the 122 patients who underwent roentgenographic 
examinations, 12 were studied for miscellaneous reasons 
(suspected carotid aneurysms, postoperative checks, etc) 
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Table 5.—Accuracy When Two or More Noninvasive Tests Agree 











































Roentgenographic 
Diameter Accuracy (96) 
Stenosis ee Total No. 
Test, %* Diameter — False- False- of Vessels 
Stenosis <40% =40% Sensitivity Specificity Negative Positive (% of 200) 
UA < 20, OPG < 40 90 2 36/38 (95) 90/96 (94) 2/92 (2) 6/42 (14) 134 (67) 
UA = 20, OPG = 40 6 36 
UA < 40, OPG < 40 106 4 36/40 (90) 106/110 (96) 4/110 (4) 4/40 (100) 150 (75) 
UA = 40, OPG = 40 4 36 
UA < 20, CPA-negative 89 6 32/38 (84) 89/98 (91) 6/95 (6) 9/41 (22) 136 (68) 
UA = 20, CPA-positive 9 32 
UA < 40, CPA-negative 103 5 32/37 (86) 103/107 (96) 5/108 (5) 4/36 (11) 144 (72) 
UA = 40, CPA-positive 4 32 
UA < 20, OPG < 40 
& CPA—negative 78 2 22/24 (92) 78/80 (98) 2/80 (3) 2/24 (8) 104 (52) 






UA = 20, OPG = 40 
& CPA—positive 
UA, OPG < 40, CPA— 

negative 90 4 22/26 (85) 90/92 (98) 4/94 (4) 2/24 (8) 118 (59) 
UA, OPG = 40, CPA— 
positive 










*UA indicates ultrasonic arteriography; OPG, oculoplethysmography; and CPA, carotid phonoangiography. 


Table 6.—Relative Accuracy of Ultrasonic Arteriography Oculoplethysmography When These Two Tests Disagree 











Roentgeno- 
graphic Accuracy (%)* 
Diameter 
Tests, %* Stenosis Sensitivity Specificity False-Negative False-Positive 
Diameter ——————————À l—— Ó— ESSI o 
Stenosis < 40% => 40% UA OPG UA OPG UA OPG UA OPG 









UA < 20 OPG = 40 15 5 21/26 (81) 5/26(19) 15/40(38) 25/40(63) 5/20(25) 21/46(46) 25/46(54) 15/20 (75) 
UA => 20 OPG < 40 25 21 


UA < 40 OPG = 40 17 5 19/24 (79) 5/24(21) 17/26(65)  9/26(35) 5/22(23) 19/28(68)  9/28(32) 17/22(77) 
UA —40 OPG < 40 9 19 


*UA indicates ultrasonic arteriography and OPG, oculoplethysmography. 


Table 7.—Accuracy of Noninvasive Tests in Patients With Localizing Symptoms or Signs 


Ultrasonic Arteriography Oculoplethysmography 















Sensitivity, Specificity, Sensitivity, Specificity, 
926 


N % % N % 


and are not included in the present analysis. Sixty-six patients with asymptomatic bruits or with nonlocalizing 










patients had localizing signs or symptoms, including tran- cerebrovascular symptoms and signs (syncope, dizziness, 
sient ischemic attacks, minor or major strokes, amaurosis diplopia, bilateral visual disturbances, etc). In this series, 
fugax, or retinal infarction. Because almost any lesion, 12 patients were examined because of an asymptomatic 


regardless of the degree of stenosis, that occurs in the bruit. Because current surgical practice sanctions opera- 
appropriate internal carotid artery could be responsible for ^ tion only on those internal carotid arteries with a hemody- 
the clinical findings, any lesion appearing on a roentgeno- namically significant lesion, the dividing line between 
gram was considered to be positive for the purpose of this positive and negative roentgenograms was placed at 40% 
analysis. Similarly, any stenosis evident on the UA scan or stenosis. Similarly, the criteria for a positive study with 
any shift of the differential tracing on the OPG was either the UA or OPG was 40%. As given in Table 8, the UA 
regarded as positive. As given in Table 7, the UA was 9396 was 100% accurate in identifying those patients in need of 


sensitive and 85% specific. The OPG proved to be some- roentgenographic examination and in eliminating those in 
what less accurate, having a sensitivity of 82% and a whom further studies were not required. The OPG proved 
specificity of 80%. to be less sensitive and less specific. 

Of more importance are the studies conducted in Thirty-two patients had nonlocalizing symptoms or 
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signs. Sinee in these patients there is less unanimity of 
opinion regarding what degree of stenosis merits carotid 
endarterectomy, the material was analyzed with the divid- 
ing line between positive and negative roentgenograms set 
at both 20% and 40% diameter reduction. When any 
stenoss greater han 20% was considered to be positive, 
the UA was quite sensitive, detecting 91% to 94% of the 
lesions, but was not highly specific. On the other hand, if 
40% st2nosis was selected as the criterion, the sensitivity of 
the UA fell noticeably with only a moderate improvement 
in specificity. In this particular group of patients, the OPG 
was neither high y sensitive nor specific. 


Analysis of Errors 


As shown in F:g 2, there were 23 false-negative errors. 
Eight (359) were due to misinterpreting the external 
carotid artery for the internal and identifying the 
branches of the external carotid artery as the external 
itself (Fig 4). In six cases, the internal carotid artery was 
totally occluded; four of these were read as negative since 
the external carctid artery was normal and two were read 
as 4085 to 60% stenosis, corresponding to the roentgeno- 





Fig «.—Example of typical false-negative error in which external 
carotid artery on-scan was thought to represent internal carotid 
artery. Branches of external carotid artery were misinterpreted as 
external itself. Arrows indicate stump of internal carotid artery. 


Table 8 —Accuracy of Noninvasive Tests in Patients Wi 










Diameter 
























PSU Ss z 


th Asymptomatic Bruits or Nonlocalizing Symptoms or Signs 


Stenosis 
Positive 
Criteria, % Ultrasonic Arteriography Oculoplethysmography 
————— 
Roentgeno- Sensitivity, Specificity, Sensitivity, Specificity, 
Test gram N 96 926 96 % 
Wonlecalizing > 20 > 20 32 91 70 £v ur e 
symptoms o: signs 40 20 32 73 80 31 59 78 
> 20 > 40 32 94 50 iiir RC. Mt 
> 40 > 40 32 75 63 31 44 47 


graphic image of the external carotid artery. In the 
remaining two cases, the internal stenosis was 60% and 
70%; the UA reading was negative in one and 4096 stenosis 
in the other, again corresponding to the roentgenographic 
image of the external carotid artery. 

Four relative false-negative studies were caused by the 
failure to follow the internal carotid artery far enough 
beyond the bifurcation. In three of these, the degree of 
stenosis at the bifurcation was correctly identified as 
between 40% to 50%, but a 90% stenosis 2 cm away was 
overlooked. The fourth error was due to a high bifurcation 
causing the 50% stenosis actually present to be diagnosed 
as 20%. 

In two cases, 25% and 70% stenoses were interpreted as 
negative because the defects evident on the scan were 
thought to be caused by calcification. In two other cases, 
stenoses of 40% and 50% were read as 0% and 20% stenoses 
because the internal and external carotid arteries were 
superimposed. Two technical errors made early in our 
experience accounted for our underestimating 90% 
stenoses as being less than 50%. Finally, for no apparent 
reason, five low-grade stenoses of 25% to 30% yielded 
entirely normal scans. 

There were 17 false-positive studies (Fig 2). Six (35%) of 
these, in which the roentgenogram showed 0% to 20% 
narrowing and the scan indicated 3576 to 80% stenoses, 
were ascribed to calcification. Three cases with no disease 
on a roentgenogram and only slight irregularity on the 
scan were read as showing 25% to 50% stenoses because the 
audible flow signals had an abnormally high frequency or 
seemed turbulent. Three errors, in which the roentgeno- 
gram showed 0% to 15% stenosis and the scan, 25% to 50% 
stenosis, occurred early in the study and were attributed to 
inexperience. Reduced carotid artery flow due to partial 
obstruction of the proximal common carotid artery in one 
ease and intracranial obstruction in the other resulted in 
poor images that were read as showing 45% and 80% 
narrowing, respectively, even though the bifurcation and 
the extracranial internal carotid artery appeared normal. 
No explanation was available in three instances in which 
the roentgenogram showed stenoses of 25%, 50%, and 50% 
and the scans were read as 50%, 80%, and 80%. 


COMMENT 


From the standpoint of almost every factor examined in 
this report, the ultrasonic scan, when applied to the 
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diagnosis of disease of the internal carotid artery, seemed 
to be superior to pulse-time delay OPG. The one exception 
was in the recognition of 80% to 100% stenoses (Table 2). 
All of the errors made with UA in this group were due to 
misreading technically satisfactory scans that accurately 
duplicated the roentgenographic image. In other words, 
they constituted avoidable mistakes. If these errors of 
interpretation were eliminated, the accuracy in the 80% to 
100% group would increase to 97%. 

Our results with the UA (Table 3) do not differ apprecia- 
bly from those reported by other investigators using 
similar scanning devices. Barnes and associates’ compared 
the images obtained with the Hokanson UA with contrast 
arteriograms in 82 internal carotid arteries. When a 25% 
diameter stenosis was taken as the dividing line between 
positive and negative studies, their data showed an excel- 
lent sensitivity (96%) but a poor specificity (44%). Moving 
the dividing line to 509 stenosis, improved the specificity 
to 65% with little decrease in sensitivity (92%). Investiga- 
tors, using’ the Spencer-Reid‘ continuous wave Doppler 
scan, report data indicating a sensitivity of 86% to 89% and 
a specificity of 77% to 9495." White and Curry? have 
designed a Doppler scan that color codes the image to 
display relative flow velocity. With this device, they 


S achieved a sensitivity of 91% anda specificity of 90% when 


a 25% stenosis of the internal carotid was used as the 
dividing line. 

Our results with the OPG (Table 2 and 3) were consider- 
ably less satisfactory than those reported by McRae et al.* 
Their sensitivity (based on a 40% stenosis dividing line) 
was 88% and their specificity was 91%. Our results were 
slightly better than those reported by Blackshear et al!” 
(sensitivity 52%, specificity 81%, with a dividing line at 50% 
stenosis) but were inferior to those in other reports where 
sensitivities varied from 72% to 91% and specificities from 
87% to 94%,11-13 

Assessing the accuracy of noninvasive tests for carotid 
disease is hampered by the fact that the goals are not 
clearly defined.* Should they detect only lesions that are 
hemodynamically significant or should they also be capable 
of recognizing small plaques that may give rise to emboli? 
There is some support for the former approach in that 


strokes seem to occur more commonly in patients with ` 


asymptomatic bruits or in patients with nonlocalizing 
lesions who have hemodynamically significant lesions 
(greater than 40% to 50% stenosis).'^ On the other hand, 
many transient ischemic attacks, strokes, and episodes of 
amaurosis fugax or retinal infarction are associated with 
less severely stenotic but ulcerated lesions. The critical 
question is how to use the results of noninvasive tests to 
determine which patients require roentgenographic stud- 
ies. As given in Table 7, the UA and OPG were both 
reasonably accurate in recognizing disease in patients with 
localizing symptoms and signs; yet, these patients would 
ordinarily be subjected to roentgenograms regardless of 
the noninvasive findings. Of more importance, therefore, 
are the studies conducted in patients with asymptomatic 
bruits or nonlocalizing symptoms or signs. It was disap- 
pointing to find that the results of the noninvasive tests 
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were szmewhat less satisfactory in this group (Table 8). 
Here azain, UA proved to be the better of the two tests. 
However, even if it were decided to operate on zll patients 
with a stenosis exceeding 20% and if the mos- sensitive 
criterion for a positive UA were used to seleet patients in 
whom roentgenograms should be taken (greater than 20% 
stenosis , arteriography would be denied to 975 of those 
needing it and would be performed unnecessarily on 30% of 
those with little disease. | 

Since lata in this report reflect the overall experience of 
a clinical laboratory using the UA and OPG on a daily 
basis, it would be fallacious to assume that they represent 
the ultimate accuracy possible with either of zhese two 
modalities. For example, most of the mistakes made with 
the UA were due to errors of interpretation or to faulty 
procedure rather than to any inherent defect of tke system. 
Results could be improved by learning to avoid these 
mistakes, by using a more rigorous method for analyzing 
the audi-le Doppler signal, and by judiciously using more 
than one testing modality (Table 4 and 5). Moreover, the 
capabilites of the Hokanson device have not been 
exploite? completely. Although it is unlikely that the 
resolution can be improved substantially, the depth infor- 
mation imtrinsic to pulse-Doppler systems could be used 
more effectively. By computerizing the scan, we Fave been 
able to produce simultaneously two images ana agous to 
those obtained with biplanar roentgenographic studies. 
The early results with this modification have been encour- 
aging. 

We believe that pulsed-Doppler imaging, theugh far 
from perfect, represents a promising development in the 
field of noninvasive technology. It seems (at least in our 
hands) to be more accurate than the pulse-time delay OPG 
for evaluating hemodynamically significant disease of the 
internal carotid artery; it has some predictive value in 
terms of the actual degree of stenosis; and it has the unique 
ability tc detect a large proportion of those low-grade 
lesions thet compromise the carotid lumen by only 20% to 
40%. 


This research was supported in part by grant C-5 from the Illinois Heart 
Association,and grant 2-40082-71 from Southern Illinois University. 
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Discussion 


EDWARD A. Wocr,J2, MD, San Antonio, Tex: In our laboratory, 
we have been using ihe same instruments, but have combined the 
OPG wth perior»ital Doppler examination and CPA and desig- 
nated this as our-carotid screen. 

In our werk, arsema lesions were divided into three groups with 
either minimal cr 36 disease, (0% to 40% diameter stenosis), a 
moderete group 408 to 80% stenosis), and a severe group (80% to 
100% stenosis). Taeze were 109 arteries in the minimal group, 41 in 
the mcderste, ard 53 in the high-grade stenosis group. 

As indicated, -he carotid screen had a 7396 sensitivity in the 
group with moderate lesions, and 84.9% sensitivity in the severe 
group. Sensitivity cf che UA in the moderate group was 90%, and 
in the group witn severe stenosis, 94%. 

In taose artemes with both a positive carotid screen and UA, 
sensitwity decreased Although the UA is more sensitive than the 
carotid screen, infermation obtained from the carotid screen will 
be correct in some instanees in which an UA was not. We thus 
confirm that the UA s more sensitive, as Sumner et al found, than 
the combination cf OPG, periorbital Doppler examination, and 
CPA. Nonetheless the use of the multiple modalities provides 
more accurate infermation than the use of any single test. 

In he group with minimal or no disease, specificity of carotid 
screen alone was 385%; of UA, 92.2%. When the UA was inter- 
preted with inou* from the technician, specificity increased to 
97.1% Cembinmng the results of carotid screen and UA with 
technician yielced a 99% specificity. 

We found beth carotid screen and UA very useful adjuncts in 
the diagnosis cf -arotid artery disease and we believe that the 
diviston of lesiens into the mild, moderate, and severe categories 
has proved a clinrally useful one. 

Le- me finisF w-th one question of Dr Sumner: In these times of 
cost *oneern and centainment, how does he recommend that his 
refemring physicmrs use these tests, whether selectively or in 
combination? | 

RcaEET W. dosson, I, MD, Newark, NJ: During the last two 
years, we also have utilized the Hokanson-pulsed Doppler imager 
and fuid-filled (kartchner-McCrae) OPG and have come to some- 
wha. differen: conelusions with regard to their clinical applica- 
tions, which we weuld like to review with you. 

We have d agnesed accurately normal and occluded internal 
carctid arteries with ultrasonie imaging (UI). However, our results 
for preeise determination of percentage stenosis in 90 patients 
(17C arteries) whose ultrasonograms were compared with contrast 
arteriography were less accurate than reported by Dr Sumner. 
Caleifiestion witnin the atherosclerotic plaque can interfere with 
transmission of -h= ultrasound. In 9% of our images, high-density 
plagues resukec n echo-free areas contributing to this lesser 
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accuracy. Our overall accuracy with OPG in this group of patients 
was 89%. | 

Sensitivity and specificity for UI and OPG were 89%/90% and 
8755/8396, respectively. These data demonstrate a comparability of 
the two tests rather than superiority of UI. We do agree that when 
both tests are positive, diagnostic accuracy is maximized. 

On the basis of our own work with the instrumentation, I would 
have two questions: (1) In a laboratory such as ours with à 
comparable diagnostic accuracy for the two tests, wouldn't a more 
appropriate utilization of the imaging device be for identification 
of total occlusion? This distinction cannot be made currently by 
OPG and the information would be useful in determining needs 
for arteriography. (2) Could you give us the incidence of echo-free 
areas on scanning from your series and comment on any special 
techniques to overcome this particular problem? 

Dr. SUMNER: Dr Hobson asked whether echo-free areas were a 
troublesome factor. Yes indeed, they are. In fact, they were 
responsible for 35% of our false-positive tests. However, by 
combining the appearance of the image with an interpretation of 
the audible Doppler signal, one can often escape the trap into 
which the echo-free areas may lead. For example, if a normal 
Doppler signal were obtained distal to an area of sonic opacity, one 
would not interpret the image as showing a major stenosis. 

In answer to Dr Hobson’s first question, the UA correctly 
identified 81% (13/16) internal carotid arteries with 85% to 95% 
stenosis as being stenotic but not occluded. Of 18 totally occluded 
arteries, the UA correctly identified ten (56%) as being totally 
occluded. However, in this group were six scans that showed total 
occlusion, but were misinterpreted owing to the fact that a patent 
external carotid artery was called the internal carotid artery. If 
these studies had been properly interpreted, the UA would have 
been 89%, accurate for identifying total occlusion. 

Drs Ross and Strandness asked about the use of sound spectrum 
analysis. Unfortunately, our current model of the Hokanson 
machine does not have a frequency output of the quality that 
would permit us to obtain satisfactory sound spectrums. However, 
it does deliver a very acceptable audible signal, which the examin- 
er can use in his assessment of the data. Obviously, when good 
sound recordings can be obtained, they will help out tremendously. 
But right now, most of our data have been based on the configu- 
ration of the image. 

Dr Wolf suggested using multiple modalities; and I think this 
approach can be extremely helpful. In fact, as I have indicated, 
when the OPG and the UA agreed, the tests were 95% sensitive 
and 94% specific. The only problem occurs when two tests disagree, 
then one has to rely on one rather than the other. 
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potential dangers. 


Catheterization to correct acute _ 
urinary retention is often manda- 


tory. However, in other situations _ 


its benefits should be weighed 


against the trauma and discomfort | pa 


it'can cause and the fact that 
infection following a single 
catheterization is a possibility. 
Moreover, the incidence rises 
dramatically after an indwelling 
catheter has been in place for 96 
hours, even with a closed sterile 
system. 

Incidence of Infection 

Following Catheterization 
Single Catheterization 
1% to 296 


Indwelling Catheterization 
approaching 30% to 50% 
at 96 hours | 


Injection URECHOLINE (Bethane- 
chol Chloride, MSD) is for 
subcutaneous use only. If it is given 
intramuscularly or intravenously, 
violent symptoms of cholinergic 
overstimulation, such as circula- 
tory collapse, fall in blood pressure, 
abdominal cramps, bloody diar- 
rhea, shock, or sudden cardiac 
arrest are likely to occur. 


Although rare, these symptoms 
have occurred after subcutaneous 
injection and may occur in cases 
of hypersensitivity or overdosage. 
Atropine is a specific antidote. 

A syringe containing a dose, for 
adults, of 0.6 mg (1/100 grain) 
atropine sulfate should always be 
available to treat symptoms of 
toxicity. Use proportionately 
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Carotid Endarterectomy in the Presence 


of Contralateral Carotid Occlusion 


The Role of EEG and Intraluminal Shunting 


Martin R. Phillips, MD; Willard C. Johnson, MD; R. Michael Scott, MD; 
Rudolph W. Vollman, MD; Harvey Levine, MD; Donald C. Nabseth, MD 


e Patients undergoing carotid endarterectomy in the presence 
of occlusion of the contralateral carotid artery appear at greater 
risk for operative-related stroke or death. We had experience 
with 37 such patients in a five-year period. Routine intraluminal 
shunting without EEG monitoring was used in nine patients. 
Twenty-eight patients had continuous EEG monitoring during 
surgery. Of this group, 12 patients required intraluminal shunting 
based on intraoperative EEG criteria. In the early postoperative 
period, there was one death, and there were no instances of new, 
fixed neurological deficits. Life table analysis shows that 80% of 
the patients are neurologically stable in the five-year follow-up 
period. Electroencephalographic monitoring proved valuable in 
the detection of patients requiring intraluminal shunting, in the 
occasional recognition of poorly functioning shunts, and in the 
determination of the importance of alterations in blood pressure 
or cardiac rhythm on cerebral blood flow. 

(Arch Surg 114:1232-1239, 1979) 


Wie carotid endarterectomy is performed in neuro- 
logically stable patients, the operative mortality 
should approach 1%, while the incidence of permanent 
neurological deficits should be no more than 2% to 4%. 
However, certain subgroups of patients seem at a greater 
risk for operative-related stroke or death. Particularly 
noteworthy are those patients requiring operation in the 
presence of contralateral common or internal carotid 
artery occlusion. 





Accepted for publication July 19, 1979. 

From the Departments of Surgery (Drs Phillips, Johnson, Vollman, and 
Nabseth), Radiology (Dr Levine), and Neurosurgery (Dr Scott), Boston 
Veterans Administration Medical Center and Tufts University School of 
Medicine, Boston. 

Read before the 27th scientific meeting of the International Cardiovas- 
cular Society, Nashville, Tenn, June 28, 1979. 

Reprints not available. 


1232 Arch Surg—Vol 114, Nov 1979 


This article describes our experience using continuous 
EEG monitoring and intraluminal shunting in 37 such 
patients undergoing operation for ulcerative or stenotic 
carotid lesions. In addition, the clinical course of these 
patients in postoperative follow-up ranging from three to 
62 months is presented, and subjected to life table analy- 
sis. 


MATERIALS AND PATIENTS 


The records of 164 patients undergoing carotid endarterectomy 
at the Boston Veterans Administration Medical Center, Boston, 
between July 1973 and July 1978 were reviewed. Thi-ty-seven 
patients were identified with an occluded contralateral internal 
carotid artery documented by preoperative cerebral arteriog- 
raphy. 

All patients were male, ranging in age from 43 to 70 years, with 
a mean age of 60 years. All patients had a long history of zigarette 
smoking. Thirteen patients (35%) had had a previous stroke (with 
residual neurological deficits), all but two of which were appro- 
priate to the territory of the totally occluded carotid artery. 
Diabetes mellitus was present in 21%, hypertension in 54%, and 
cardiac disease (manifested by angina, previous mrocardial 
infarction, or abnormal ECG) in 47%. 

Indications for operation included ipsilateral amaurosis fugax in 
ten patients, transient motor weakness in 20 (hemispher c in 19), 
anticipated aortic aneurysm surgery in three, stable strok2 in two, 
and asymptomatie stenosis in two. None of the 13 patients with a 
residual neurological deficit underwent endarterectomy less than 
four weeks from the acute event. 


OPERATIVE TECHNIQUE 


General anesthesia was used in all patients. Blood pressure (BP) 
was maintained at or slightly above preoperative baselin2 levels; 
vasopressors were administered in 18 patients. No attempts were 
made to establish either hypercapnia or hypocapnia. Prior to 
carotid cross clamping, heparin sodium (70 to 100 units/<g) was 
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Fig 6.—After completion of endarterectomy, shunt is removed: 
EEG changes reappear. 
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given intravenously. At the conclusion of the procedure, protamine 
sulfate was used at the discretion of the involved surgeon. 

Twenty-eight (76%) of the patients were monitored with contin- 
uous EEG during the operative procedure. Preoperat ve baseline 
tracings were obtained for comparison with intraoperztive record- 
ings. Electrodes were placed according to the 10-20 international 
system. Paper speed varied between the usual 30 mm/s and 15 
mm/s. Sixteen-channel, bipolar tracings were rezorded and 
observed by a trained technician. An internal shunt, usually a No. 
10 F (2.6 nner diameter) plastic catheter (Bardic oxygen tubing), 9 
to 10 cm in length, was inserted in all patients in whom EEG 
changes, not related to arrhythmia or hypotension, were recog- 
nized. The EEG changes that signify cerebral ischemia during 
carotid endarterectomy have been well described previously in 
other reports.*"* The technique of shunt insertion was as described 
by Thompson et al' The distal end was placed first into the 
internal carotid artery, backflow then was allowed, and the 
proximal end of the shunt then was inserted into the common 
carotid artery. Rummel tourniquets were used to secure the shunt 
in place. 

The remaining nine patients underwent endarterectomy with a 
temporary shunt either because EEG monitoring was not available 
or because the responsible surgeon had decided preoperatively on 
the routine use of a shunt. 


RESULTS 


In the group of 28 patients with EEG monitoring, 12 
(43%) demonstrated slowing in the EEG tracing, unrelated 
to bradycardia or decrease in BP, when the carctid artery 
was cross clamped. All 12 patients reverted to baseline 
after shunt insertion. Of the 11 patients who had a prior 
stroke referable to the occluded carotid hemis»here, ten 
had EEG monitoring; a shunt was indicated by EEG 
slowing in four of these individuals. In the two patients 
with a prior ipsilateral fixed deficit, EEG slowing was 
noted in one with carotid cross clamping, although a shunt 
was usec in both instances. Of particular interest were two 
patients in whom the EEG pattern did not show expected 
improvement with insertion of an intraluminal shunt. In 
these instances, the shunt was found partially occluded by 
the Rummel tourniquets. Correction of this technical factor 
led to prompt improvement in the EEG tracing (Figure 
1-7). 

Angiography frequently showed severe stenosis or occlu- 
sion of the other major extracranial vessels. No correlation 
could be discerned between the extent of the coexisting 
atherosc erotic lesions and the intraoperative development 
of EEG abnormalities (Table 1). Endeavors to predict 
which patients had required temporary shunting on the 
basis of retrospective review of the angiograms by 
nonbiased observers were futile. 


Complications 


There was one death in the immediate operative period. 
This death occurred in a 70-year-old man with a aistory of 
myocardial infarction who had an asymptomatic 8-cm 
abdominal aortic aneurysm. Preoperative noninvasive 
diagnostic testing suggested severe, hemodynamically 
significant carotid occlusive disease. Arteriography con- 
firmed an occluded right internal carotid artery and 
substant.al stenosis of the left internal carotid. Prior to 
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Fig 7.—Arte'iccomy closure has been completed, flow is reestab- 
lished. Tracing EEG essentially reverts to baseline. 


scheduled aneurysmectomy, the patient underwent un- 
eventful lef carotid endarterectomy. On the third postop- 
erative day, the patient suddenly collapsed and could not be 
resuscitatec. Autopsy confirmed a ruptured aortic aneu- 
rysm. 

There were no instances of new permanent neurological 
deficits produced by surgery. Transient hypoglossal nerve 
paresis was noted in four patients. Partial ipsilateral vocal 
cord weaxress developed in one patient that resolved. One 
patient wih a previous myocardial infarction and atrial 
fibrillation had a postoperative myocardial infarction from 
which he recovered. In the 18 patients with fixed deficits 
preoperatively, none were aggravated by surgery. 


Follow-up 


Fóllov--up of the 36 surviving patients is shown in life 
table form (Table 2). The period of follow-up ranged from 
three te 32 months, with a mean of 21.7 months. One 
patient underwent superficial temporal artery to middle 
cerebra. artery bypass on the opposite side two weeks after 
initial endarterectomy because of continuing symptoms of 
cerebrovescular insufficiency, and suffered a major stroke 

after this second procedure, leaving him with a hemipare- 
sis apprepriate to the territory of the occluded carotid 
artery. Gne ether patient in this series later underwent 
extraceanial-intracranial bypass uneventfully. Three pa- 
tients heve died at 3, 7, and 38 months after surgery. The 
first patient died of myocardial infarction after resection 
of an abdominal aortic aneurysm. The second patient died 
suddenly after anterior resection of a rectal adenocarcino- 
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Table 1.—Correlation of Arteriography With Intraoperative 
Requirement for Temporary Shunting 
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Arteriographic Findings 
Ulcerative, nonstenotic le- 
sion of nonoccluded caro- 
tid only 1 1 
Ulcerative, nonstenotic le- 
sion of nonoccluded caro- 
tid, plus stenosis (— 6096) 
or occlusion of 
One vertebral 
One vertebral and oppo- 
site external carotid 
Stenosis (76096) of nonoc- 
cluded carotid only 5 7 3 


Stenosis of nonoccluded ca- 
rotid, plus stenosis or OC- 








































clusion of 

One vertebral 2 2 1 
Both vertebrals 1 2 1 
Opposite external carotid ioe 1 


One vertebral and sub- 
clavian occlusion with 


steal syndrome 1 1 
One vertebral and oppo- 
site external carotid 1 1 2 


Both vertebrals, opposite 
external carotid, no vi- 
sualization of anterior 
communicating arteries oe ied 1 
Subclavian steal, and no 
visualization of posterior 
communicating arteries T 1 


Table 2.—Life Table Analysis of Morbidity and Mortality 
r Cumu- 

Tran- lative 

sient Inci- 

No. Non Is- dence 


ofPa- stroke Fatal chemic of New 
Interval tients Death* Stroke Stroke Attack Strokes 


0-30 days 37  1(AAA) T HEA Eg 0 
1-6 mo 36  1(MI) d. VET WT 0 
7-12 mo 28: _ 1 (PE) ne 1 PR? 35 


1.5-2.0 yr 19 SAN Yee S. 1 3.5 








*AAA indicates abdominal aortic aneurysm; MI, myocardial infarction; 
PE, pulmonary embolus. 


ma; the presumptive clinieal diagnosis was pulmonary 
embolism or myocardial infarction. The third patient (38 
months postsurgery) died of massive stroke; postmortem 
examination demonstrated an occluding thrombosis of the 
previously endarterectomized carotid artery. 

Of the 31 patients known to be alive, 27 (87%) remain 
asymptomatic neurologically. Visual symptoms on the side 
of the occluded carotid artery have developed in two 
patients, while one patient noted one transient episode of 
arm weakness appropriate to the surgically treated side. 
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COMMENT 


Patients undergoing carotid endarterectomy in the 
presence of occlusion of the opposite carotid artery are at 
greater risk for operative-related stroke or death. Intraop- 
erative stroke generally is considered secondary either to 
cerebral emboli from endarterectomy debris, cholesterol 
plaques or platelet microaggregates, or to cerebral ische- 
mia from diminished regional cerebral flow (rCBF) or 
inadequate collaterals during carotid cross clamping. 
Although all patients are subjected to possible cerebral 
embolization from operative manipulation, those patients 
with contralateral carotid occlusion are more susceptible to 
cerebral ischemia. In fact, early surgical results were so 
discouraging that a joint study? even questioned whether 
operative therapy was indicated in these patients. Table 3 
gives the operative results of several other series involving 
patients with contralateral carotid occlusion. Further 
suggestion that these patients are particularly vulnerable 
to operative ischemia was provided by Bland and asso- 
ciates.” These authors reported that in 21 patients who had 
an intraoperative stroke thought to be secondary to cere- 
bral ischemia during vascular occlusion, 16 (76%) had severe 
stenosis or occlusion of the contralateral internal carotid 
artery. 

Optimal methods of cerebral protection and reliable 
means of detection of cerebral ischemia remain controver- 
sial. Continuous EEG monitoring to detect intraoperative 
cerebral ischemia has received recent attention.*? Several 
investigators have documented a high correlation between 
diminished rCBF and ipsilateral EEG changes.''-'* Sundt et 
al" measured rCBF from clearance curves obtained from 
the extracranial detection of intra-arterially injected '?Xe. 
Patients who required intraluminal shunting based on 
EEG criteria had blood flow measured from 5 to 18 mL/100 
g/min at a Paco, of 40 mm Hg. Of the 25 patients requiring 
intraluminal shunts in their series, 24 reverted to baseline 
with insertion of the shunt. In the single patient whose 
EEG did not revert, a new fixed neurological deficit was 
apparent postoperatively. On the basis of postoperative 
angiography, this deficit was attributed to microemboli. 
None of the other patients whose EEG had returned to 
baseline after shunt insertion had permanent neurological 
injury. In an earlier study, Perez-Borja and Meyer‘ 
reported a high clinical correlation between intraoperative 
EEG recordings and postoperative neurological status. 
Three patients in whom gross EEG abnormalities devel- 
oped awoke with dense hemiplegia. Similar clinical results 
have been published by Baker and associates.’ In a series of 
399 consecutive endarterectomies, Callow et al'^ reported 
that a shunt was required to reverse EEG abnormalities in 
9% of the patients. Of 18 patients with contralateral carotid 
occlusion, three (17%) required temporary shunting. In our 
series, 12 of 28 (43%) patients monitored by continuous 
EKG required inlying shunts as protection against cerebral 
ischemia. 

Routine intraluminal shunting has been advocated 
strongly by Thompson et al' to reduce the incidence of 
intraoperative cerebral ischemia. However, others???» 
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have propesed selective shunting, citing instances of 
neurological deficits thought secondary to emboli from 
shunt inser-ion as well as technical encumbrances imposed 
by the shuat. In particular, difficulty in visualizing the 
distal intimal endpoint of the endarterectomy and inter- 
ference with removal of small fragments after endarterec- 


_ tomy have been described with a shunt in place. 


Internal carotid artery “back” or “stump” pressures’? 
were not obtained in our patients. Other authors, 
however, heve described several patients with EEG 
evidence of diminished rCBF with back pressures as high 
as 70 to 100 mm Hg. McKay and co-workers? reported a 
positive correlation between rCBF and internal carotid 
artery back oressure in only 58% of the cases (using a 
minimally acceptable back pressure of 50 mm Hg and 
minimally aezeptable rCBF as 18 to 24 mL/100 g/min). 
Furthermore, this relationship could be influenced by the 
anesthetic agent. Since back pressure depends on the 
peripheral res stance, it may also be affected by the level of 
Peco? 

Some authors™ have questioned the reliability of EEG 
interpretation under general anesthesia. Recent experi- 
ence, however, attests that the EEG does reflect accurately 
cortical ischemia under these conditions. The depth of 
anesthesia, theugh, must be maintained at a level that 
“permits a stable baseline EEG and that does not mask 
minor alteraticns."* Furthermore, EEG changes that are 
related to carotid cross clamping are temporally related, 
most often sudden, and usually focal, whereas those 
changes related to depth of anesthesia are gradual in onset 
and generalized.* Not all EEG changes will result in 
permanent postoperative neurological deficits. Neverthe- 
less, routine shunting in all patients demonstrating such 
changes seems nandatory at our current level of knowl- 
edge. 

The continuous nature of EEG monitoring is an obvious 
advantage. Altheugh a short period of carotid cross clamp- 
ing may be safe for a certain back pressure, a more 
prolonged procecure than initially anticipated may not be 
safe.” Sharbrough et al? have correlated the reduction of 
measured rCBF to the rapidity and severity of EEG 
changes. 

An unexpected benefit of EEG monitoring in our series 
was the early detection of a poorly functioning shunt in 
two patients. Callow et al have reported rare instances of 
alterations in the EEG tracing associated with a decrease 
in BP even with a shunt in place. These changes improved 
with correction of normal BP. Similarly, subtle changes in 
BP or pulse that may influence rCBF may be detected by 
EEG. 

Transient ipsileteral EEG changes that occur after 
endarterectomy, bat after arteriotomy closure, may reflect 
an incomplete endarterectomy, an intimal flap, an embo- 
lus, or an acute -hrombosis." Sharbrough et al? have 
described one patient in whom reexploratory surgery was 
done on this basis before a fixed neurological deficit was 
evident. An acute y occluded endarterectomy site was 
found. Flow was restored, and recovery was uneventful. 

The satisfactory results achieved in this high-risk group 
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Table 3.—Early Mortality and Neurological Morbidity of Carotid Endarterectomy in Presence of Contralateral Carotid 
Occlusion 


Intraoperative Management 
Temporary shunts, no EEG 
No shunt, no EEG 
Hypercarbia, no shunt, no EEG 
Temporary shunts, no EEG 
No shunt, no EEG 
Temporary shunt, no EEG 
Cooperative study 
Not stated 
Temporary shunts, no EEG 
EEG, temporary shunts 


Source, yr 
Chung," 197« 
Baker et al? 977 
Bloodwell et al, * 1268 
Thompson etal, 7978 
Young et ai,'* 1968 
Patterson," 1374 
=ields et ali 1970 
Toole et al,’ 7975 
Andersen et al,” 1977 
Present study 





Patient 


Chung," 197« TIAs, stable stroke 


Thompson etal," ~970 
asymptomatic bruit 


TIAs, stable stroke 
TIAs, asymptomatic bruits 


Toole et al,’ 7975 
Young et ai,'* 1969 


Present study 
with contralateral carotid occlusion) 





*TIA indicates trans:ent ischemic attack. 
TOf surviving patiers. 


of patients are gratifying. Although the follow-up period 
in our patients is relatively short (three to 62 months, with 
a mean of 22 months) their prognosis would seem similar to 
that of other patients undergoing carotid endarterectomy 
with lesser degrees of extracranial atherosclerosis (Table 
4). Frank stroke occurred in the follow-up period in only 
two of the 37 patients. One of these strokes was related 
directly to a second surgical procedure. This stroke morbid- 
ity would seem low for a group that, because of a total 
carotid occlus.on, may have been expected to have a poorer 
prognosis. There are very few series with which to make a 
comparative énalysis. Dyken et al** compared patients with 
angiographically demonstrated occlusion of at least one 
internal or cemmon carotid artery with a control group 
with less than 60% stenosis of any single artery. They 
concluded thet ir patients with cerebrovascular disease 
clirieal events were not quantitatively related to the 
degree of obstruction of the major arteries supplying the 
brain. In their series of total carotid occlusion, new cerebral 
infarction de-eloped in three of the 43 patients, whereas 
the control group had five infarctions. McDowell et al^ 
have described a similar low rate of new strokes in 57 
patients with carotid occlusion, although 30% of the surviv- 
ing patients experienced transient ischemic attacks. 
However, Hardy et al” have reported that in 121 patients 
with internal carstid artery occlusion a recurrent stroke 
developed in 28%, and these recurrent strokes accounted 
for 49% of long-term deaths. In the joint study,’ Fields et 
al noted that streke developed during follow-up in four 
patients (one fatai) of a group of 25 assigned to nonopera- 
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Table 4.—Comparison of Long-term Results of Carotid Endarterectomy 


Source, yr Composition* uem Asymptomatic, 961 
DeWeese et al,” 1973 TIAs only 


TIAS, frank stroke, chronic cerebral ischemia, 


TIAs, stable stroke, asymptomatic bruit (all 


Strokes, % 
12.9 
- : 


No. of ae 


seams 








Length of 
Follow-up, 
yr Mean 


Long-term 
Non-CNS Fatal 
peas, $ 


Neurologically 
improved or 








2 D = 1-13 
uL 
= 4 1-5 











3-62 mo (21.7) 





tive therapy. In the surgically treated group, one stroke 
occurred in 27 patients in the same period. 

Grillo and Patterson® studied 44 patients with carotid 
occlusion to observe the natural history of this group with a 
viewpoint toward identifying which patients might bene- 
fit from extracranial-intracranial bypass. Four strokes 
occurred in the late period, and all involved the cerebral 
hemisphere contralateral to the carotid occlusion. They 
concluded that the principal role of surgery was the 
prophylactie repair of the contralateral carotid stenosis. In 
a study of related interest (W. Gee, MD, A.L. Miller, MD, 
and A.E. Madden, MD, et al, personal communication), 
preoperative and postoperative ocular pneumoplethysmo- 
graphic (OPG) recordings have been compared in 17 
patients undergoing endarterectomy of stenotic carotid 
lesions in the presence of contralateral internal carotid 
artery occlusion. Although all 17 patients had quantitative 
improvement in the ophthalmic artery pressure by OPG 
testing, perhaps of greater importance was the finding 
that the condition of 13 patients (76%) had improved on the 
occluded side as well. 

When carotid endarterectomy is performed in these 
patients under general anesthesia, a continuous method of 
sensitive neurological monitoring should be available. If 
EEG is not available, routine intraluminal shunting seems 
to afford optimum and reliable cerebral protection based 
on our experience and that reported in the literature." 
The presence of an inlying shunt, however, does not insure 
necessarily that "all is well," since an error in the technique 
of shunt placement or the importance of subtle alterations 
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in BP or pulse may not be recognized unless EEG monitor- 
ing is used. Indeed, it is possible that many intraoperative 
deficits previously thought attributable directly to shunt 
placement may actually be the consequence of poorly 
functioning or nonfunctioning shunts. The high percent- 
age of patients in our series requiring a shunt based on 
EEG criteria all demonstrated reversal of EEG changes 
after shunt insertion, and none had new permanent neuro- 
logical deficits. 

The routine use of continuous EEG monitoring in these 
patients is recommended. Since 43% of our patients 
required intraluminal shunts by EEG criteria, the insertion 


of a shunt is suggested in all patients with contralateral 


carotid occlusion if EEG monitoring is not available. As in 
all carotid surgery, the need for intraoperative shunting 
should be anticipated, and the shunt promptly inserted if 
EEG changes develop with cross clamping. Even when an 
intraluminal shunt is used, EEG provides the additional 
safeguard of assessing its functional status and detecting 
the hemodynamic importance of minor alterations in BP or 
pulse. In fact, recognition of the latter may be of particular 
importance in light of recent evidence that suggests that 
the use of vasopressor agents in patients with coexisting 
cardiac disease may increase substantially the risk of 
postoperative myocardial infarction. If EEG abnormali- 
ties associated with minor reductions in BP are recognized 
in these patients, the more liberal insertion of a shunt may 
reverse these changes, and obviate the need for induced 
hypertension. 
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Discussion 


Jack H. M. Kwaan, MD, Long Beach, Calif: We at the Long 
Beach Veterans Hospital and the University of Califormia-Irvine 
have had a similar experience in 25 patients with total occlusion of 
one internal carotid artery and who subsequently underwent 
carotid endarterectomy and cross clamping of the contralateral 
internal carotid artery under supplemented local anestlesia. The 
net effect was equivalent to bilateral internal carotid occlusion. 

In one case, the occluded internal carotid had a cross clamp of 
the contralateral carotid artery in place. This condition o? bilateral 
carotid occlusion, however, is not incompatible with life. This 
patient came to us with some loss of memory. Absence of the 
common carotid artery was noted on both sides. Only the two 
vertebral arteries were present. At the time, he was complaining 
of some loss of memory. 

Coming back to our 25 patients, 20 patients tolerated bilateral 
internal occlusion and were alert and conscious throuzhout the 
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procedare. Only five patients lapsed into unconsciousness and 
required an intrz-a-t-rial shunt. 

Altheugh we shere the authors’ concern with regard to the 
operative risk, we have been very fortunate to have neither 
morbidity nor mert.l ty, and postoperative neurological functions 
of al. 25 patien-s were normal We attribute the satisfactory 
results to-our abi ity t» monitor the awake patient's sensorium and 
motor function threughout operation using local anesthesia 
supplemented wth a mixture of droperidol and fentanyl citrate 
(Inncvar Injectim) aad fentanyl citrate. (Ann Surg 186:334-342, 
1977). 

JESSE E. THOM»sCN. MD, Dallas: This is an excellent presenta- 
tion by Phillips e- a ef an imporzant aspect of carotid disease. In 
genera, these paterts have the most severe cerebrovascular 
disease and, therefore. need help zhe most. On the other hand, they 
pose the most serious risks from a cerebrovascular point of view. 
As a corollary, »atients with tne most severe cerebrovascular 
disease also have the most severe generalized atherosclerotic 
process, especially :oronary disease. Hence, they are the worst 
operative risks amcng the carotid patients. 

The good news i that they ean be operated on safely with 
minimam mortaity and morbidity. It is also in this group of 
patients that one gets the most spectacular, dramatic, and reward- 
ing long-term funcional results. This is true whether the symp- 
toms are appropriate to the stenotic side or the occluded side when 
only the stenotic sde undergoes endarterectomy. However, the 
guiding principle is that one operates primarily on the stenotic 
side ard not on the-oecluded side. 

Phill ps et al preseat the case for selective shunting based on 
EEG monitoring akhough 57% cf their patients required shunts. 
Their results support their claim for this method of protection. 

We aave chesen. however, to use routine shunting in these 
patients. During a 2-year experience with more than 1,300 carotid 
endarterectomies, we have operazed on 142 patients with unilater- 
al stenosis and con ralateral occlusion, doing endarterectomy of 
the szenotic side usmg a shunt routinely. We have had one death 


due to myocardial infarction, 0.7%. There was one transient deficit 


and one mild pemament deficit, an incidence of 0.7% also. As I 
mentioned earlier, me of our most dramatic functional improve- 
ment results have ceeurred in these patients. 

There are several selected series with different methods of 
cerebral protectien. Ir one, general anesthesia was combined with 
hypercapnia witi ^.€7 operative mortality and 5.4% operative 
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strokes. In the joint study, various methods of protection were 
used in a small series, with no mortality and 10% stokes. In Baker's 
series, shunts were not used, with a 6.6% incidence of operation- 
related strokes. In our own series, shunts were used routinely, as I 
mentioned a moment ago. So, with proper protection these 
patients can be operated on safely with good results. In this series 
of 142 patients, no patient has required subsequent extracranial- 
intracranial bypass because of recurrent symptoms. 


ANTHONY M. IMPARATO, New York: There is no question that the — 


group with total occlusion and contralateral stenosis offers the 


greatest challenge to the surgeon because in this group, the © 


long-term results are apt to be the most satisfactory. This was 
shown by the National Cooperative Stroke Study. Our series of 
patients operated on while awake now numbers well over 1,000 
carotid endarterectomies. There is no question that the EEG is 
much too sensitive. Eighty-five percent of the patients who were 
operated on for stenosis opposite total occlusion tolerated the 
carotid clamping. The remainder did not and required selective 
shunting. Dr Callow found by his criteria that nearly one half of 
his patients required shunting by EEG criteria. The need for 
shunting can be fairly well predicted on selective angiography of 
the arch vessels. If a posterior communicating artery is visualized, 
the patient will probably tolerate clamping of the stenotic caro- 
tid. 

Dr Champ Lyons, one of the early pioneers in this field, pointed 
out many years ago—and the fact has been lost sight of—that the 
study of intracranial circulation is essential for proper under- 
standing of how a patient will behave during a carotid surgical 
procedure. 


Dr PHILLIPS: I appreciate Drs Thompson's and Imparato's | 


sharing their vast and excellent experience. Dr Thompson, we 
have had one other patient in this series who had an intracranial- 
extracranial bypass because of the development later of amaurosis 
fugax on the opposite side. He is now asymptomatic. Dr Imparato, 
we were unable to correlate the results of preoperative arteriog- 
raphy with the development of EEG abnormalities in our 
patients. 

Dr Kwaan, we agree, though, that local anesthesia is indeed a 
satisfactory method of continuous neurologieal assessment. We 
prefer general anesthesia, however, for our own comfort as well as 
for that of our patients, and also for the theoretical benefits of 
general anesthesia on cerebral metabolism. 
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. Endothelial Response to Venous Injury 


William Krupski, MD; Erwin R. Thal, MD; Bruce L. Gewertz, MD; L. Maximilian Buja, MD; 


Mark E. Murphy, PhD; Herbert K. Hagler, PhD; William J. Fry, MD 


è This investigation characterized venous endothelial healing 
after surgical manipulation. Procedures were performed on 
jugular and femoral veins in 21 mongrel dogs without systemic 
anticoagulation. Veins were harvested at varying intervals and 
vessel structure evaluated with light, transmission, and scanning 
electron microscopy. Veins that were mobilized or stripped of 
adventitia demonstrated 25% to 50% endothelial loss at one 
hour. Endothelial damage was rapidly repaired with complete 
healing observed in some veins at 48 hours. Tourniquets and 
clamps resulted in prominent medial and endothelial injury at 
occlusion sites. Eighteen of 24 transected veins remained patent 
for the study period. Endothelial healing was unaffected by 
tension at anastomoses. These observations confirm that 
venous endothelium receives nutrition by luminal diffusion. The 
healing process of venous anastomoses is characterized by an 
early fibrin sleeve sealing the anastomotic site; endothelial 
bridging of defects can be noticeably delayed by excessive fibrin 
deposition. 

(Arch Surg 114:1240-1248, 1979) 


T he modern era of vascular surgery began in 1877 with 
Eck's successful anastomosis of two blood vessels.’ 
Ironically, this historic achievement involved venous 
surgery, which has subsequently engendered far less inter- 
est than arterial reconstruction. 

Continuing experience in the management of arterial 
trauma has clearly demonstrated the desirability of 
primary repair. Treatment of peripheral venous injuries is 
more controversial. Early investigators recommended liga- 
tion for venous injury, even suggesting that limb salvage 
could be improved in patients with concomitant arterial 
insuffieieney.** Although DeBakey and Simeone? refuted 
this concept in a careful analysis of venous injuries in 
World War II, concern remained over the potential for 
venous thrombosis and pulmonary embolus after venous 


Accepted for publication July 19, 1979. 

From the Department of Surgery (Drs Krupski, Thal, Gewertz, and Fry) 
and Pathology (Drs Buja, Murphy, and Hagler), University of Texas Health 
Sciences Center, Dallas. 

Read before the 27th scientifie meeting of the International Cardiovas- 
cular Society, Nashville, Tenn, June 28, 1979. 

Reprint requests to Department of Surgery, 5323 Harry Hines Blvd, 
Dallas, TX 75235 (Dr Thal). 


1240 — Arch Surg—Vol 114, Nov 1979 





repair." Although recent reports have shown that the 
incidence of thromboembolism is actually higher in 
patients whose venous injuries are treated by ligation, 
thrombosis after peripheral vein repair remains a frequent 
complica-ion.*'* Early patency rates in canine models 
range from 55% to 100%; late patency rates are generally 
higher dae to recanalization.'** Demonstration of altered 
blood cozgulation in postoperative patients has led some 
investigetors to advocate the use of anticoagulant and 
antiplatelet agents after venous anastomosis.: 
Although it is generally accepted that venous anasto- 
moses are thrombogenie, the natural healing process of 
venous endothelium after injury and repair has not been 
closely studied. A better understanding of this process 
could allew more judicious use of anticoagulation and the 
further cevelopment of surgical techniques applicable to 
venous repair. This investigation was specifically designed 
to characterize the reaction of venous endothelium to 
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Fig 1.—Licht micrograph of histologic section of vein stripped 48 
hours before harvesting. Periadventitia contains damaged and 
collapsed arteriole of vasa vasorum (large arrowhead). Periad- 
ventitial and adventitial (A) tissue is disrupted and is infiltrated 
with fibrir and neutrophils (small arrowheads). Media (M) and 
intima are intact ( x 120). 
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Fig 2.—Scanning electron micrographs of stripped veins. Left, One hour after stripping, 
intimal surface shows multifocal loss of endothelial cells (areas indicated by asterisk) 
(x 650). Right, Two weeks after stripping, intimal surface is completely lined by intact 
endothelial cells with well-defined intercellular junctions ( x 650). 
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Fig 3.—Transmission electron micrograph of vein that was stripped four weeks before harvest. intimal 
surface is lined by endothelial cells (E) that are joined by intercellular junctions. Media contains 
smooth muscle cells (SMC) that are lined by basement membranes and have numerous cytoplasmic 
filaments, dense bodies, and pinocytotic vesicles. In other areas, intact venous media contains 
clusters cf collagen fibrils as well as smooth muscle cells ( x 10,000). 
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Fig 4.—Transmission electron micrograph of vein one hour after clamping. Intimal surface is 
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devoid of endothelium. Medial smooth muscle cells (SMC) show severe damage. Collagen (C) 
fibrils and elastic fiber (El) are also present; compare with Fig 3 and 6 ( x 10,000). 


surgical manipulation and the pattern of endothelial heal- 
ing after anastomosis. 


MATERIALS AND METHODS 


Twenty-one mongrel dogs weighing from 15 to 30 kg were 
anesthetized with intravenous pentobarbital. Under sterile condi- 
tions, both external jugular and common femoral veins were 
carefully dissected. Systemic anticoagulation was not used. The 
dogs were divided into four groups. 

In group 1, left jugular and femoral veins (N = 18) were 
mobilized over a distance of 5 to 6 cm. Care was taken to preserve 
the adventitial layer of the vein wall. Right jugular and femoral 
veins were mobilized over the same distance; all adventitia were 
meticulously stripped from these vessels. In group 2, veins were 
mobilized and occluded using a standard vascular clamp (N = 15) 
and Rommel-type tourniquet (N = 9) on each specimen, isolating 
a segment of vein approximately 3 cm in length. Minimal occlusive 
force was used in applying clamps and tourniquets. Prior to 
occlusion, veins were flushed with a small amount of heparinized 
saline solution (10 units/mL of heparin sodium). After one hour, 
clamps and tourniquets were removed and the occlusion sites 
marked with fine vascular suture. In group 3, veins were transect- 
ed and underwent reanastomosis using interrupted (N = 9) or 
continuous (N = 9) technique. When using continuous technique, 
care was taken to place sutures loosely to avoid a "purse-string" 
effect. Number 6-0 polypropylene (Prolene) and No. 7-0 braided 
polyester (Ethibond) were randomly assigned to anastomoses. 
Vascular clamps were applied with minimal occlusive force on 
either side of the transected veins and dilute heparin solution was 
instilled proximally and distally. In group 4, a segment of vein 
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measuring l to 15 cm was resected and anastomosis was 
performed under tension using interrupted (N = 6) or continuous 
(N = 6) technique. Other than the tension on the anastomosis, 
veins in group 4 were treated identically to those in group 3. 

All incisions were carefully closed and covered with collodion 
spray. At varying intervals (1 hour, 48 hours, 1 week, 2 weeks, and 
4 weeks), the dogs were reanesthetized and vein segments were 
removed. Specimens were fixed in one of the following two ways: 
(1) ex vivo preparation in which removed vein segments were 
promptly opened, rinsed with tissue culture medium, pinned to 
cardboard under stretch, and immersed in aldehyde solution; or (2) 
in vivo preparation in which in situ vein segments were cannu- 
lated, rinsed with saline at approximately 15 mm Hg of pressure, 
instilled with aldehyde solution at the same pressure, and fixed in 
situ for two hours before removal. The ex vivo preparation was 
used for 15 dogs and the results compared with those obtained by 
in vivo preparation in six dogs. Fixation was performed using 
either a modiiied Karnovsky's solution (2.5% glutaraldehyde and 
2% glutaraldehyde in 0.1M phosphate buffer, with a pH of 7.2 to 
7.4), or 3% glutaraldehyde in 0.1M phosphate buffer (pH, 7.2 to 
7.4). 

After gross examination, multiple specimens were obtained for 
microscopic study. Some specimens were submitted for paraffin 
embedding and preparation of sections stained with hematoxylin- 
eosin. Others were postfixed in 1% osmium tetroxide in 0.1M 
phosphate buffer (pH, 7.2 to 7.4), dehydrated through a graded 
series of alcohols and propylene oxide, and embedded in epoxy 
resin (Epon-Araldite). For light microscopy, l-& thick epoxy 
sections were cut, stained with toluidine blue, and examined and 
photographed with a photomicroscope (Zeiss). For transmission 
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Fig 5.—Scanning electron micrograph of clamped veins. Left, One hour after clamping, endothelium nas 
been lost from large area of intimal surface (indicated by *) ( x 23). Center, Higher-magnification view 
shows areas devoid of endothelium (*) and patches of preserved endothelium (E) ( x 180). Right, Two 
weeks after clamping, intimal surface has intact endothelial lining ( x 530). 
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Fig 6.—Transmission electron micrograph of vein one week after clamping. Intimal 
surface is lined by endothelium (E) and media has intact smooth muscle cells 
(SMC). Collagen fibrils are also present ( x 10,000). 
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Fig 7.—Scanning electron micrograph of 48-hour-old anastomosis performed with interrupted suture. 


Left, Low-magnification view shows large gaps between sutures (S) that are focally connected with 
strands of thrombus (arrow). Sutures are also covered by thin layer of thrombus ( x 13). Right, 
Higher-magnification view shows thrombotic material composed of fibrin and leukocytes partially 
bridging gap in anastomosis. Adjacent intima is devoid of endothelium ( x 300). 
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Fig 8.—Scanning electron micrographs of 
anastomoses performed with interrupted 
suture technique. Left, One week after 
surgery, surface of anastomosis has been 
extensively covered by endothelium, al- 
though gaps in anastomosis are still pres- 
ent (X150). Right, Two weeks after 
surgery, this particular anastomosis has 
become completely lined with endothe- 
lium ( x 54). 
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Fig 9.—Scanning electron micrographs of 
performed using interrupted suture techni 
amount of thrombus (T) ( x 41). Right, Higher 
devoid of endothelium and consists of fibrin with trappe 


Fig 10.—Scanaing electron micrographs 
of anastomoses produced by continuous 
suture technicue. Left, Forty-eight hours 
after surgery, vein has puckered appear- 
ance, and some thrombus (T) is present 
aleng anastomotic site (x 30). Right, Four 
weeks after surgery, vein shows massive 
thrombus (T) í x 2€). 
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vein harvested four weeks after anastomosis was 
que. Left, anastomotic site is covered by moderate 
magnification shows that surface of anastomosis is 
d WBCs and RBCs ( x 3,167). 
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electron microscopy, ultrathin sections were cut, mounted on 
copper grids, stained with uranyl acetate and lead citrate, and 
examined and photographed with a transmission electron micro- 


scope (JEOL 100 C). For scanning electron microscopy, specimens 


were dehydrated through a graded series of alcohols, critical point 
dried, mounted on stubs using a colloidal carbon paste, coated with 
30 mm of gold palladium alloy using a sputter coater (Denton), and 
examined and photomicrographed with a scanning electron 
microscope. 


RESULTS 


Vein specimens fixed ex vivo showed changes identical 
with those prepared by the more complicated in vivo 
technique. In group 1, all veins in this group remained 
patent without gross or microscopic thrombus formation. 
Both mobilized and stripped veins showed acute disruption 
of periadventitial and adventitial connective tissue with 
damage of the vasa vasorum (Fig 1). The acute injury was 
followed by chronic inflammation and fibrosis in the 
periadventitia. Both mobilized and stripped veins demon- 
strated focal endothelial loss at one hour (Fig 2, left). 
Endothelial repair occurred in some veins as early as 48 


. hours, with all damage repaired by two weeks (Fig 2, right 


and 3). There was no evidence of subendothelial fibrodys- 
plasia or medial damage in either mobilized or stripped 
veins at any observation time. 

Although no intraluminal thrombus was noted in group 
2, gross and microscopic examination of the occlusion sites 
for both vascular clamps and tourniquets showed periad- 
ventitial and adventitial hemorrhage and necrosis. Endo- 
thelial damage was uniformly observed at each occlusion 
site. The endothelial injury extended over a variable 
distance and was associated with disruption of medial 
smooth muscle cells (Fig 4 and 5). Endothelial regeneration 
at clamp sites began at 48 hours and was complete at two 
weeks (Fig 6). Aside from the initial disruption of medial 
elements, no persistent changes were present in the media 
or adventitia. 

Complete occlusion was found in only four of 18 speci- 
mens in group 3, resulting in an overall patency rate of 
78%. Microscopie evidence of thrombus was uniformly 
present, characterized by fibrin deposition and trapped 
blood cells at anastomotic sites (Fig 7). Veins with minimal 
fibrin deposition demonstrated extensive reendothelializa- 
tion by two to four weeks (Fig 8). Healing was associated 
with focal fibrosis and thickening of the wall adjacent to 
the anastomotic site. In veins with more extensive fibrin 
deposition or gross thrombus, the healing process, includ- 
ing the amount of repair and endothelial bridging of the 
defect, was noticeably delayed (Fig 9). Endothelial regen- 
eration remained incomplete for as long as four weeks in 
these specimens. Excessive fibrin deposition was not asso- 
ciated with a specific anastomotic technique or suture 
material (Fig 10). Although the occlusion rate was higher 
for continuous technique (4/9) than interrupted technique 
(0/9), the sample was too small for valid statistical analysis. 
Two of the four occluded anastomoses were performed 
with polypropylene suture and two were performed with 
braided polyester suture. There was no evidence of recanal- 
ization after occlusion in this series. 
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In group 4, anastomosis under tension resulted in 
complete occlusion in three of 12 specimens, resulting in an 
overall patency rate of 75%. An additional four specimens 
(33%) were narrowed at anastomotic sites to less than 50% 
of the original circumference. Histologic findings paral- 
leled those in group 3 with microscopic thrombi at anasto- 
moses, fibrin deposition, and slow endothelial bridging. 
The incidence of thrombosis in interrupted anastomoses 
(1/6) and continuous anastomoses (2/6) was similar. Type 
of suture material played no apparent role in thrombus 
formation. 


COMMENT 


The increased use of peripheral veins as bypass conduits 
for aortocoronary, aortorenal, and other arterial bypasses 
has led to a wealth of data concerning the behavior of 
venous autografts in arterial systems." After initial 
desquamation in the first week of graft placement, endo- 
thelium rapidly regenerates with half of the total graft 
surface covered by one month.” Despite this restoration of 
a smooth luminal surface, arterialized veins are plagued by 
subendothelial alterations, including cellular pro iferation 
and collagen deposition in the intima, media, anc adventi- 
tia.” Mural edema, inflammatory changes, necrosis of 
myocytes, and medial and adventitial hemorrhage foci are 
frequently noted. In addition to such primary derange- 
ments in the vascular wall, endothelial disruption and 
rupture of intracellular junctions in venous autografts 
results in a more favorable environment for deposition of 
fibrin and platelets. 

The cause of subendothelial changes remains controver- 
sial; forceful distention prior to placement, wall ischemia, 
and persistently increased intraluminal pressure have been 
investigated. The importance of mechanical factors is 
supported by the demonstration of necrotic smooth muscle 
cells in the tunica media shortly after graft placement. 
With time, these medial defects are filled with collagen. 
Several investigators have suggested that damage to the 
vasa vasorum during distention of venous autogrefts is an 
important mechanism. Subsequent impairment of nutrient 
blood flow through the media could contribute to subendo- 
thelial fibrodysplasia. 

Using à somewhat different model for interruption of 
the vasa vasora, Brody et al? found that “ischemic” vein 
segments demonstrated medial fibrosis whether inter- 
posed in a high-pressure (arterial) or low-pressure (venous) 
system. In addition, he described noticeable intimal prolif- 
eration and fibrosis, medial fibrosis, and loss of myocytes 
when "ischemic" vein segments were subjected to high 
intraluminal pressure. Although our investigation did not 
address the changes observed in arterialized vein 
segments, we observed no such alterations in intimal 
histology nor did we find any medial fibrosis in either 
stripped or mobilized veins. Since loss of vasa vasora was 
well documented histologically in both stripped an1 mobil- 
ized veins, it is suggested that at least in low-pressure 
systems, venous endothelium, subendothelial intima and 
media receive sufficient oxygenation and nourishment 
from luminal diffusion. Furthermore, the identical histo- 
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logie appearance »f stripped and mobilized veins indicates 
that vasa vasora are damaged even when an attempt is 
made to minzm ze such trauma. 

Another condusion suggested by our data relates to 
endethelial damage caused by vascular clamps. Although it 
is universally aceepted that anastomotic suture lines are 
thrombogenie, iz is less well appreciated that clamp trauma 
pozentiates the problem. Extensive endothelial loss at 
clamp sites with underlying hemorrhage and necrosis of 
myoeytes predisposes to deposition of platelets and fibrin 
with subsequen: luminal narrowing. Since clamps must be 
placed on either side of an anastomosis, a situation not 
unlike several subcritical stenoses in series may develop. 
The extension of endothelial loss past the actual site of 
injury correlates with the findings of Schwartz et al* in 
their study of arterial lesions, in which alterations in 
microscopic structure and function extended up to 100 cells 
beycnd a point of endothelial injury. Although no readily 
apozrent solutier for this problem exists, knowledge of the 
damage produeed by clamps should alert the vascular 
surgeon to use mimimal ocelusive force and avoid excessive 
traction on a vein when using clamps as handles. Unneces- 
sary handling of venous intima and extensive drying 
during exposare ean further aggravate endothelial loss and 
should be minimized. 

Repair of arastomotic sites is characterized by early 
fibrin and platet deposition followed by a varying degree 
of thrombus formation. An inverse relationship was noted 
bezveen the extent of localized thrombus and endothelial 
bridzing of the anastomotic defect. Specimens with mini- 
mal thrombus showed endothelial bridging at one week, 
and near complete reendothelialization by two to four 
weeks. Endothelial bridging was incomplete for as long as 
four weeks n those specimens with considerable fibrin 
devesition a: zrastomoses, regardless of surgical tech- 
nique. Benefits of anticoagulation after venous repair may 


be related te minimization of this fibrin sleeve. In this- 


context, adecuste anticoagulation could indirectly promote 
endethelial hezlimg at venous anastomoses. Tension at 
anastomotic sites resulted in a histologic picture identical 
with anastomoses not done under tension, suggesting that 
the increased thrombosis rate associated with such 
constricted anastomoses is unrelated to the healing process 
per se and more probably results from hemodynamic 
abnermalities. 

The technique of venous anastomosis has been exten- 
sivey reviewed in many articles and monographs.*** 
Although it is true that experienced vascular surgeons 
have reported aeceptable patency rates using continuous 
technique, it is oer belief that interrupted technique allows 
for a greater mergin of error, particularly in less experi- 
enced hands. Although patency rate was not our primary 
concern in th:s investigation and statistical analysis 
showed no substantial differences, the patency rate for 
interrupted surzical technique was greater than the paten- 
cy rate for continuous technique (14/15 patent using 
interrupted teehmique vs 9/15 patent using continuous 
technique). Sinee operative time was similar for the two 
techniques, it vould seem advisable for the surgeon who is 
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relatively inexperienced in venous repairs to use inter- 
rupted suture technique. This is probably most important 
in veins less than 5 mm in diameter. 

Venous anastomoses remain a challenge to the vascular 
surgeon. Low patency rates are influenced by the minimal 
pulsatility of venous flow and a tendency for in situ 
thrombosis, which is observed even in uninjured segments. 
Our investigation demonstrates that moderate amounts of 
fibrin deposition at anastomoses can retard endothelial 
healing and contribute to early failure. Although perioper- 
ative anticoagulation may inhibit thrombus formation, 
judicious placement of vascular clamps and careful 
handling of venous tissue will consistently minimize endo- 
thelial injury and reduce thrombogenicity. Attention to 
such technical detail would seem appropriate. 


H. Thomas Wheeler and Anna Siler provided technical assistance. 
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Discussion 
Makis TsAPOGAS, MD, MCu, Stony Brook, NY: The report by Dr 


=- Krupski and his colleagues is a significant study of a common 


problem responsible for postoperative complications. Some time 


. ago, we conducted a similar study on the possibly damaging effect 


of various vascular clamps as compared to soft snares for occluding 
vessels. We found that the latter method was substantially kinder 
to the intima of the vessel. We also observed such effects of 
Fogarty catheters on the endothelium. Overdistention of the 
balloon was a significant factor contributing to damage of the 
intima. Effective thrombectomy can be achieved without having 
an excessively distended balloon. May I ask the authors if they 
compared the effects of vascular clamps to soft tube snares and 


. also the effects of Fogarty catheters with the varying degree of 


4 2 


inflation of the balloon. 

PETER B. SAMUELS, MD, Tarzana, Calif: I was very happy to see 
that in this electronie age Virchow's triad of blood flow, coagula- 
bility, and vessel wall are still intact and to see that the authors 
noted the extraordinary difficulty of producing a significant 
venous thrombosis in a healthy, intact vessel. 

In 1952 at McGill University, we conducted a whole-mount study 
using supravital staining in veins that have been damaged by 
mechanical, chemical, and thermal means, and we found that the 
endothelium was stained at the intercellular lines in a relatively 
uniform manner. With any form of injury there was a uniform 
response consisting of minimal injury in which bodies appear only 


. on the intercellular cement lines. With more serious damage you 


get a spead of fibrin over the vessel wall, but still the spread of 
fibrin and the propagation of thrombosis is limited to the 
damaged vein wall and the surrounding area. With maximum 
trauma, such as the application of a clamp, we do get less of 
endothelium but strangely enough the subendothelial layer also 
shows this property of restricting the propagation of thrombosis 
to merely a covering layer under which repair, as Dr Krupski 
described it, will proceed. 

When we did the vein-stripping experiment, it followed the 
work of J. F. O'Neill who claimed that the vaso vasorum were 
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important to the maintenance of intact endothelium. We 
surrounded our veins for up to 72 hours with polyethylene 


' sheathing and we found very small damage. I do not know the 


reason for zhe difference in our results from those in the present 
report. | 

In our series of 150 veins, the only two gross thromboses we had 
with all tyres of injury followed the application of a comstricting 
ligature downstream to the injury. Therefore, you have to have at 
least two o* Virchow's triad fulfilled to produce thrombcsis, and I 
think in ttis case that is provided by the constriction of the 
anastomosis plus the continuity of the fibrin overlying iz. Howev- 
er, the fibria deposit was referred to as interfering with endothe- 
lial healing. I would like to state that a fibrin tube is present after 
all vessel anastomoses and endothelial healing is allowed to 
proceed under cover of this very beneficial fibrin tube. 

Norman M. Ricu, MD, Washington, DC: It was most encourag- 
ing to see the emphasis given to the management cf venous 
problems im this year’s program. There has been an increased 
interest in the management of venous trauma in the last ten 
years, and the authors, particularly Dr Krupski for his beautiful 
presentation, are to be congratulated for the valuable szudy that 
they have added to this area of interest. Fibrin deposition that 
they outlined in their study has added additional background and 
emphasis tc the action of adjunctive measures that have been used 
from heparinization to aspirin to increase patency in venous 
repair. This will stimulate additional investigation in tke future. 

I had the privilege of reading the manuscript, and th» authors 
give additicnal information that will be of value to all regarding 
the action cf veins in the arterial system as well as in the venous 
system. 

The ques-ion that I would ask the authors regards their lack of 
finding recanalization of thrombus in the venous system. It has 
been documented repeatedly that the venous system differs from 
the arterial system in its rule for recanalization of thrombus. 

As far as technique is concerned, I was interested and concerned 
that they did not believe tension affected any of the repairs. I was 
pleased that the authors emphasized that meticulous techniques 
are importent in venous repair. 

RoBERT L. Kistner, MD, Honolulu: I would like to poinz out that 
their results are on 21 mongrel dogs. This study contribu-es to our 
understand ng of the process of injury and repair in tre venous 
system. I certainly hope that it does not unduly increase our 
reluctance to operate on veins of humans. 

It has been demonstrated that we can operate successfully in the 
venous tree of humans with a minimal rate of thrombosis and with 
the use of a minimal degree of anticoagulation. In our personal 
experience with venous surgery, we have found more morbidity 
from excessive anticoagulation than we have from postoperative 
thrombosis. 

Dr Krupski: Dr Tsapogas, we did not use the “soft snare"; we 
used a standard umbilical tape to create our tourniquets. In 
answer to your question regarding Fogarty catheters, we did not 
employ these in our model. 

Dr Samuels, thank you for your kind response. It wzs similar 
research us-ng supervital stains that led us to further investigate 
the nature »f venous healing. 

Dr Rich, we are currently investigating the efficiency of 
anticoagulaats in promoting the healing process of veneus endo- 
thelium. W2 did not note recanalization in our veins, perhaps 
because some of our animals were killed at one week or 48 hours 
and recanalization generally does not occur until later. 

Regardinz the effects of tension on anastomoses, we would like 
to reiterate that tension does not change the healing proeess. This 
does not in any way imply that excess tension is desirable in 
venous anastomoses. 
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When sutures or cautery may injure vital tissue, secondary necrosis or fistula 
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When additional sutures may compromise vascular anastomoses or increase 
bleeding by tearing weakened vessel walls, Avitene provides effective 
hemostasis without producing vascular stenosis. 


When bleeding sites are inaccessible to suture ligation, use of Avitene 
minimizes the need for time-consuming dissection and avoids tissue trauma 
resulting from organ manipulation. 


When there is generalized bleeding from vascular or friable tissues, 
Avitene adheres tenaciously to bleeding surfaces, providing rapid hemostasis 
with minimal foreign body reaction. Avitene is the topical hemostat 
which has even been demonstrated to control splenic bleeding. 


When there is bleeding from cancellous bone, Avitene, unlike bone wax 
and oxidized cellulose, controls bleeding without interfering with bone healing. 
And Avitene readily conforms to irregular surfaces and cavities, where 
other topical hemostats may be difficult to apply. 


When bleeding could prolong surgery by obscuring your visual field, 
use of Avitene permits surgery to proceed more quickly and also 
reduces the risks of prolonged anesthesia. 


When minimizing blood loss is critical, the use of Avitene 
may diminish the need for blood replacement and so avoid the potential 
complications of transfusion. 


0r Whenever conventional methods 
of hemostasis are ineffective or impractical. 
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Consider the advantages of Avitene... 


Reacts quickly with blood to trigger hemostasis 

Adheres to- irregular bleeding surfaces even without suturing 
Rapidly effective; stable clot is established within minutes 
Readily 2bserbed by the body; no interference with healing 


„particularly in cardiovascular surgery 


Effective in heparinized patients 
No stenotic effect in vascular anastomoses 
Controls b:eeding from sternotomy 
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Avitene 


Microtibrillar 
Collagen Hemostat 


An important option 
whenever rapid and reliable 
hemostasis is required 


General Surgery 


Controls bleeding from vascular and 
friable tissues 


Effective in multifocal bleeding 


Cardiovascular Surgery 
No stenotic effect on vascular anastomoses 
Controls bleeding from sternotomy 
Effective in heparinized patients 
Controls high pressure bleeding 


Orthopedic Surgery 
No interference with bone healing 


Conforms easily to irregular surfaces 
and cavities 


Gynecologic Surgery 
Controls bleeding from vaginal and 
bladder muscularis 


Avoids tissue trauma resulting from 
excessive suture ligation 


Neurosurgery 
Remains adherent during suctioning 
Does not need to be cut or shaped 
Does not swell 
Minimal foreign body reaction 


Description: Avitene** (Microfibrillar Collagen H2mostat, or 
MCH)is an absorbable topical hemostatic agent prepared as a 
dry. sterile, fibrous, water insoluble partial hydroct loric acid salt of 
purified bovine corium collagen. In its manufacture, swelling of 
the native collagen fibrils is controlled by ethyl alcohol to permit 
noncovalent attachment of hydrochloric acid to ar ine groups on 
the collagen molecule and preservation of the essential morphol- 
ogy of native collagen molecules. Dry heat sterilization causes 
some cross-linking which is evidenced by reductiom of hydrating 
properties, and a decrease of molecular weight wh ch implies some 
degradation of collagen molecules. However, the caaracteristics of 
eollagen which are essential to its effect on the blocd coagulation 
mechanisms are preserved. 

indications: Avitene (MCH) is used in surgical procedures as an 
adjunct to hemostasis when control of bleeding by ligature or con- 
ventional procedures is ineffective or impractical. 
Contraindications: Avitene (MCH) should not be vsed in the clo- 
sure of skin incisions as it may interfere with the healing of the 
skin edges. This is due to simple mechanical interposition of dry 
collagen and not to any intrinsic interference with wound healing. 
By filling porosities of cancellous bone, MCH may significantly 
reduce the bond strength of methylmethacrylate achesives. MCH 
should not, therefore, be employed on bone surfaces to which 
prosthetic materials are to be attached with methyl methacrylate 
adhesives. 

Warnings: Avitene (MCH) is inactivated by autocleving. Ethylene 
oxide reacts with bound hydrochloric acid to form ethylene chloro- 
hydrin. This product should not be resterilized. It is not for injec- 
won. Moistening MCH or wetting with saline or thrombin impairs 
its hemostatic efficacy. It should be used dry. Disca-d any unused 
portion. As with any foreign substance, use in contaminated 
wounds may enhance infection. 

Precautions: Only that amount of Avitene (MCH) necessary to 
produce hemostasis should be used. After several minutes, excess 
material should be removed; this is usually possible without the 
re-initiation of active bleeding. Failure to remove excess MCH 
may result in bowel adhesions or mechanical pressure sufficient to 
compromise the ureter. In otolaryngological surgery, precautions 
against aspiration should include removal of all excess dry mate- 
nal and thorough irrigation of the pharynx. MCH contains a low, 
but detectable, level of intercalated bovine serum protein which 
reacts immunologically as does beef serum albumin. Increases in 
anti-BSA titer have been observed following treat ent with MCH. 
About two-thirds of individuals exhibit antibody titers because of 
ingestion of food products of bovine origin. Intradermal skin tests 
have occasionally shown a weak positive reaction tc BSA or MCH 
but these have not been correlated with IgG titers t» BSA. Tests 
have failed to demonstrate clinically significant elicstation of anti- 
bodies of the IgE class against BSA following MCE therapy. Care 
should be exercised to avoid spillage on nonbleedir g surfaces, par- 
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which may be related to the use of Avitene (MCH)are potentia- 
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dehiscence and mediastinitis. Other reported adverse reactions 
possibly related are adhesion formation, allergic rezction, foreign 
body reaction and subgaleal seroma (report of a sirgle case). The 
use of MCH in dental extraction sockets has been reported to 
increase the incidence of alveolalgia. Transient laryagospasm due 
to aspiration of dry material has been reported following use of 
MCH in tonsillectomy. 

How Supplied: In | g and 5 g sterile jars of sterile mucrofibnilar 
collagen hemostat, all contained in a sealed can. Sterility of the jar 
exterior cannot be guaranteed if can seal is broken. Content of jar 
is sterile unul opened. 29986 


*"Avitene" is a registered trademark of Avicon, Inc , 
distributed by Alcon Laboratories, Inc. 


AVICON Fort Worth, Texas 76134 USA 


Printed in USA A039 May 1979 








Noninvasive Prediction of Amputation 


Level in Diabetic Patients 


Gary W. Gibbons, “1D; Frank C. Wheelock, Jr, MD; Carol Siembieda, RN; 
Carl S Hear, Jr MD John L. Rowbotham, MD; Alfred B. Persson, MD 


e Noninvasive laboratory testing was used to predict success- 
ful amputation levels in 150 diabetic patients. The cases of 100 
patients undergoing forefoot amputation and 50 patients under- 
going below-knee amputation were evaluated using segmental 
systolic pressures and pulse volume recordings (PVRs). The 
decision for and the level of amputation were based solely on 
clinical judgment. In patients undergoing forefoot amputation, 
segmental systolic pressures were falsely high or predicted 
incorrectly in overhalf the cases. Segmental PVRs were correct- 
ly predictive im oalv half of the cases. In patients undergoing 
below-knee amputation, segmental systolic pressures were 
falsely high or predicted incorrectly in over one third of cases. 
Segmental PVFs were correctly predictive in less than one third 
of the cases. Ir the diabetic patient, clinical judgment continues 
to previde the mcs! accurate and reliable information by which 
the type of ampetation and likelihood of its success can be 
judged. 

(Arch Surg 114.1253-1257, 1979) 


he nonirvasive vascular laboratory has added a new 
dimension te the evaluation and treatment of arterial 
insufficiency im the lower extremity. The application of 
this technique tothe patient with an open foot lesion is of 
special interest and importance, and several authors? have 
usec this me-hed to predict which uleer will heal and which 
will not. Others * have employed data from noninvasive 
tests to determine the proper level of amputation. These 
autaors have ascertained that there are laboratory values 
indicating that enough arterial circulatory supply is or is 
not present to permit the healing of a given amputation. 
They have stated further that such laboratory data are 
mose accurace than clinical judgment or arteriography in 
making these ~ital decisions.^ 
Although aoainvasive laboratory testing has application 
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to the management of the diabetic extremity, large series 
that evaluate diabetic patients are lacking, and the criteria 
for the primary healing of lesions and amputations in 
diabeties have been misleading. The present study was 


undertaken to evaluate both thigh, calf, and ankle systolic 


pressure and segmental pulse volume recordings (PV Rs) in 
predicting the successful level for amputation in a large 
series of diabetic patients. 


PATIENTS AND METHODS 


A total of 150 diabetic patients entering the New England 
Deaconess Hospital (Boston) with foot lesions necessitating ampu- 
tation were studied. One hundred patients underwent forefoot 
(toe, toe and metatarsal, or transmetatarsal) amputations. All 
patients were attended to by the Joslin Diabetic Clinic (Boston). 
Each had a careful history taken and physical examination 
performed, with particular emphasis on the vascular examination 
of the lower extremities. Because of the presence of the foot 
ulcers, all laboratory evaluations were performed with the patient 
at rest. Segmental systolic pressure measurements were taken at 


. the brachial, thigh, calf, and ankle levels. Pulse volume recordings 


were taken at the thigh, calf, ankle, and forefoot levels. All tests 
were performed by qualified personnel according to the tech- 
niques outlined by several authors.’ The decision to operate and 
the level of amputation were decided solely on the basis of clinical 
judgment.* The group of 100 patients undergoing forefoot ampu- 
tation included 63 men and 37 women ranging in age from 36 to 86 
years, with a mean age of 64 years. The mean duration of diabetes 
was 20 years, the majority of patients having their diabetes 
controlled with insulin. 

Of the 50 patients undergoing below-knee amputation, 27 were 
men and 23 were women. Ages ranged from 32 to 80 years, with a 
mean age of 64 years. The mean duration of diabetes was 20 years, 
and the majority of patients were insulin-dependent. 


RESULTS 


All patients requiring amputation were divided into two 
groups. One hundred had forefoot (toe, toe and metatarsal, 
or transmetatarsal) amputations and 50 patients under- 
went below-knee amputation. Each group was divided into 
two subgroups on the basis of healing. Sex distribution, 
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ard 


Mean Duration of 
Amputations Sex Age, yr Diabetes, yr 


Healed, N — 82 56 M, 26 F 64 20 
Failed, N — 18 7M,11F 64 17 

















*TMA indicates transmetatarsal and BK indicates below-knee. 


Table 1.—Data for 100 Patients With Forefoot Amputations 
Mean Arteriogram, 





VR Pe LTE Y 9E GN rpm 





No. of 






Type of Amputation 


Control Level* Patients 
69 Insulin, 13 Oral 31 Toe, 51 TMA 28 
16 Insulin, 1 Diet, 1 Oral 3 TMA, 15 TMA-BK 15 





















Table 2.—Data for 50 Patients With Below-Knee Amputations 








Mean Arteriogram, 
Mean Duration of Type of Amputation No. of 
Amputations Sex Age, yr Diabetes, yr Control Level* Fatients 
Healed, N — 48 27M,21F 63 20 31 Insulin, 11 Oral, 4 Diet 48 BK 33 
Failed, N = 2 2F 75 12 2 Insulin 2 BK-AK 1 


*BK indicates below-knee and AK indicates above-knee. 





Table 3.—Systolic Pressure Measurements in 100 
Patients With Forefoot Amputations 







Failed to Heal,* 
No. (%) of 
Patients 





Healed,* 
No. (96) of Patients 






Pressures 
Segmental 




























200 43 (52)t 7 (39)t 
Sequential 27 (33) 8 (44) 
Nonsequential 3 (17)7 
Ankle 
200 16 (20)7 2 (11)7 
100-200 21 (25) 3 (17) 
70-100 14 (17) 8 (44)t 
< 70 31 (38)t 5 (28) 





*The amputations healed in 82 patients and failed to heal in 18. 
{Indicates that the test did not predict correctly in a large percentage of 
the patients. 


mean age, mean duration of diabetes, and type of control 
(Tables 1 and 2) were not statistically different between 
the groups (by x? analysis, P > .05). 

Of the 100 forefoot amputations, 82 healed and 18 failed 


to heal. Segmental systolic pressures (Table 3) were falsely - 


high (> 200 mm Hg) in 43 patients who healed and in seven 
patients who failed to heal. In only 27 patients of the 
healed group and eight of the failed-to-heal group did the 
segmental systolic pressures show a sequential pattern. 

Ankle systolie pressures (Table 3) were falsely high 
(> 200 mm Hg) in 16 patients who healed and two who 
failed to heal. In the healed group, ankle pressures were 
between 70 and 200 mm Hg in 35 patients and below 70 mm 
Hg in 31. In the failed-to-heal group, 11 patients had ankle 
pressures between 70 and 200 mm Hg, while only five had a 
pressure less than 70 mm Hg. 

The results of PVRs in the forefoot amputation group 
are given in Table 4. Segmental PVR traces followed a 
sequential pattern in 40 patients who healed and ten 
patients who failed to heal. A flat or slightly positive 
forefoot PVR trace was present in 41 successful amputa- 


"tions and in 15 failures. All 16 patients with a strongly 


positive forefoot PVR trace healed. 
Of the 50 patients having a below-knee amputation, 48 
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Table 4.—Pulse Volume Recording Results in 100 
Patients With Forefoot Amputations 


Failed to 
Heal,* No. (96) 
of Petients 


Healed,* 
No. (96) 
Traces of Patients 
Segmental 
Sequential 
Nonsequential 
Forefoott 
Flat 11 (14)7 8 :50) 
Slight 30 (39) 7 44) 
Moderate 19 (25) 1:6) 
Strong 16 (22) 0:0) 


10 156) 
8 144) 


40 (49) 
42 (51)f 


*The amputations healed in 82 patients and failed to heal in 18. 

Tindicates that the test did not predict correctly in a large percentage of 
the patients. 

Tin six patients whose amputations healed, the pulse volum» recording 
traces were not performed because of proximity to the ulcer. They were 
also not performed in two patients whose amputations failed $o heal. 


healed and two failed to heal. The results of segmental 
systolie pressure measurements are given in Table 5. 
Falsely high (> 200 mm Hg) segmental systolic pressures 
were found in 17 of the successful amputations ard in one 
of the failures. The distribution of patients by systolic 
pressure measurements taken at the thigh, calf, aad ankle 
is given in Table 5. There was noticeable variability of 
systolie pressures at all levels in the group whose amputa- 
tions healed. 

Segmental PVRs (Table 6) followed a sequential pattern 
and were correctly predictive in 13 of the 48 stccessful 
below-knee amputations. There was a noticeable variabili- 
ty in ankle PVR traces among the healed group. 

Arteriograms were performed in 43 patients undergoing 
forefoot amputation and in 34 patients undergoing below- 
knee amputation. The arteriographic findings were 
compared with the results of the noninvasive tests and did 
not correlate in over 50% of these cases. 


COMMENT 


By providing simple, accurate, inexpensive, and repro- 
ducible means for assessing the functional significance of 
arterial occlusive disease, the noninvasive vascular labora- 
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"m TE ce ron 
Table 5 —Syssolic Pressure Measurements in 50 Patients 
With Below-Knee Amputations 
Healed,* Failed to Heal,* 
No. (%) of No. (%) of 
Pressures Patients Patients 
Segmental 
> 200 17 (38)t 1 (50) 
Sequential 23 (51) 1 (50) 
"^ Nonsequential 5 (11) 0 (0) 
Not done AE gu. 
Thigh 
> 290 17 (38)t 1 (50) 
89-200 18 (40) 1 (50) 
< 89 10 (22) 0 (0) 
Not dene 3: 02. 
Cal 
- 200 10 (22)t 1 (50) 
-200 24 (53) 1 (50) 
< 65 11 (25)t 0 (0) 
Not done A. 0. 54 
Ankle 
> 200 4 (9)t 0 (0) 
700-200 5 (11) 0 (0) 
70-100 15 (32) 1(50) 
= T0 22 (48)t 1 (50) 






Not done "su Oi... 





*The amputaticns healed in 48 patients and failed to heal in two. 
TIncicetes that hetest did not predict correctly in a large percentage of 
the »atients. 


tory nas added greatly to the clinical diagnosis of arterial 
insufüciency ef the lower extremity. This is particularly 
true fer the current use of noninvasive testing in the 
evaluation of the patient with a foot lesion. It has been 
used tc predict the primary healing of arterial lesions with 
eorservative management alone, and when amputation is 
necessary, noninvasive testing has been used to determine 
the appropriete level of amputation and the likelihood of 
its success. 

Two of the most widely used noninvasive tests are 
segmental systolic pressure measurements taken at the 
thign, calf, and ankle and PVRs at the thigh, calf, ankle, 
and tramsmetacarsal (forefoot) levels. Detailed descrip- 
ticns of these tests as well as interpretive results and 
reeammenda-icns: have been published by numerous 
proponents.'- 

Diabetic patents frequently have artificially elevated 
systolic pressures at all levels in the lower extremity that 
are thought by many to be secondary to medial calcinosis of 
peripheral ves=Bb. Previous reports noted that in 5% to 10% 
of diabetic patents, systolic pressures could not be 
measured at al »ecause of stiff, noncompressible vessels.” 
Furthermore, »eeause of the predilection for more distal 
small-vessel disease in the diabetic, foot lesions may 
develop or progress at higher ankle pressures than in the 
nondiabetic. 

Carter' has shown that lower extremity ulcers in nondia- 
betic patierts healed primarily when the ankle systolic 
pressure was zmeater than 55 mm Hg. Correlation in the 
dizbetic patient was not as good when ankle pressures 
were used alone. Raines et al’ used an ankle pressure of 
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Table 6.—Pressure Volume Recordings of 50 Patients 
With Below-Knee Amputations 










Healed,* Failed to Heal,* 
No. (96) of No. (96) of 
Traces Patients Patients 
Segmental 
Sequential 13 (28) 0 (0) 
Nonsequential 34 (72)7 2 (100) 
Not done Toig 0o 
Ankle 
Flat 6 (12.5)t 0 (0) 
Slight 17 (35)t 2 (100) 
Moderate 19 (40) 0 (0) 






Strong 6 (12.5) 0 (0) 





*The amputations healed in 48 patients and failed to heal in two. 
indicates that the test did not predict correctly in a large percentage of 
the patients. 


greater than 65 mm Hg in the nondiabetic and greater 
than 90 mm Hg in the diabetic as the criteria for the 
primary healing of arterial lesions with conservative 
management alone. By adding segmental PVRs, including 
forefoot and digital traces, they were better able to predict 
the course of treatment of a foot lesion. 

One of the most important and valuable aspects of the 
noninvasive vascular laboratory is its use to determine the 
appropriate level of amputation and to predict the likeli- 
hood of success. Bernstein? has noted that ankle systolic 
pressure is perhaps the best determinant presently avail- 
able for selecting appropriate amputation levels. An ankle 
systolic pressure of greater than 70 mm Hg has been used 
by most observers to predict primary healing of a toe, 
transmetatarsal, or Symes's amputation. Raines and his 
associates* combined ankle pressures with PVRs taken at 
the transmetatarsal and digital levels to provide a more 
precise assessment. They noted that if a pulsatile trans- 
metatarsal PVR recording was present, healing was likely 
in 90% of the patients. ; 

The prediction of primary healing for a below-knee 
amputation is extremely important since it has been shown 
that preservation of the knee joint is far superior not only 
for prosthetic rehabilitation but also because the energy 
eosts to the patient are less than with an above-knee 
amputation.’ The socioeconomic and emotional problems 
are also less with a below-knee amputation. Several centers 
have derived indices for primary healing of below-knee 
amputation. Yao and Bergan’ reported that a thigh pres- 
sure of greater than 80 mm Hg or a calf pressure greater 
than 50 mm Hg was associated with primary healing. 
Barnes et al? used a calf pressure of greater than 70 mm 
Hg, while Raines and his associates’ noted that a calf 
pressure above 65 mm Hg at the calf and above 30 mm Hg 
at the ankle were critical for primary healing. 

We previously reported our early experience with the 
noninvasive prediction of healing of forefoot amputations 
in the diabetic patient.'" This report expands that experi- 
ence to include our evaluation of 100 forefoot amputations 


and 50 below-knee amputations as well as noninvasive.. 


criteria for the primary healing of foot lesions with 
conservative management alone. 
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Table 7.—Predicted Healing of 100 Patients With 
Forefoot Amputations by Noninvasive Testing 


Healed,: Failed to 
96 Heal, 96 


Segmental systolic pressures 
Falsely high, > 200 mm Hg, 
or not predictive 


Predicted correctly 


Ankle systolic pressures 
Falsely high, — 200 mm Hg 


Predicted healing, > 70 mm Hg 
Predicted failure, — 70 mm Hg 


Segmental PVRs 
Predicted correctly 


Not predictive 


Forefoot PVRs 
Predicted healing 


Predicted failure 





*PVRs indicate pulse volume recordings. 
7The amputations healed in 82 patients and failed to heal in 18 
patients. 


The majority of diabetic patients with arterial occlusive 
disease of the lower extremity have a foot lesion in 
contrast with the nondiabetic. Our experience with the use 
of segmental systolic pressures and PVRs to predict the 
primary healing of foot lesions with conservative manage- 
ment has been disappointing, and we can find no consis- 
tent criteria that are more accurate and reliable than 
clinical judgment. Falsely high (> 200 mm Hg) segmental 
systolic pressures are found in over one third of the 
extremities examined. We can find no ankle systolic 
pressure above which primary healing will occur. Segmen- 
tal PVRs have consistently failed to differentiate proximal 
superficial femoral artery disease from disease in the 
aortoiliac segments. A pulsatile forefoot PVR trace does 
not guarantee that primary healing will occur in the 
diabetic extremity. 

Our experience with the noninvasive prediction of heal- 
ing of 100 forefoot (toe, toe and metatarsal, or transmeta- 
tarsal) amputations is given in Table 7. Falsely high (> 200 
mm Hg) segmental systolic pressures were present in 50% 
of the evaluations. Of the 82 patients who healed, falsely 
high or nonsequential segmental pressures were found in 
two thirds. Of the 18 failures, ten (56%) had pressures 
greater than 200 mm Hg or of a nonsequential pattern. 
Ankle systolic pressures predicted failure in 38% of the 
patients who healed and predicted success in 11 (61%) of 
the patients who failed to heal. Segmental PVRs gave 
correct predictions in only half of the total group. Flat or 
slightly positive forefoot PVRs were present in 94% of the 
failed amputations and in 53% of those that healed. All 
patients with a strongly positive forefoot PVR trace 
healed, making this the only noninvasive test result 
correctly predicting successful outcomes. 

Although one could say that clinical judgment was in 
error in 18% of the forefoot amputation group, it must be 
noted that in cases where clinical judgment favors a higher 
amputation but there is question for successful forefoot 
amputation, the patient with his physician may choose a 
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Table 8.—Predicted Healing of 50 Patients With 
Below-Knee Amputations by Noninvasive Testing 


Healed,: 


Test* No. (%) of Patients 


Segmental systolic pressures 
Falsely high or not predictive 


Predictive 

Thigh systolic pressure 
Falsely high or predicted failure 
Predicted healing, > 80 mm Hg 


Calf systolic pressure 
Falsely high or predicted failure 


Predicted healing, > 65 mm Hg 


Ankle systolic pressure 
Falsely high or predicted failure 


- Predicted healing, > 70 mm Hg 


Segmental PVRs 
Predicted correctly 


Not predictive 


Ankle PVRs 
Predicted healing 


Predicted failure 


22 (49) 
25 (51) 


27 (90) 
18 (40) 


21 (£7) 
24 (£3) 


26 (£7) 
20 (43) 


13 (28) 
34 (72) 


25 (52) 

23 (43) 

*PVRSs indicate pulse volume recordings. 

1The amputations healed in 48 patients and failed to heal in two. The 


results of the tests of patients with amputations that failed to heal are not 
given because the numbers are too small for meaningful intempretation. 


lesser amputation first. This is especially true when there 
has already been a major amputation of the other extrem- 
ity, a not infrequent occurrence in the diabetic patient. 

Our experience with 50 below-knee amputations is given 
in Table 8. We evaluated the segmental systolic pressures 
at all levels to see if there were correlations with the 
predictions of other centers. Segmental systolic pressures 
were falsely high (> 200 mm Hg) or nonsequential in 22 
(49%) of the 48 successful amputations. Individual thigh, 
calf, and ankle systolie pressures were either falsely high 
or not predictive in over half of the cases. There was no 
correlation between segmental and ankle PVRs and 
primary healing in this series of amputations. 

There were only two failures in the below-knee amputa- 
tion group, and both of these patients had previously 
undergone major amputation of the other extremity. 
Although elinical judgment questioned primary healing, it 
was elected to try to preserve the knee joint in both 
cases. 

It is our impression that no diabetic patient sFould be 
denied a more conservative amputation solely on tae basis 
of the unfavorable results of noninvasive laboratcry test- 
ing. This study clearly shows that in the diabetic patient, 
clinieal judgment is still more valuable than noninvasive 
techniques in determining the amputation level and the 
likelihood of success. We would concur with Strandness'' 
that all noninvasive procedures are complimenta*y to a 
well-performed history and physical examination. Just as 
important as predicting the successful level of amputation 
is the technique and precision used to carry it oat. The 
principles expounded by McKittrick, Wheelock, anc others 
in Marble and Wheelock,* especially the delicate handling 
of tissue, have certainly contributed to the suecessful 
healing of amputation in the diabetic patient. 
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Discussion 


Ropert W. BAzNES. MD, Richmond, Va: I agree with Dr Gibbons 
that cEnieal judzmert and operative skill remain paramount in 
achiev ng success im amputation healing in both diabetic and 
nondiabetic patients. During the past two years, of 148 lower- 
extremity ampu-aticas with preoperative noninvasive studies at 
the Medical Cobege of Virginia, Richmond, and our Richmond 
Veterans Administration Medical Center, we also found that 
segmental limb 5looc pressures (by the use of Doppler ultrasound) 
did nct correlate well with healing of below-knee amputations. 
However, as in cur original report, we have continued to find that 
the absence of ny Loppler arterial signals in the popliteal space 
or more distally in -he leg is the most ominous sign of wound 
failure in below-kne» amputation, which has occurred in 88% of 
such patients. My first question of Dr Gibbons is: have you been 
able *o correla.e te presence or absence of popliteal artery 
Doppbr signals witk the healing of below-knee amputations? 

In amputations of the toe or foot, we likewise have found the 
anke pressure to be of limited predictive value, although a 
pressure below 55 mm Hg has precluded distal wound healing. To 
more reliably assess-foot circulation, we have used digit photople- 
thysmography iurimg the past two years. The photopulse trans- 
ducer may be applied to the plantar aspect of the toe with clear 
two-faced cellophane tape, avoiding the counterpressure of other 
plethysmegraphic techniques that may exceed the digit or forefoot 
perfusion pressure n cases of advanced arterial disease. Using 
spezial toe cuffs, digit systolic pressures may be measured to less 
than 10 mm Hg. Calcification of digital arteries that precludes 
pressure measurement has only occurred in two instances, in our 
experience. We hawe found that all nondiabetic patients with a 
digit pressure above 10 mm Hg have healed after a digit or foot 
amprtation, while in diabetic patients all wounds failed to heal if 
the toe pressure was less than 25 mm Hg. 

Mz final questions for Dr Gibbons are, have you determined 
digit blood pressur= with the pulse volume recorder? If so, could 
you «omment «en the frequency of calcification of digital arteries 
and the correlation, if any, of digit plethysmography with foot 
ampatations im your diabetic patients? 

-EF RAINES, Pr D, Miami Beach, Fla: In 1975, before this 
Society, Drs Parli»g, Brewster, Buth, and I presented criteria 
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based on noninvasive measurements of PVRs and limb pressures — - 


at the ankle and calf levels for the prediction of primary below- 
knee amputation healing. This method involved four parameters 
and has been accurate in our hands; in addition, to my knowledge, 
this criteria has had widespread use in many vascular laboratories 
throughout the country. I would ask the authors to describe their 
results with the use of these specific criteria in diabetic patients. 
What were the false-positive and false-negative results? | 

Transmetatarsal and button toe amputations are also impor- 
tant. We think that in the absence of infection, if a pulsatile PVR 
is obtained at the transmetatarsal level or at the base of the digit 
in question, a local amputation will primarily heal. This has 
worked extremely well on our service and is completely independ- 
ent of hemodynamic parameters measured at the ankle level. 
What is Dr Gibbons's experience using this criteria in his patients? 
Also, since infection is of major importance, I would be interested 
to know how infection was dealt with in this series of patients. 

I would like to reinforce what Dr Gibbons said regarding the 
predietive value of limb pressures for distal amputation. We have 
never believed that this measurement was particularly helpful. 
This is based on the fact that severe dorsal arch and digital vessel 
disease is often present with adequate perfusion to the ankle 
level. 


Gary W. GIBBONS, MD, Boston: We did not listen to the Doppler: 


signal below the knee and have no experience using this test as a 
predictor of amputation level in the diabetic. We also did not use 
digital pressures in the majority of our cases because of the 
frequent proximity of lesions to the web space or distal forefoot, 
which negated applieation of a toe cuff. 

Dr Raines, I appreciate your comments, also. We used the 
criteria as outlined in your articles and learned the techniques at 
your vascular laboratory. 

In discussing infection, again, this is one of the clinical judg- 
ment areas that we spend a great deal of time dealing with. We 
will spend up to three weeks treating infection with antibioties, 
rest, and appropriate debridement and drainage procedures 


before performing a definitive amputation. The majority of these — 3 
tests are done just prior to surgery, when we believe that infection 


is under control. 
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Late Results of Extra-anatomic Bypass 


James J. Livesay, MD; James B. Atkinson, MD; J. Dennis Baker, MD; Ronald W. Busuttil, MD, PhD; 


Wiley F. Barker, MD; Herbert I. Machleder, MD 


* Clinical progress and results were reviewed in 100 consecu- 
live patients who underwent extra-anatomic bypass procedures 
for brachiocephalic and aortoiliac occlusive disease during the 
past 15 years. Of 113 procedures in this group, extra-anatomic 
bypass of the brachiocephalic vessels, axillo-femoral bypass, 
and femorofemoral bypass were performed. Although these 
procedures were performed in high-risk patients to avoid intra- 
thoracic and intra-abdominal reconstruction or to circumvent 
undesirable anatomic areas, a low operative mortality was 
achieved. Symptomatic improvement, augmented Doppler ankle 
pressure index, and high limb-salvage rate were noted. Life-table 
analysis has confirmed prolonged five-year graft patency. The 
suspected high-risk characteristic in this group was corrobo- 
rated by high progressive mortality observed particularly after 
axillo-femoral bypass and was due primarily to the severity of 
associated diseases. Analysis of the late results of extra- 
anatomic bypass confirms the safety and effectiveness of this 
procedure in poor-risk patients. 

(Arch Surg 114:1260-1267, 1979) 


i e bypass grafts have achieved cautious 
acceptance for restoration of circulation in patients 
with severe arteriosclerotic occlusive disease of the 
brachiocephalic or aortoiliac vessels. Although these subcu- 
taneous bypass grafts offer the advantage of arterial 
reconstruction without the necessity for thoracic or abdom- 
inal vascular procedures, especially in elderly, poor-risk 
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patients, the relatively few reports documenting long-term 
patency and associated complications have thus far limited 
their application to several rather desperate clinical situa- 
tions. For many vascular surgeons, the place of these 
procedures in relation to the more traditional anatomic 
approaches remains uncertain. 

Since the introduction in 1957 of the extrathoracic 
bypass for occlusive lesions of the innominate, common 
carotid, and subclavian arteries, a noticeable decline in the 
operative mortality has been achieved when compared with 
direct intrathoracic repair.' Although a number of authors 
have confirmed the effectiveness of a variety of innovative 
subcutaneous bypass procedures for the relief of cerebral 
ischemic symptoms, only a few have reported the late 
results after brachiocephalic bypass." 

In cases of severe aortoiliae occlusive disease, extra- 
anatomic bypass has generally been used only in patients 
who were an unacceptable risk for intra-abdominal! vascu- 
lar reconstruction in the face of imminent necessity for 
amputation. The axillo-femoral bypass was introduced in 
1962 by Blaisdell and Hall? and also by Louw, as a 
substitute for conventional arterial reconstruction in high- 
risk patients, specifically, in the treatment of infected 
abdominal aortic vascular prosthesis. With the passage of 
time, and increased experience with this procedure, reports 
of several other series have confirmed a low operative 
mortality, in the neighborhood of 1.8% to 4%, and a 
satisfactory early graft patency rate comparable to the 
results of aortic bypass surgery.*” 

In cases of unilateral iliac artery occlusion, Vetto'’ 
described the use of the femorofemoral bypass in 1962. 
Subsequent reports of patients whose progress was 
followed up from two to eight years postoperatively 
commented on prolonged graft patency rates in the range 
of 81% to 94%, with few late graft failures. This 
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prompted some authors to broaden the indications for 
reconstructive arterial surgery." 

Late results of axillo-femoral bypass reported by 
Mannick in 1970, and again in 1977, also showed a satisfac- 
tory cumulative graft patency rate that suggests this 
extra-anatomie procedure may well be comparable in its 
results to conventional aortoiliac reconstruction.*'' There 
have, however, been disconcerting reports indicating a 
high ineidence of early thrombosis with subcutaneous, 
extra-anatomie bypass grafts and a reduced overall graft 
pateney rate when compared with anatomic aortofemoral 
reeonstruction. The conclusions from these reports tended 
to reaffirm the impression that these extra-anatomic 
procedures should be used only in poor-risk patients whose 
likelihood of death or major disability renders conventional 
anatomic reconstruction unacceptable." 

Controversy therefore still remains concerning specific 
indications, safety, and long-term graft patency of these 
extra-anatomic procedures. We undertook a review of our 
experience with extra-anatomic bypass grafts for brachio- 
cephalic, as well as aortoiliac disease, to determine the 
early and late results of these procedures and to examine 
the long-term graft patency of subcutaneous grafts in each 
location as well as to establish the particular natural 
history of occlusive disease in this select group of 
patients. fre E 


SUBJECTS AND METHODS 
Clinical Materials and Methods 


During a 15-yearperiod from September 1964 to January 1979, 
the reeords of 100 consecutive patients who underwent 113 extra- 
anatomic bypass procedures at the UCLA School of Medicine, Los 
Argeles, and the Sepulveda (Calif) Veterans Administration 
Hcspital were selected for review. The. indications included a 
variety of atherosclerotic lesions of the brachiocephalic and 
aorteiliac vessels. For purposes of analysis, the patients were 
grouped according to the category of bypass used: brachiocephalic 
bypass (31 patients); axillo-femoral bypass (33 patients); or femo- 
rofemoral bypass (36 patients). The patient profile was compara- 
ble in each group, with a number of chronic diseases and risk 
facters identified. The average age was 59 years, with a range 
from 36 to 85 years. Male subjects were in preponderance to 
female subjects (1.5:1). Underlying coronary artery disease, mani- 
fest by a prior myocardial infarction, angina pectoris, or conges- 
tive heart failure was present in 44%; chronic obstructive pulmo- 
nary disease was present in 28%; and a history of cerebral stroke 


Table 1.—Additional Risk Factors 











Axillo- 

Femoral Femorofemoral 
(N = 33) (N = 36) 
CEP naa — 





Risk Factors 


Failed prior vascular 
reconstruction 16 (48) 18 (50) 


Regional infection 9 (27) 3 (8) 


Malignancy 4 (12) 6 (17) 


Abdominal /pelvic ir- 





No. (96) 


radiation 3 (9) 3 (8) 
Chronic renal failure 2 (6) 3 (8) 


Abdominal stoma 1 (3) 2 (6) 
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was present in 18% of these patients. A number of typical risk 
factors for atherosclerotic vascular disease were found. A total of 
83% of the patients were cigarette smokers, and they averaged 48 


pack-years; 37% of the patients were hypertensive by history or 


blood pressure on admission; 21% of the patients had elevated 
serum lipid levels or known familial hyperlipidemia; 12% of the 
patients had adult-onset diabetes. 

Additional risk factors were prominent features in those 
patients undergoing extra-anatomie bypass for aortoiliac disease 
(Table 1) A total of 34 patients (49%) had a prior vascular 
reconstructive procedure that had failed. Regional infection was 
present in 12 patients (17%) and included aortic graft infection in 
11 patients. Of these 11 patients, five had aortoenteric fistulas, 
and one patient had an enterocutaneous fistula. Three patients 
had abdominal enteric stomas as potential sources of infection. 
Ten patients in this group had been treated for malignancy, 
including six patients who had abdominal or pelvic irradiation. 
Five patients had chronic renal failure. 


Operative Indications 


The most frequent indication for brachiocephalic bypass was 
episodes of transient cerebral ischemia in 57% of the patients. This 


was characterized by ipsilateral visual symptoms, contralateral . 


motor and sensory symptoms, or dysphasia. In 16% of the patients, 
symptoms of vertebrobasilar insufficiency (including syncope, 
dizziness, vertigo, bilateral sensory or motor loss associated with 
cranial nerve palsy, and bilateral motor dysfunction or incoordina- 
tion) were the primary indications for bypass surgery. Although 
upper extremity ischemic symptoms were present in 52% of those 
with cerebral symptoms, upper extremity paresthesias or 
gangrene alone were the primary indication for operative inter- 
vention in only eight patients (22%). Bilateral subclavian artery 
aneurysm with thrombosis required surgical correction in one 
patient. 

In aortoiliae occlusive disease, the primary indication for extra- 
anatomic bypass was threatened limb loss. Ischemic rest pain or 
gangrene were the most common indications in 26 cases (65%) of 
axillo-femoral bypass and 20 cases (56%) of femorofemoral bypass. 
A prior graft infection was present in eight cases (20%) of the 
axillo-femoral bypass group and in three cases (8%) of the 
femorofemoral bypass group. Claudication, generally of a severe 
and disabling degree, was an infrequent indication for surgery, oc- 
curring in six cases (15%) of axillo-femoral bypass. It was a more 
common indication for surgery in patients who underwent femo- 
rofemoral bypass, 13 cases (36%). 


Operative Procedures 


The variety of operative procedures used are seen in Fig 1 and 2. 
In brachiocephalic occlusive disease, the carotid-subclavian graft 
was used in 28 cases to bypass a proximal obstructing lesion of the 
carotid or subclavian arteries. In cases of innominate stenosis, 
with disease of the contralateral carotid bifurcation, a carotid- 
carotid bypass was performed with a concomitant carotid endar- 
terectomy on the donor side in four cases. In two cases of bilateral 
vertebral stenosis, a carotid vertebral bypass was used. In two 
cases of multiple occlusive lesions of the aortic arch, an axillo- 
axillary bypass in combination with a donor femoro-axillary 
bypass was used. In one instance of bilateral common and internal 
carotid artery occlusion with patent external carotid arteries, a 
subelavian to bilateral external carotid artery graft was 
constructed. 

In 14 eases of bilateral aortoiliac disease, an axillo-femoral 
bypass with a crossover femoral limb (axillo-bifemoral bypass) 
was performed according to well-established techniques. In 
aortic graft infection, our approach has been early removal of the 
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Carotid- Subclavian 


Carotid - Vertebral !Axillo-Axillary - 


and Femoro-Axillary 


Subclavian - Ext. carotid 


Fig 1.—Extra-anatomic bypass for brachiocephalic occlusive 
disease (31 patients, 37 procedures). Note multiple occlusive 
lesions in each case and variety of bypass procedures used. 
Arrows designate direction of blood flow. Ext indicates exter- 
nal. 


infected prosthesis, double-layer closure of the aortic stump, 
followed by vascular reconstruction using the extra-anatomie 
bypass technique. Axillo-unilateral femoral bypass was used in 26 
instances. Femorofemoral bypass grafts were done in 36 cases 
where there was either predominately unilateral iliac occlusive 
disease or unilateral thrombosis of a prior aortofemoral graft with 
a satisfactory contralateral limb. In addition to the extra- 
anatomic bypass procedures, a number of complimentary tech- 
niques were used, including the following: common femoral endar- 
terectomy in 25 cases (32%), profundaplasty in 23 cases (30%), and 
femoropopliteal bypass in 13 cases (17%). 


Methods of Data Analysis 


Long-term follow-up was obtained by review of the patient 
records and by survey of the patient or his referring physician. 
Follow-up analysis was considered completed at the time of the 
patient's death, at the time of graft thrombosis, five years 
postoperatively, or at the end of the study. Complete follow-up 
= information was available in 85% of the cases. The mean duration 
E (and range) of follow-up was 43 months (three to 157 months) for 
brachiocephalic bypass; 13 months (three to 48 months) for axillo- 
femoral bypass, and 22 months (three to 76 months) for femoro- 
= femoral bypass. A detailed questionnaire was completed on each 
& patient and the data collected was subjected to computer analysis 
3 of the multiple variables for each patient. Life-table analysis was 
performed for patient survival and cumulative graft patency 
according to standard statistical methods.'^ If graft thrombosis 
was managed successfully by thrombectomy, the graft was scored 
continually patent as has been customary in most reports of 
extra-anatomic bypass procedures. When remedial surgery, 
however, required replacement of the initial conduit, the original 
graft was scored nonpatent and a new graft was placed at risk. 
Each of 134 variables was tested by x? analysis to identify factors 
that might influence graft patency. 


RESULTS 


Low operative mortality and morbidity were achieved in 
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Fig 2.—Extra-anatomic bypass for aortoiliac occlusive disease. 
Left, Axillo-bifemoral bypass (33 patients; 40 procedures) after 
excision of infected aortic prosthesis. Right, Femorofemoral 
bypass (36 patients; 36 procedures) in unilateral iliac occlusive 
disease. 





Table 2.—Mortality and Morbidity 30 Days After Operation 


Major 
Complications 
Death 
Thrombosis 
Graft infection 
Stroke 


Brachio- 
cephalic 
a 


No. (%) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
2 (5.4) 


Axillo- 
Femoral 
—— 


No. (96) 
4 (10) 

10 (25) 
6 (15) 
2 (5) 


F2moro- 


femoral 
—— 


Mo. (96) 
2 (5.6) 
2 (5.6) 


1 (2.8) 





Cardiac / 
pulmonary TA - 2 (5) 





Table 3.—Postoperative Relief of Symptoms 


Axillo- 
Femoral 
(N z 40) 


Brachio- 
cephalic 
(N = 37) 


Femoro- 
femoral 
(^ = 36) 


Postoperative 
Results 


Asymptomatic 15 


Improved 
Unchanged 
Worsened 


this high-risk group of patients (Table 2). The 30-day 
operative mortality occurred in one patient (2.7%) in the 
brachiocephalic bypass group, four patients (10%) in the 
axillo-femoral bypass group, and two patients (5.6%) in the 
femoro-femoral bypass group. Major postoperative compli- 
cations after brachiocephalic bypass were infrequent. 
Graft infection occurred in 15% of the cases and stroke in 
5% of the cases, with 5% of the patients experiencing a 
myocardial infarction in the 30-day postoperative period. 
The majority of infections occurred in patients who were 
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beinz operated on for a previously infected vascular pros- 
thes.s. 

G-aft thrombosis was a frequent complication of the 
axillp-femora! bypass and occurred in 10 of 40 grafts for an 
incidence of 25% in the first 30 days after surgery. There 
were a total ef 18instances of graft thrombosis during the 
first year of »ostoperative follow-up and four instances of 
late thrombosis from one to four years postbypass. Graft 
thrambosis was managed by thrombectomy in 18 cases, of 
whieh 12 (67%) were successful. In addition to thrombecto- 
my, other procedures were occasionally necessary to 
improve distal runoff or correct other abnormalities in six 
cases. This included three patients needing profunda- 
plasty, two requiring femoropopliteal bypass, and one 
requiring femoral endarterectomy. Replacement of the 
origina! bypass graft with new axillo-femoral bypass graft 
was necessary in four cases. The overall success rate of 
reoperation “or thrombosis in axillo-femoral bypass grafts 
was 89% in this series. 

The major ty of patients reported symptomatic improve- 
ment after the following: brachiocephalic bypass (70%); 
axillo-femoral bypass (75%); and femorofemoral bypass 
(83%) (Table 3). Objective assessment by Doppler segmen- 
tal pressures of the lower extremities demonstrated a 
significant improvement in ankle-arm pressure index in 
those patients with patent grafts after axillo-femoral and 
femorofemoral bypass (P < .01) (Fig 3 and 4). Postopera- 
tively, there was no significant reduction in the pressure 
irdex of the donor limb after femorofemoral bypass. 


| Table 4.—Postoperative Limb Viability 


Amputation 
Limbs sitit rire 


at Above Below 
Knee Knee 


Axillo-Femoral Bypass 













% Limb 
Salvage 









indications 






Claudica- 
tion only 6 0 0 100 
4 74 


Threatenec 
limb loss 43 7 


Femorofemoral Bypass 






Claudica- 
tion only 13 


0 0 100 
‘Threatened e 
limb loss 23 3 3 74 
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Fig 3.—Doppler ankle-arm pressure index 
with axillo-femoral bypass. Note reduced 
‘‘pregangrenous” pressure index preoper- 
atively and noticeable improvement after 


Fig 4.—Doppler ankle-arm pressure index 
with femorofemoral bypass. Note low 
"pregangrenous" pressure index in is- 
O chemic limb preoperatively and striking O 
improvement after bypass. No significant 
change was seen in donor limb. 
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The late results of extra-anatomic bypass for limb 
salvage are listed in Table 4. When axillo-femoral or 
femorofemoral bypass was performed for severe claudica- 
tion, no amputation was required in any of the 19 limbs at 
risk. When these procedures were performed for threat- 
ened limb loss, in 66 limbs, a 74% limb-salvage rate was 
achieved in each group. 

Life-table analysis of patient survival and graft patency 
is shown in Fig 5 and 6. Prolonged graft patency was 
achieved after brachiocephalic bypass with a cumulative 
graft patency rate of 71% at five years and with long-term 
follow-up of ten years. An unexpectedly high patient 
survival rate was observed in this group (87% five-year 
survival) when compared with the continued attrition of 
patients undergoing carotid endarterectomy for transient 
ischemic attacks (66% survival rate at five years). Cumu- 
lative graft patency rates after axillo-femoral bypass (77% 
at four years) and femorofemoral bypass (56% at five 
years) are comparable to published results of aortofemoral 
bypass with distal trifurcation disease (64% at five years). 
Despite documented graft patency after axillo-femoral 
bypass, a high mortality was observed in this group during 
the follow-up period owing to the severity of the patients' 
underlying diseases (Fig 7). Indeed, 52% of the patients 
had died within two years of surgery. The causes of late 
death after extra-anatomic bypass procedures are listed in 
Table 5. Because patients were selected for extra-anatomie 
bypass on the basis of their anticipated poor risks to 
withstand surgery and for long-term survival, the high 


Table 5.—Cause of Late Deaths 


Axillo- 
Femoral 
(N = 27) 


Femoro- 
femoral 
(N = 33) 


Brachio- 
cephalic 
(N = 28) 


Etiology 


Pneumonia 


Uncontrolled 
sepsis 


Total 
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Fig 6.—Cumulative graft patency after 
extra-anatomic bypass for aortoiliac oc- 
clusive disease. Note prolonged graft 
patency comparable to that for aortofemo- 
ral bypass with distal trifurcation disease 
(aortofemoral bypass with distal disease 
graph from Malone et al). 
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PATIENT SURVIVAL 
Bypass 


GRAFT PATENCY 


Bypass 


PATIENT SURVIVAL 
ectomy (T14) 


1 2 


Years Postop 


after Zrachiocephalic 


after Brachiocephalic 


after Carotid Endarter- 





3 


GRAFT 
PATENCY 
"Rescue Ol a eno PATIENT 
SURVIVAL 
30 36 


Fig 5.—Patient survival and cumulative 
graft patency rate after brachiocephalic 
bypass. Note prolonged patient survival 
compared with survival afte™ carotid 
endarterectomy for transient ischemic 
attacks (T/A) (carotid endarterectomy 
graph from DeWeese et al”). 


Axillo- Femoral 3ypass 


Aorto-Femoral Bypass 
with Distal Disease 


Femoro-Femora Bypass 


4 5 


Fig 7.—Patient survival and cumulative 
graft patency rate after axillo-femoral 
bypass. Despite continued graft patency, 
note a progressive mortality during the 
follow-up period owing to associated 
diseases. 
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mor-ality would seem to confirm the accuracy of this 
categorization. This high mortality was not observed in 
those patients setected for femorofemoral bypass, where 
pazient survival rate was 85% at five years. 


COMMENT 
Erachiocephalic Bypass 


Hemodynami-aly important occlusive lesions of the 
aorti arch vessels, although infrequent, may cause severe 
symptems of cerebral or upper extremity ischemia." The 
reported mortality of 10% to 20% after anatomic repair has 
led to the almost universal acceptance of extra-anatomic 
bypass for thesedesions.' The operative mortality of 2.7% in 
this series woulc tend to corroborate the prevailing view of 
operative safety, and the five-year patency rate of 71% is 
indicative of the general durability of these grafts despite 
the kasie inability to alter the progression of the athero- 
scleretic occlusive process. Of the patients, 70% were 
relieved of their symptoms, with a five-year survival rate 
of ST. This compares favorably with the 66% five-year 
survival rate for patients undergoing carotid endarterecto- 
my fer transient ischemic attacks." 


&xillo-Femoral Bypass 


Although initiaPy reserved exclusively for limb salvage 
in our most severely ill patients (61% of the group), we have 
more recently wed this technique in patients with dis- 
ablinz claudication who were by clinical criteria poor 
candidates for comventional vascular reconstruction (25% 
of the group). The semaining 14% of these procedures were 
used "or problems related to sepsis in a previously placed 
anatomic graft, iwe of which included aortoenteric fistu- 
las. Although the mortality of aortoduodenal fistula is 60% 
to £7% and of aortic graft infection is 37% to 54% as 
reported in the literature, a mortality of 29% (two of seven 
infected patients) occurred in this group. This repre- 
sents a modest but definite improvement in the manage- 
ment of this vexing complication. Of all patients undergo- 
ing azillo-femoral 5ypass, the 30-day mortality was 10%, 
with < 6% mortality in those patients without preoperative 
sepsis Managemert of these patients had been further 
compl-cated by priar stroke, malignancy, renal failure, and 


irradiation therapyantedating the need for vascular recon- . 


struet on. 

Ccm plieations af er axillo-femoral bypass are compara- 
ble zæ the 20% neidence reported after aortic bypass 
proeeGures, exceot for the unique and unfortunately 
commen occurrence of early graft thrombosis.” This prob- 
lem has been repcrted to occur in from 12% to 28% of cases, 
and oceurred in 25% of our cases." Reoperation was success- 
ful in restoring grafts to long-term patency 89% of the 
time. with only in requent instances of thrombosis after 12 


months of patency. This characteristic of the axillo-femoral . 


graft has been neted by others although the precise 
explanation remaias uncertain? Six graft infections 
occurred, four of these in patients with existing graft 
sepsis. Three infections were superficial or localized and 
were successfully managed without further morbidity. 
Three infections, aawever, resulted in limb loss or death. 
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Cumulative graft patency rate was 77% in four years. In 
similar patients, with distal occlusive disease, Malone et 
al^ reported a five-year patency rate of 64% and Duncan et 
al reported a 68% five-year patency rate for aortofemoral 
grafts. In good-risk patients, operated on for claudication, 
five-year patency rates of 89% to 95% have been reported 
for aortoiliae endarterectomy, and 84% to 95% five-year 
patency rates for aortofemoral grafts. Lo Gerfo et al^ 
reported five-year patency rate improving from 37% to 74% 
when axillo-bifemoral grafts were done instead of axillo- 
unilateral femoral grafts. Improved patency rate has also 
been reported for knitted rather than woven grafts.'”* In 
our series, there was no difference noted with respect to 
graft patency and graft material or unilateral vs bifemoral 
bypass. 


Femorofemoral Bypass 


In eontradistinetion to axillo-femoral bypass grafts, 
femorofemoral bypass grafts, in this series, yielded a low 
incidence of early thrombosis, occurring in only two cases 
(5.6%). The one-year patency rate was 84% and is compara- 
ble to that reported in the literature. The five-year 
patency rate decreased to 56%, and compares with 71% 
reported by Brief et al" and 45% by Eugene et al. 
Postoperative Doppler ankle pressure indexes were higher 
in all recipient limbs and were unchanged in donor limbs. 
There was no instance of a steal phenomenon in the 36 
eases." 

The use of axillo-femoral and femorofemoral grafts 
resulted in a 74% rate of limb salvage when operations 
were done in the presence of impending gangrene or frank 
gangrene. In four cases, a more limited amputation was 
required than that anticipated prior to bypass. 


CONCLUSIONS 


Extra-anatomie grafts provide a useful therapeutic 
alternative where low operative mortality is an overriding . 
consideration. Long-term graft patency is comparable with 
anatomic bypass grafts in patients with comparable extent 
of occlusive disease. Reports of low graft patency (50% to 
60% at two years, and 30% at five years) are related 
primarily to the problem of early graft thrombosis, without 
recognizing that many of these grafts remained patent 
after initial thrombectomy was performed. The foregoing 
method of data analysis, although strictly correct, underes- 
timates the prolonged patency of these grafts, their 
success in the relief of symptoms, and the salvage of limbs 
in patients whose risk for anatomic bypass is prohibitive. 
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Discussion 


LEONEL VILLAVICENCIO, MD, Gelati, Mexico: In support of the 
authors' statements that extra-anatomical revascularizations are 
safe and effective in the high-risk population of patients, I 
thought that it would be pertinent to bring to your attention 4!ó- 
and 2-year follow-ups of two patients whom we have operated on 
with a variant of a nonanatomical bypass that goes from the 
ascending aorta to both common femoral arteries. 

This is a good way of dealing with high-risk patients who have a 
complete obstruction of the abdominal aorta at the level of the 
renal arteries and who have had previous abdominal surgery. All 
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thoracie and cardiac surgeons know that a midsternun splitting 
incision is a relatively benign incision and does no ha-m to the 
patient. It is a nice approach to the ascending aorta that is usually 
relatively free of arteriosclerosis at this level. From there, you get 
your grafts down to both inguinal regions. This can be done either 
subfascially, as Dr Ronald J. Baird has done, or transpecitoneally, 
as we have done in our cases. 

We have now two patients. The one described aere is a 
72-year-old diabetic woman with complete obstruction of the 
abdominal aorta at the level of the renal arteries. She would have 
been a high risk when trying to place our clamps above the renal 
arteries. This patient is now in her 4% postoperative year, has 
good pulse rates in both legs, and is now having high hopes of 
becoming the first woman mayor of one of our border cities. 

Here you can see the heart and the graft coming from the 
ascending aorta along the right side of the heart ani into the 
abdomen. This is a 4!-year postoperative angiogram showing the 
long graft from the ascending aorta down to both femoral 
arteries. 

JOHN A. MANNICK, MD, Boston: I enjoyed this article and I want 
to congratulate the UCLA group on a clear, informative presenta- 
tion of excellent results. I had an opportunity to review the 
manuscript, and I am particularly impressed with the results they 
have achieved with patients who had aortic graft sepsis, a difficult 
group of patients in whom to manage conditions. I weuld like to 
make a couple of personal comments about extra-anatomic bypass 
as applied to the therapy of aortoiliac disease and then ask Dr 
Livesay a question. 

First, it seems to me that no matter how excellent an operator 
you are and how good your intensive care unit is, ther» are a few 
patients who are so sick and so old that it makes sense to offer 
them extra-anatomic bypass rather than aortofemcral bypass 
when they are in danger of limb loss from aortoilizc occlusive 
disease. However, the number of patients that one sees who apply 
to that eategory is really small, and if one examines the UCLA 
experience, they turned up about an average of two cr three per 
year and the same is true of our own group. Second, during the 
past decade, the refinements in the technique of aertofemoral 
bypass, particularly attention to the origin of the profunda 
femoris, and'our increasing ability to care for these patients well 
postoperatively has made this a safe operation for most patients 
with symptomatic aortoiliae disease. It also has a high rate of 
long-term success. In our own series, patients with aortofemoral 
bypass have better long-term results than those with f2morofemo- 
ral or axillo-femoral bypass. That was not true five yaars ago. 

I am somewhat afraid that the publication of good results with 
extra-anatomic bypasses may lead to overuse of these techniques. 
I must say that while 75% long-term patency with axillo-femoral 
grafts is not bad, it is accomplished at the cost of a 25% early graft 
thrombosis rate, requiring thrombectomy. Although thrombecto- 
my may not be a major tragedy—it can be done under local, it does 
not take long, the patient goes home quickly—it is certainly 
nothing the patient or the surgeon would prefer to do for 
entertainment. 

The question I would like to ask Dr Livesay is why his group 
chose unilateral axillo-femoral grafts for some of their patients 
who had removal of infected aortic prostheses. I would have 
supposed a more logical operation would be an axillo-bilateral 
femoral graft that is easier technically, supplies bood to both 
limbs, and has a higher flow rate in the axillary limk than either 
single or double axillo-unilateral femoral grafts. 

DENTON A. CooLEYv, MD, Houston: In cases where a thoracotomy 
or laparotomy is necessary for correction of a lesion, extra- 
anatomic bypass offers the cardiovascular surgeon a wide range of 
options using intracavitary as well as peripheral or extracavitary 
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types. of bypass. 

The first lesion that comes to mind is that of coarctation of the 
aorta of a car pliceted nature, and this type of case is an example 
of what can te accomplished with properly selected and applied 
vasewarsubstituts. In a patient who had a combination of lesions, 
inclacing a ealcifie] coarctation of the aorta and an aneurysm of 
the ascending aor-a and calcific aortic stenosis, one-stage repair 
was accomp ished through a single operative procedure. During 
cardicpulmonary bypass, the hypertrophied and obstructive septal 
hypertrophy was excised. The calcified stenotic aortic valve was 
replaced with a Capnley-Cutter valve. The aneurysm of the ascend- 
ing aorta was excised and replaced with a low-porosity, woven 
graft. Finally the calcified coarctation of the aorta was bypassed 
with a woven gra:t from the ascending aorta to the supraceliac 
abdominal aorta. This patient has now lived five years postopera- 
tive. 

As a follow-up on cases of apical left ventricle-to-abdominal 
aorta bypass for left ventricular outflow tract obstruction 
(LVOTO), 5 case shows an unusual type of left ventricular 
outflow obstruction associated with coarctation of the aorta. The 
patient was ooera.ed on in another institution where apicoaortic 
bypass was lene t» relieve left ventricular hypertension. He had 
symp-oms o° zerebral ischemia because of steal from the ascend- 
ing acrta amd brachiocephalic vessels. In our hospital, a graft was 
made from “he abdominal segment of the conduit back up to the 
ascending aorta tc relieve the cerebral ischemia. 

We have ncw operated on 26 patients with apicoaortic conduit 
grafts. The hemocynamic results have been gratifying. The left 
ventricular pressure averaged 214 mm Hg preoperatively and 
averaged 125 mm Hg postoperatively. The left ventricular aortic 
gradient preoperatively averaged 101 mm Hg and postoperatively, 
18 mm Hg. Mest of these patients have undergone previous 
opera-ive proeedures to relieve LVOTO. 

We-have ep2rated on.a total of 26 patients, with a wide range of 
indicetions, most of whose conditions were concerned with congen- 
ital aartic stenosis. But some patients who had undergone previous 
valvu.ar repacement were operated on primarily to relieve hemo- 
lysis caused by tur»ulence produced by a small valvular prosthesis. 
Apicoabdonsinal bypass promptly relieved the hemolysis. This 
exper-ence reempkasizes the fact that large-caliber grafts have a 
good record for long-term patency regardless of their length or 
anatomic course. : 

Lance I. Easy, MID, Seattle: We recently reviewed the nine-year 
experence of Dr Lester R. Sauvage and his group with 87 
axillo-femoral bypass grafts performed at Providence Medical 
Center in Seattle »etween 1970 and 1979. During this period, our 
results compare quite closely with those of the authors, with our 
two-year life-table patency rate of 77% and the nine-year life- 
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table patency rate of 71%. 

I think it is also of interest to note that although Dr Sauvage 
and Dr Wood in 1966 initially reported the axillo-bilateral femoral 
bypass graft as a "Y" graft with the crossover limb arising above 
the inguinal ligament, as the authors have shown, and I think 
many of us now believe, a more optimal configuration is the one 
described here where the crossover limb originates as a femoro- 
femoral erossover graft from the distal hood of the main axillo- 
femoral limb. This allows the longer axillo-femoral limb to have 
the full benefit of the increased flow added by the crossover limb 
rather than subjecting the distal portion of the main limb below 
the take-off of the crossover limb to a reduced flow. This point is 
illustrated by two patients in our series who experienced occlusion 
of this distal segment of the main limb. 

I would like to close with one question to the authors, and that is 
whether or not they attempted to correlate the preoperative 
angiographie findings in their patients with the long-term paten- 
cy. In the 22 patients in our series in whom iliae inflow was totally 
oecluded and both femoral outflow vessels were patent, we had 
only one closure, for a 94%, nine-year patency figure. 

DR MACHLEDER: In response to Drs Villavicencio and Cooley, I 
think they have certainly proved that the variety of extra- 
anatomic bypass procedures demonstrates the ingenuity of the 
vascular surgeon who has yet to be thwarted by the law of gravity. 
Regarding Dr Mannick's remarks, in aortic graft infection, we 
have elected to use the unilateral axillo-femoral bypass in an 
attempt to avoid the area of femoral infection that generally 
necessitates removal of an aorto-femoral graft. Generally, we will 
observe the patient in the postoperative period to decide whether 
limb viability is to be expected without revascularization. This is 
usually not the case when the original graft had been placed for 
aneurysmal disease, but, generally, it is possible when the graft 
had previously been placed for aortoiliac occlusive disease. 

We analyzed our data carefully to see whether or not there was a 
difference in long-term. patency or early thrombosis of axillo- 
femoral grafts related to the unilateral or bifemoral placement. 
We found no difference between these two types of grafts, in 
contradistinetion to that which has been reported in the past. I 
would also mention that the variety of graft materials used did not 
affect long-term patency. 

I would agree with Dr Ray that the results can be satisfactory 
with these grafts. Long-term patency could not be correlated to 
outflow in our group because of our early reticence in using these 
grafts in patients who only had claudication. The vast majority of 
them had severe distal occlusive disease. In fact, when the grafts 
were repaired, they often required an additional vascular proce- 
dure such as profundoplasty or femoropopliteal grafting to main- 
tain long-term patency. 
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Reoperation for 


Recurrent Coronary Artery Disease 


Causes, Indications, and Results in 168 Patients 


George J. Reul, Jr, MD; Denton A. Cooley, MD; David A. Ott, MD; Aldemir Coelho, MD; Liberato Chapa, MD; Ivo Eterovic, MD 


e O° the 13,049 patients who underwent coronary artery 
bypass surgery, 168 underwent a second or third operation 
because of the failure of the first. The early mortality was eight of 
168. Good to excellent results were obtained in 141 patients. The 
cumulative survival rate was 8296 at six years. Graft failure and 
the progression of atherosclerosis to a critical lesion were the 
most common reasons for reoperation, and perioperative 
myocerdial in‘arction and incomplete initial operation were the 
least common. Long-term follow-up showed a peak of graft 
failure and progression of disease in nongrafted arteries at three 
years and decreased thereafter. Progression of distal disease in 
grafted arteries was not temporally related and was uncommon. 
Thrombosis o: the vein graft could be related most frequently to 
the distal circulation rather than the vein graft itself. 

(Arch Surg 114:1269-1275, 1979) 


pite the goed early and late results of coronary 
artery bypass procedures, a small population of 
surviving pacients fails to be relieved by the operation or 
has a recurrence during the follow-up period. The difficulty 
in treating these patients may be simplified by a complete 
evaluation tc implieate the etiological factors that resulted 
in the failure ef the first operation. After this evaluation, 
many of these patients may be considered for a second or 
even a third attempt at myocardial revascularization. 
The selection of patients for repeated operation may be 
diffiewlt. In comparison with the voluminous literature on 
initial coronary artery bypass procedures, there are only a 
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few reports on repeated operations."'" Most of these 
reports have stressed technique and early results. It is the 
purpose of this report to analyze a consecutive series of 
patients who underwent repeated coronary artery bypass 
procedures because of a failed initial operation. It is hoped 
that several important questions will be answered. First, 
by presenting the early and long-term results, the compli- 
cations particular to reoperation, and the clinical character- 
istics of the patient population, the indications and risks 
for reoperation may be established. Second, reoperation 
presents a unique opportunity to study the ultimate fate of 
the vein graft from an anatomic and temporal viewpoint. 
Therefore, more knowledge of the vein graft should be 
obtained. Third, reasons for the failure of the first opera- 
tion will aid in planning and judgment to improve the 
initial operation. Last, rates and incidence of atherosclerot- 
ie progression in grafted and nongrafted arteries may be 
demonstrated. 


SUBJECTS 


At the Texas Heart Institute (Houston) from 1968 to 1978, 
13,049 patients underwent coronary artery bypass procedures for 
coronary artery disease. In addition, another 2,438 patients under- 
went coronary artery bypass along with other cardiac procedures 
for treatment of either acquired or congenital heart disease. 
During that time period, of the 13,049 patients who underwent 
coronary artery bypass alone, a second or third coronary bypass 
procedure was necessary in an additional 168 patients because of 
the failure of the first or second procedure. These 168 patients who 
underwent reoperation between 1968 and 1978 are the basis for 
this report. For study purposes, the other patients who had their 
first or second operation at other centers are excluded, along with 
patients who had combined cardiac procedures and repeated 
revascularization. The reoperation rate for the ten-year period 
was 0.009 of the 13,049 patients. 
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Fig 1.—Age distribution of patients undergoing reoperation. Mean 
age is 51.4 years. 


Table 1.—Graft Patency* in Patients Who Underwent 
Reoperation 


No. of Patent Grafts / 


No. of Grafts No. (96) of Patients 


0/1 22(13) 
1/1 17(10) 


0/2 22(13) 
1/2 34(20) 
2/2 23(14)T 





*The overall patency rate was 5596. 
Indicates that a total of 51 patients (30%) had all grafts patent. 


There were 149 men (89%) and 19 women (11%) ranging in age 
from 30 to 73 years. The mean age was 51.4 years (Fig 1). Angina 
alone, which was either recurrent or never relieved by the original 
operation, was present in 93 patients (55%). Angina with previous 
myocardial infarction was present in 39 patients (23%), and 36 
(22%) had angina with congestive heart failure. The onset of 
symptoms after the first operation occurred in most patients (78%) 
after six months (in 61 [89%] from six to 12 months and in 70 [42%] 
after 12 months), although 22% had symptoms within the first six 
months after the operation. The usual distribution of patients by 
the New York Heart Association functional classification was 
present at the time of the first operation: that is, 20 patients (12%) 
were functional class 2; 140 (83%), functional class 3; and eight 
patients (5%), functional class 4. At the time of reoperation, only 
ten (6%) were functional class 2, while 17 (10%) were functional 
class 4, and most patients (141, or 84%) were in functional 
class 3. 

At the time of the second operation, the risk factors were 
approximately the same as at the time of the first operation. 
When compared with the entire series, there was no preponder- 
ance of diabetes mellitus (19 patients, 11%), hypertension (19 
patients, 11%), hyperlipedemia (25 patients, 15%), or family history 
of heart disease (29 patients, 17%) in the group requiring reoper- 
ation. It is important to note, however, that 80% of the patients 
failed to change their smoking habits after the first operation: 
that is, 80% of the patients continued to smoke despite warnings 
after the first operation. 


1270 X Arch Surg—Vol 114, Nov 1979 





MONTHS 


ZW’ }; } ) )] 


Q> 
SSSS 
"BN 


IO 20 30 
NUMBER OF PATIENTS 


Fig 2.—Interval between first and second operation. Sixteen 
percent o patients underwent second operation within one year 
of previous operation. Note that most patients underwent second 
operation from two to four years after the first. 






Table 2.—Quality of Bypassed Artery at First Operation 


Quality Failed Grafts, No. (96) Patent Grafts, No. (9o) 
Good 96 (60) 135 (76) 
Fair 51 (32) 39 (22 


Poor 14 (8) 7 (2: 









Although 50% of the patients had the appearance of symptoms 
or the operation failed to relieve their symptoms within one year 
after the irst operation, only 16% of the patients were cperated on 
during the first year after aortocoronary bypass. The operation 
was undertaken in five patients from 0 to one month after the 
first operztion. All of these patients were reoperated on because of 
technical »roblems, which included early graft occlusion or bypass 
to the wrong artery. From two to six months, an acditional 17 
patients were operated on, and from six months tc one year, 
another fve patients were operated on. One year after the first 
operation. 20 more patients were operated on, and tie greatest 
increase m the number of patients operated on occurred at the 
two- to three-year interval when 31 patients were operzted on. The 
number o£ patients gradually decreased along with the number of 
patients zt risk for reoperation (Fig 2). 

Abnorraal ventricular function was present in 51 patients at the 
time of tre second operation. In the interval between the first and 
second operation, ventricular function remained normal in 77 
patients (46%). Normal ventricular function deteriorated to 
segmental or global dysfunction in 20 patients (12%) at the time of 
the second cardiac catheterization. Only three patients changed 
from normal ventricular function to generalized hypokinesis after 
the first eperation. These patients were operated on early in the 
series, and myocardial protection probably was not ade quate. In 34 
patients (20%), ventricular function remained impaired. In 18 
patients (11%), the state of ventricular function wes unknown 
preoperatively, and at the time of the second cardiac zatheteriza- 
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Fig 3.—Amount of progression to critical 
lesions in nongrafted arteries. Most pa- 
tients had progression from no detectable 
lesion to significant obstruction. Only indi- 
cation for second operation was progres- 
sion of lesion from 3096 to 7596 or 9996 in 
12 patients (796). 


ARTERIES WITH NEW CRITICAL LESIONS 


tion there was impaired function. It is of interest to note that left 
ventricular aneurysm developed in 11 patients (7%) after the first 
operation. Most of these patients had total occlusion of the left 
anterior descending artery either through progression of distal 
disease, threugh graft thrombosis, or through the progression of 
new disease in the native artery. Mitral insufficiency developed in 
two patients (1%). In two patients (1%), ventrieular funetion was 
impaired at the time of the first operation but was normal after 
the seeond. The state of ventricular function in four patients was 
unknown at both operations. In the group of patients operated on 
after 1976, when myocardial preservation was enhanced by cardio- 
plegia and other preservative methods, ventricular function did 
not decrease unless it was related to graft thrombosis or the 


progression ef the disease: that is, myocardiopathy did not occur as 


a result of the operation itself. 
CAUSAL FACTORS IN REOPERATION 


On examination of the primary and secondary reasons for 
reoperation in each patient, several important factors emerge. As 
expected, graft failure played the primary role in reoperation in 
that 59% of the patients had graft failure with or without other 
factors causing a poor result. Progression to a critical obstruction 
occurred as the primary reason for reoperation in 30% of the 
patients and occurred along with other causes in another 30%. Only 
18% of the patients had "incomplete" initial operations. 


Graft Failure 


The term "graft failure" was used to denote not only total 
occlusicn of a bypass graft but also all anatomic conditions 
resulting in critical lesions of the graft. Thus, localized high-grade 
stenosis, multiple areas of stenosis, aneurysm, ulceration, fibroin- 
timal hyperplasia, or generalized narrowing are included as causes 
- of graft failure. These conditions accounted for about one third of 
the graft failures as a primary reason for reoperation. The 
remainder of the graft failures were due to total occlusion and 
thrombosis. | 


Graft failure alone occurred in 24% (41) of the patients. Graft 
failure along with progression to a critical lesion in a different - 


artery occurred in 21% (35) of the patients. Graft failure with 


progression of disease distally in a grafted artery occurred in only 
6% (ten) of the patients, and graft failure with an incomplete 
initial operation occurred in only 8% (13) of the patients. 

It is of interest to note that although graft failure played an 
important role in reoperation, 51 patients (31%) had all grafts 
patent at the time of the reoperation (Table 1). The overall patency 
rate in this series of patients who had reoperations was 55% up to 
nine years after the first operation. Because all of these patients 
were reoperated on due to the failure of the first operation, this 
theroretically should be a low patency rate. In fact, it is 30% to 38% 
lower than in patients not requiring reoperation. 

No grafts were patent in 28% of the patients; this includes four 
patients in whom none of three grafts done at the original 
operation were patent. Two of the four were operated on within 
four months of the first operation. The remaining two were 
long-term graft failures. 

Grafts failed more commonly when they were associated with 
poor arteries, which were recorded at the original operation. All 
arteries were graded at the time of surgery as good, fair, or poor 
depending on the amount of diffuse disease, plaque, and size. Fair 
to poor quality of the bypass vessels was recorded in 40% of the 
failed grafts, while fair to poor quality was recorded only in 24% of 


the patent grafts at the time of the first operation (Table 2). 


Progression of Atherosclerosis 


Progression of atherosclerosis to a critically occlusive lesion was 
a primary reason for reoperation in 30% of the patients and was a 
secondary reason in an additional 27%. Progression from no 
obstruction or 50% or less obstruction to a critical stenosis occurred 
in nongrafted arteries in 33 patients (20%). To indicate the 
severity and rapidity of this progression, no identifiable lesion 
was seen on the initial coronary arteriogram in 69% of these 
patients. At the time of the second catheterization, there was 75% 
to 99% obstruction. In another 9%, there was progression from no 
lesion to total occlusion. The progression was in a grafted artery in 


seven patients (5%) and in both new and grafted arteries in six 
. (3%). Progression to a critical lesion in addition to an incomplete 
initial operation was the primary reason for reoperation in four 


patients (2%). Thus, in over three quarters of the patients who had 
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TIME FROM FIRST OPERATION 


f . . Fig 4.—Time from first operation to diagnosis of complication with 
. respect to number of grafts. Note peak increase in graft failure at 


three years. There was a similar increase in progression of critical 


lesions of new arteries at three to five years, with gradual tapering | 
thereafter. Progression of distal disease in grafted arteries - 


occurred at a stable rate. 


significant obstruction that required reoperation, there was no 
visible lesion at the time of the first cardiac catheterization, 
showing that true progression occurred. 

The remainder of the new obstructions progressed from 50% 
stenosis to 75% or more stenosis in 8% of the patients and to a 
totally occluded lesion in 2%. Noneritical plaques were seen to 
progress to critical lesions in 17% of the patients. It is also 
important to note that the only indication for the second operation 
in 12 patients (7%) was the progression of a minimal lesion: that is, 
less than 50% stenosis to 75% or more stenosis (Fig 3). 

Progression to a critical lesion distal to the grafted artery 
(downstream) occurred in only 14% of the patients. In only 5% of 
the patients was this the primary reason for reoperation. This is 
encouraging and resolves some of the fear that atherosclerosis 
would progress more rapidly in a grafted artery. 


Time Intervals 


Many factors caused graft failure. Early graft failure has been 
related to technical problems with anastomoses and poor artery 
selection. There were 17 graft failures in the first six months. 
Observation of the time interval from the first operation to graft 
failure shows that after a peak at three years after the first 
operation graft failure tended to drop off to a lower level (Fig 4). 
The same was true for the progression of disease in new arteries, 
and the two no doubt are related. It is important to note that 
progression of the distal disease in grafted arteries did not peak at 
the three-year period and, in fact, had a relatively stable course 
throughout the years of follow-up. The graft failure rate does not 
include enough grafts beyond seven years, so it is difficult to 
predict a trend. At least the failure rate is stable, if not decreasing, 
throughout the years. This is true when grafts at risk of failure are 
taken into consideration. | 


Incomplete “Initial” Operation 
Only 8% (13) of the entire 168 patients had what was considered 


to be an incomplete initial operation as the primary reason for 


reoperation. In these patients, one or more critically obstructed 





















o 
E 

= 30 7774 = Early deaths 
i 

< 

a 40 

u. 

O 

a 

w 30 

e 

z 

5 

= 20 












TO Ti- TÀOTTS OM TÉ Te TT T8 
YEAR OF OPERATION 


Fig 5.—Number of patients undergoing reoperation each year 
with respect to early deaths. 


arteries were not grafted at the original operation, thus initiating 
a poor result and causing reoperation. The arteries mest frequent- 
ly neglected were the cireumflex and diagonal arteries, which were 
not frequently bypassed in our initial experience. 

An acditional 2% of the patients had an incomplete initial 
operation along with progression to a critical lesion in another 
artery, and 8% had what was considered to be an incomplete initial 
operation in conjunction with graft failure. With adoption of the 
philosophy of bypassing all critically obstructed major and minor 
vessels, this primary reason for reoperation should decrease in 
importance. 


Miscellaneous Factors 


Other combinations of the above reasons resulted in the primary 
reason for reoperation in six other patients (8%). In the last two 
patients, reoperation was done because at the original operation 
the vein bypass graft was done inadvertently to a coronary vein 
instead of an artery. In the first patient, a vein graft was done to 
the lef. anterior descending vein, which was mistaken for the left 
anterier descending coronary artery. Symptoms persisted, and at 
one year and seven months after the original operation, a reoper- 
ation was done. The vein graft to the left anterior descending vein 
was patent, and there was progression of the disease from a 20% 
obstruction to a 70% obstruction in the right coronary artery, 
which was also bypassed. The obtuse marginal graft was patent. 
In the second patient, recurrence of symptoms resulted in a 
repeated coronary arteriogram at three years and five months 
after the first operation. This study showed that the right 
coronary bypass was placed to a posterior descending cardiae vein 
instead of to the right posterior descending coronary artery. At 
the second procedure, the right coronary artery was bypassed 
along with the left anterior descending artery, which had 
progressed to a significant lesion. The previously placed diagonal 
graft was occluded and was considered too diffusely diseased to 
bypass again. Both patients had evidence of a coronary arteriove- 
nous fistula at recatheterization, and in both cases the vein graft 
was hypertrophied and the coronary vein was hypertrophied; 


ye 
Ws 


« 
a é 
IS . I 
E - 


_ Arch Surg—Vel 114, Nov 1979 2 


De: 
ils 


j^ 2 

however, the vein graft had very little evidence of the effects of 
arter-al flew when compared with vein grafts placed in the arterial 
systems. 


COMPLICATIONS 


Serous, fatal and nonfatal complications occurred in seven 
patients (4.6%) at the time of the first operation and in 12 (7.9%) at 
the tme of reoperation. Perioperative myocardial infarction 


occurred in 2% of the patients in each group. In most cases, 


pyrophosphate radionuclide scans, myocardial enzymes, and ECGs 
wer2 »xamined co determine perioperative myocardial infarction. 
Hemarhage that required reoperation occurred in 2 (1.3%) of the 
patients at the time of the first operation and in twice as many (4) 


patierts after the second operation. Cerebrovascular complica- 
tions occurred in two patients after the first operation, both of 


whom had severely calcified ascending thoracic aortas. Both 
recovered without residual defects. At the time of the second 
opera -ion, three additional patients had cerebrovascular complica- 
tions, one of which resulted in a permanent deficit. Calcification of 
the aseending acarta accounted for the embolization in two patients 


and the cardiac arrest in the patient with the neurologic deficit; 


the latter patient eventually died. 

Lov cardiac eutput requiring aortic balloon counterpulsation 
was not used at the time of the first operation. At the second 
operation, however, two patients required intraaortic balloon 
counterpulsation, one of whom died of low cardiac output and the 
other of whom recovered. Respiratory difficulties, wound prob- 
lems, and minor renal problems resulted in the same incidence in 
both groups of patients, but none of the problems was serious 
enougn for prolenged treatment. 

MORTALITY 

Of he 168 patients undergoing reoperation for the first or 
seconc time after an unsuccessful coronary artery bypass proce- 
dure, eight died in the first 30 days after surgery. This mortality 
of 4.3% is higher than our mortality for the entire series of 13,049 
patients aperated on from 1968 to 1978, in which the overall 
mortaity for eomonary artery bypass alone was 3.4%. Despite the 
decrease im current early mortality to 2.5% for aortocoronary 
bypéss, mertality for reoperation has not improved with increas- 
ing experience (Fig 5). In fact, in 1978, when 73 patients under- 
went seoperation, there were four deaths (5.1% mortality). 

All eight patients who died in the first 30 days after surgery 
died o^ myocardial problems. Only three of the patients had poor 
ventri-ular function at the time of their second operation. Four 
patien£s died of ventrieular arrhythmia that evolved into intract- 
able ventricular fibrillation. One of these patients had a 95% left 
main lesion, and two had very diffuse disease, one of whom died 
with a left anterior descending graft that was acutely occluded. 
Myoeardia! infarction in the postoperative period was the cause of 
death in another patient with diffusely involved arteries. The 
sixth patient died of congestive heart failure because of poor 


vent-ieular function. The arteries had such diffuse disease that a 


perizo-tie neureetomy was done along with the coronary artery 
bypass procedure. The last two patients died in the operating room 
of low cardiac output. The first had an acute occlusion of a left 
anterier descending graft due to a poor distal vessel. The other 
patien. had Prinzmetal's angina. The common denominator in all 
of these deaths was not poor ventricular function but diffuse 
coronary arteri osclerosis that usually could not be corrected at the 


E. Second operation 


T Cumulative survival at seven years was 82% (Fig 6). At eight 
years, the cumulative rate showed an abrupt drop; however, ks 
WV patents were available for follow-up at this data point. This 
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Fig 6.—Cumulative survival rate after reoperation. Seven years' 
survival rate was 8296. 


je 


cumulative survival rate at seven years correlates well with the 
overall survival rate for our entire series, which, despite a rather 
high early mortality earlier in our series, was 84.3%. Therefore, the 
cumulative survival rate in the patients who underwent reopera- 
tion does not differ significantly from the higher early mortality 
in a selected group of more desperately ill patients with presum- 
ably more diffuse arteriosclerosis. 


RESULTS 


Long-term results were available for 150 of the 160 
surviving patients. Follow-up was from three months 
through nine years, and at the end of nine years eight 
patients were available for follow-up. There were 16 late 
deaths, as shown in Fig 6. Of the late survivors, 38 were 
classified as having excellent results; that is, they were 
symptom-free at the time of follow-up. Good results were 
present in 88 patients (59%) with only occasional symptoms 
of angina. The remaining 24 (16%) patients were classified 
as having poor results in that congestive heart failure 
and/or angina persisted. Thus, good to excellent results 
were obtained in 84% of the patients. The number of 


. patients who were symptom-free, however, was much less 


than that obtained by the first operation in an overall 
series. 


COMMENT 


In the analysis of this small subset of patients who 
underwent a second or third operation because of the 
failure of the first, many essential factors emerged. As 
others have shown, reoperation may be safely undertaken 
with a relatively low early mortality and late mortality. 
The early mortality was slightly higher than that in our 
overall series; however, the cumulative survival rate was 
relatively the same. The diffuse nature of atherosclerosis 


appeared to be the limiting factor in early survival. 


Although operative complications from adhesions cre- 
ated by the first operation did not occur in this particular 


series of patients, they have occurred in patients who have 
had reoperations for other reasons and in patients who 
have had previous operations at other institutions for 
myocardial revascularization and had the second operation 


at our institution. This must always be taken into consid- 
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eration when selecting a patient for surgery. Proper 
surgical techniques that have been well described should 
result in a decrease in these problems. We have abandoned 
the use of the Striker saw for reopening the chest since it 
has actually caused more complieations in other patients 
who had reoperations than the Sarns saw. Maximal defla- 
tion of the lungs while the chest is being opened and 
direction of the saw to the left of the midline has decreased 
complications (venous, myocardial, and aortic lacerations). 
In addition, blunt dissection is never done underneath the 
chest wall. Other techniques to avoid these complications 
have been well described. 

Operative complications have not been significantly 
increased except for hemorrhage requiring reoperation, 
which occurred in only 2.396 of the patients. In addition, 
long-term symptom improvement has not been as favor- 
able as in the original operation; however, considering the 
selection in this group of patients, the good to excellent 
results obtained in 84% of the patients are satisfactory. 

Another essential factor in this analysis is the fate of the 
vein graft over this period of time. A unique opportunity to 
examine the vein graft by gross examination and micro- 
scopically both in the failure state and in the normal patent 
state occurs. In this subset of patients, all of whom 
required reoperation because of failure to relieve symp- 
toms or because of recurrent symptoms, the overall graft 
patency rate was 55%. This is much lower than other 
reported patency rates for patients who were followed up 
and who do not require operation and certainly for patients 
in our own series. It is of interest to note that 30% of all 
their grafts were patent and only 28% of all grafts were 
occluded. The attempts at regrafting the occluded arteries 
were quite successful in that complete revascularization of 
all occluded vessels was done in 84% of the patients. There 
was an average of 2.1 grafts per patient at the time of the 
second operation. 

The quality of the bypassed artery at the first operation 
did have some effect on the patency rate; however, it was 
not as important as it would appear. The fear of fibrointi- 
mal hyperplasia and deterioration of the vein graft also 
was not realized in that fibrointimal hyperplasia as a sole 
entity in graft oeclusion did not occur without the progres- 
sion of distal disease or a poor distal bed for perfusion. On 
the other hand, the pathological changes in the vein graft 
that were observed most frequently were those of athero- 
sclerotic plaque and atherosclerotic debris, which accumu- 
lated because of poor distal arterial runoff, or the inappro- 
priate size of the vein graft in comparison with the artery 
itself. In some instances, a healthy-appearing vein graft 
was observed next to an occluded graft that deteriorated 
noticeably with atherosclerosis. It seemed that the athero- 
sclerosis was dependent on the distal disease and the distal 
runoff rather than on the vein graft itself. On many 
occasions, at the time of the reoperation the patent vein 
graft appeared free of atherosclerosis and only displayed 
the normal thickening due to pressures from the flow. 
Thus, even in this selected group of clinical failures the 
progressive deterioration of the vein graft occurred only in 
relation to the distal arterial flow in most cases. 
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Vein graft failure was most common at three years after 
the first operation and then the rate actually declined. 
Early vem graft failures, indicating technical problems or 
poor patient selection, have been kept to a minimum. 

Localized areas of stenosis on the vein graft were related 
to poor angulation on the proximal aorta, kinking due to 
poor placement impingement on the lumen from improper- 
ly placed side branch ligatures, and venous valves that 
calcified. "Purse stringing” of the "heel" and/or "toe" of 
the grafts did not appear to be an important factor. There 
was little evidence of excessive pericardial scarring or fi- 
brosis causing constriction or occlusion of the grafts. This 
could account for difficulty in only four of the patients who 
had graft failure. It was noted, however, that not only did 
the heart enlarge occasionally, but the vein graft contract- 
ed in size, and a frequent cause of early and late occlusion 
was too much tension placed on the vein graft from these 
early or late dynamic effects. Grafts should be placed in 
their permanent habitat loosely so that room for contrac- 
ture of the graft or expansion of the heart is allowed. 

The problem of progression of atherosclerosis to criti- 
cally obstructive lesions has been shown to be a very 
importart cause of first-operation failure. It oceurred in 
approximately 60% of the patients as either a primary or a 


. secondary cause for reoperation. Progression in new ar- 


teries appeared to be accelerated in this group of patients. 
Most patients went from no identifiable lesion to a very 
significant lesion or a complete obstruction. Progression 
from ar identifiable lesion that was considered to be 
nonocclusive (that is, with 30% to 50% stenosis) did not 
result in as many occlusions as expected; however, 7% of 
the patients underwent a second operation only because of 
a previously nonocclusive lesion progressing to a critical 
stenosis. In this group of patients, reoperation could have 
been prevented by grafting the arteries with potentially 
oeclusive lesions. The incidence of this problem is probably 
low in our series because for the past four years we have 
believed that 50%-blocked arteries should be bypassed 
when other arteries with significant blocks are grafted. 
There has been no evidence in our series that a bypass to a 
noncritieally occluded artery will develop thrombosis due to 
competitive flow. 

It appears that the gradual progression of atherosclero- 
sis in the grafts and arteries may decrease after three 
years. However, there are not enough patients after six or 
seven years to determine the true course after that peri- 
od. 

It has been gratifying to see that distal progression of 
grafted arteries occurred in only 1456 of this selected group 
of patients. In most of these patients, the atherosclerosis 
also progressed in the other arteries. The failure of distal 
progression is in distinct contrast to the high incidence of 
proxima: occlusion of grafted arteries. The grafted artery, 
then, does not seem to be any more susceptible to athero- 
sclerosis in the distal portion than other arteries. 

The incidence of reoperation may be decreased not only 
by bypassing 30%- to 50%-stenotic arteries but also by 
performing a complete operation. An incomplete initial 
operation was responsible for 18% of our operations as 
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either a prima-y or a secondary factor. It is of interest to 


y 1 


note -hat ro oatients who required reoperation had a 
previcus quadriple or more bypass procedure done at the 
first operation. The number of patients at risk for reoper- 
ation n this stady is not as high as in the single-, double-, 
and friple-oypass groups; however, quadruple bypass 
grafts have be=n done frequently since 1974. Most arteries 
not bypassed =t the first operation were bypassed at the 
second operati, indicating that a "complete" operation 
could be done. 

Only one pstient in this series had thrombosis of a 
sequeatial veir graft. In this patient, the vein graft was 
placec to a small diagonal branch instead of to the main 
left anterior deseending branch, which was intramyocar- 
dial and located at the second operation. The remainder of 
the zraft failures were all in nonsequential grafts. Even 
thougn the number of grafts at risk for thrombosis is not 
as high as t will be in the future, it seems to indicate a 
proteetive effect against thrombosis in the sequential 
graft. 
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It is also gratifying to see that even though this series of 
patients is a selected group who had a poor result from the 
first operation, the ventricular funetion was preserved in 
most of the patients despite myocardial infarction and the 
progression of disease in the late period. Only 12% of the 
patients went on to a decrease in ventrieular function, and 
only a small portion of those had generalized hypokinesia, 


probably from lack of myocardial perservation at the first 


operation. However, ventricular aneurysm due to vein 
graft occlusion or progression of atherosclerosis developed 
in another seven patients. Obviously, for good results in 
any type of surgical treatment of atherosclerosis, the 
cooperation of the patient is essential. As can be seen in t 
analysis of the preoperative risk factors, 80% of our 
patients failed to change their smoking habits. The 
remainder of the risk factors were fairly well controlled. 
We did not analyze the other risk factors such as obesity, 
diet control of hyperlipidemia, and exercise program. 
These are no doubt of major importance for improved 
results from a positive viewpoint. 
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Discussion 


PRESIDENTE EL=sc? BARKER: Dr Reul, do you have anything to say - 


in closing? I do _ave a question for you. You implied that in some 
patients ycu-fovad one or two grafts with arteriosclerotic disease, 
whereas one gzaft from the same harvest, so to speak, was 
normal. 

GEORGE J. REZL, JR, MD, Houston: That is correct. This implies 
that i the veir graft is harvested and preserved properly, the 
limiting faetor A vein graft patency is the distal arterial circula- 


f 


tion and not the vein graft itself. In these cases, one or more vein 
grafts appeared normal, with fibrointimal thickening, but other 
grafts had almost complete thrombosis and were filled with and 
deteriorated by arteriosclerotic debris. In conclusion, the patient 
who undergoes reoperation offers a unique opportunity to observe 
the results of aortocoronary bypass, especially with respect to the 
fate of the vein graft and the progression of disease. 
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Pain relief score 


Important option when 
potent parenteral analgesics 


are indicated 


. B Standard doses of Stadol are as 
. effective in relieving pain as standard 
. doses of both morphine * and 


meperidine. ^ 


. W By either I.M. or Il. V. route—pro- 
_ vides prompt onset of analgesia, 


achieves peak activity rapidly, main- 
tains effects for 3—4 hours. 


E Distinguished by its favorable side 

effects profile, ^^ 7^ °° 7—low physi- 
cal-dependence liability, limited respi- 
ratory depressant effect, little nausea 


Unsurpassed pain relief 


Moderate to severe pain, all doses |. V. 
mum Butorphanol tartrate 0.5 ma 
mum Butorphanol tartrate 1.0 mg 
mmm Butorphanol tartrate 2.0 mg. 
mum Morphine sulfate 
-—mm Morphine sulfate 


2.5 mg 
5.0 mg 
(N= 116) 





0 1.0 2.0 3.0 4.0 


Hours after administration 


Average mean pain relief scores 


__ In response to butorphanol tartrate 


and morphine sulfate 


In this study "'... butorphanol tartrate 

0.5 mg produced greater relief than 
morphine sulfate 2.5 mg and butor- 
phanol tartrate 1.0 and 2.0 mg produced 
greater relief than morphine sulfate 

5.0 mg.” (DelPizzo') 





and vomiting, and low incidere of 
CNS effects other than sedatien. 


B 2 mg. of Stadol produces an order 
of respiratory depression similar to 
that caused by 10 mg. of morpaine. 
In contrast to morphine, increesing 
Stadol doses yield greater anclgesic 
effect,’ without appreciably in-reas- 
ing liability for respiratory depres- 
sion.'° 


Unsurpassed pain relief 


3.5 





Moderate to severe pain, all ses I.M 
= Butorphanol | m-./70 kg 
emm Butorphano! 2 m=./70 kg 

3.0 wmm Butorphono’ 4 m= 70 kg 
mem Meperidine 40 m. /70 kg. 
umm Meperidine BO m= (70 kg 


N= 104) 
2.5 x 


2.0 


Pain relief score 


0.5 


0 1.0 2.0 3.0: 4.0 


Hours after administration 


Average mean pain relief scores 
In response to butorphanol tartrate 
and meperidine hydrochloride 


In moderate to severe pain, butomphanol 
tartrate provided relief ".. . that was not 
statistically distinguishable from that 


achieved with 80 mg/70 kg mepe-idine."' 
(Giizert et al5) 


B The low addictive potential of 
Stadol^* is underscored by its narcotic 
antagonist properties. 


Stadol is not recommended for 
patients physically dependent on 
narcotics or with significant pre- 
vious narcotic experience. Its use 
in such patients, without prior 
detoxification, will result in induc- 
tion of withdrawal reactions. 


Limited respiratory depressant effect 


7.0 






5.0 


Displacement of PACO- (Torr) 
» 
o 


Placebo 


30 60 159 300 
Log dose (ug./ kg.) 
Log dose PACO, displacement curves 


In this graph based on alveolcr carbon 
dioxide tension (PACO.) measurements, 
the flatter the curve, the less respiratory 
depression. "The flat dose-response curve 
...0f butorphanol may indicate that, 
because of its antagonistic prcperties, 
there is a limit to its respiratory depres- 
sant effects. (Adapted from Nagashima et al!5) 
Unlike morphine with its steep dose- 
response curve, the magnitude of res- 
piratory depression does not increase in a 
dose-related manner with Stadol, within 
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Preference scores commleted by subjects 
during chronic butor»banol tartrate 
administration compared with scores 
from three other groups of subjects re- 
ceiving 50, 120 and 240 mg. of morphine 
daily. .Adnpsed from Jasinski et al?*) 
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doserto 
the ideal — 
parenteral 
analgesic — 


The following table shows a side-by-side clinical comparison 
of Stadol with both morphine and meperidine. 





Clinical 
parameters Meperidine Morphine Stadol 
Control status Schedule II Schedule II Nonscheduled 











moderate to moderate to 
severe pain severe pain 


8-10 mg. 2 mg. 
(1 to 4 mg.) | 


4—10 mg. ] mg. 
(0.5 to 2 mg.) 


moderate to 
severe pain 


Indication 
















Standard I.M. 
dose 


75-100 mg. 














Standard I.V. 
dose 










Usual route of 
administration 



















less than 30 
minutes I.M., 
very rapidly I.V. | 


30 minutes 
I.M., very 
rapidly I.V. 


30 minutes 
I.M., very 
rapidly I.V. 


Onset of pain 
relief 













within 1 hour within 1 hour | 


Peak analgesic | within 1 hour 
I.M., within I.M., within | 
| 
| 


activity I.M., within 
30 minutes l.V. 





20 minutes IL. V. | 30 minutes I.V. 


Addicting | high high low | 
potential 










Duration of pain | slightly less 
relief I.M./I.V. | than morphine 





limited depres- | 
sion—no appre- | 
ciable dose- | 
related increase | 
within the range | 
of recommended | 
doses. | 


dose-related 
depression 


Respiratory dose-related 


effects depression 


Dota for this table were obtained from: Jaffe, J. H. and Martin, W. R.: Narcotic analgesics and 
antagonists, in The Pharmacological Basis of Therapeutics (Goodman, L. S. and Gilman, A., eds.), 
ed. 5, New York, Macmillan, 1975, pp. 245—283; AMA Drug Evaluations, ed. 3, Chicago, 1977, 
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In moderate. 
fo severe pain... 





INDICATIONS AND USAGE — 
Stadol is recommended for the relief of moderate to severe pain. 
CONTRAINDICATIONS — Stadol should not be administered to patients who have 

en shown to be hypersensitive to it. 

WARNINGS — Patients physically dependent on narcotics: Because of its an- 
tagonist properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received sub- 
stantial amounts of narcotic medication, caution should be used in the administration of 
Stadol. Detoxification of such patients prior to usage should be carefully considered. 
Drug dependence: Special care should be exercised in administering Stadol to emo- 
tionally unstable patients and to those with a history of drug misuse. When long-term 
therapy is contemplated, such patients should be closely supervised. Even though 
Stadol has a low physical-dependence liability, care should be taken that individuals 
who may be prone to drug abuse are closely supervised. It is important to avoid in- 
creases in dose and frequency of injections ^ the patient and to prevent the use of the 
drug in anticipation of pain rather than for the relief of pain. 

Head injury and increased intracranial pressure: Although there is no clinical ex- 
perience in patients with head injury, it can be assumed thot Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in cases of 
ead injury can produce effects (e.g., miosis) which may obscure the clinical course of 
patients with head injuries. In such patients Stadol must be used with extreme caution 
and only if its use is Avene essential. 
Cardiovascular effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit (see Clinical Pharmacology), the use of this drug in acute urecatsncl 
infarction or in cardiac patients with ventricular dysfunction or coronary insufficiency 
should be limited to those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS — Certain respiratory conditions: Because Stadol causes some res- 
piratory depression, it should be administered only with caution and low dosage to pa- 
tients with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis. 
Impaired renal or hepatic function: Although laboratory tests have not indicated 
that Stadol causes or increases renal or hepatic impairment, the drug should be ad- 
ministered with caution to patients with such impairment. Extensive liver disease may 
predispose to greater side effects and greater cai aay from the usual clinical dose, pos- 
sibly the result of decreased metabolism of the drug by the liver. 
Biliary surgery: Clinical studies have not been done to establish the safety of Stadol 
administration to patients about to undergo surgery of the biliary tract. 
Usage in pregnancy: The safety of Stadol for use in pregnancy has not been estab- 
lished; therefore, this drug should be used in pregnant patients only when, in the judg- 
ment of the physician, its use is deemed essential to the welfare of the patient. 

Reproduction studies have been performed in rats, mice, and rabbits and have re- 
vealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 2.5 
to 5 times the human dose. 

Usage in labor and Hear Safety to the mother and fetus following administration 
of Stadol during labor and delivery has not been established. 

Usage in nursing mothers: The use of Stadol is not recommended in nursing mothers 
since it is not known whether this drug is excreted in human milk. 

Pediatric use: Safety and efficacy in children below age 18 years have not been estab- 


lished. 
ADVERSE REACTIONS —The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 396), vertigo (33, 396), floating feeling 
(12: egy" dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness 
, 7»). 
r adverse reactions which may occur (reported incidence of less than 1%) are: 
CNS effects: nervousness, unusual denis. agitation, euphoria, hallucinations 
Autonomic effects: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
den etr or blurred vision 
OVERDOSAGE — Manifestations: Although there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or intentional 
misuse as well as therapeutic use. Based on the pharmacology of Stadol, overdosage 
could produs some degree of respiratory depression and variable cardiovascular and 
central nervous system effects. 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated con- 
stantly and appropriate supportive measures instituted, such as oxygen, intravenous 
fluids, vasopressors, and assisted or controlled respiration. 
DOSAGE AND ADMINISTRATION —Adults: Intramuscular —The usual recom- 
mended single dose is 2 mg. This may be repeated eyery three to four hours, as neces- 
sary. The effective dosage range, depending on the severity of pain, is 1 to 4 mg. re- 
peated every three to four hours. At this time, there is insufficient clinical data to rec- 
ommend single doses beyond 4 mg. 
Intravenous — The usual recommended single dose for intravenous administration is 1 
mg. repeated every three to four hours as necessary. The effective o range, de- 
pending on the severity of pain, is 0.5 to 2 mg. repeated every three to four hours. 
Children: Since there is no clinical experience in children under 18 years, Stadol is not 
recommended in this age group. 
Storage conditions: When stored at room temperature, the stability of the solution in 
vials is 2 years. 
SUPPLY —Stadol (butorphanol tartrate) Injection for I.M. or I. V. use, 2 mg. per ml., 
2-ml. vial; 1 mg. per ml., 1-ml. vial; 2 mg. per ml., 1-ml. vial; 2 mg. per ml., 10-ml. 
multi-dose vial. 
NDC 0015-5644 —2 mg. per ml., 2-ml. vials 
NDC 0015-5645—1 mg. per ml., 1-ml. vials 
NDC 0015-5646 —2 mg. per ml., 1-ml. vials 
NDC 0015-5648—2 mg. per ml., 10-ml. multi-dose vials 
For information on package sizes available, refer to the current price schedule. 


rm] BRISTOL LABORATORIES 
BRISTO Div. of Bristol-Myers Company 
Syracuse, New York 13201 


Mo Aia 1 a rmm 


(1) 8/18/78 


BUTORPHANOL BIBLIOGRAPHY: 1. DelPizzo, A.: Butorphancl, a new 
intravenous cnalgesic: Double-blind comparison with morphine sulfate in 
postoperative patients with moderate or severe pain, Curr. Ther. Res. 
20:221, 1976. 2. Tavakoli, M. et al: Butorphanol and morphine: A 
double-blind comparison of their parenteral analgesic activity, Anesth. 
Analg. 55:394, 1976. 3. Dobkin, A. B. et al: Butorphanol: A double-blind 
evaluation in postoperative patients with moderate or severe pain, Can. 
Anaesth. Soe. J. 21:600, 1974. 4. Lippmann, M. et al: Butorphanol and 
morphine: A double-blind multiple intramuscular dose comparative safety 
and efficacy study in patients with postoperative pain, Curr. Ther. Res. 
21:427, 1977. 5. Gilbert, M. S. et al: Intramuscular butorphanol and 
meperidine ia postoperative pain, Clin. Pharmacol. Ther. 20:359, 1976. 

6. Galloway, F. M. et al: Comparison of analgesia by intravenous 
butorphanol and meperidine in patients with post-operative pair, Can. 
Anaesth. So-. J. 24:90, 1977. 7. Comunale, F. L. and Filtzer, H. S.: 
Double-blinc comparison of butorphanol, a new parenteral analgesic, and 
meperidine i» the treatment of postoperative pain, Curr. Ther. Res. 22:116, 
1977. 8. De Pizzo, A.: Double-blind evaluation of butorphanol and 
meperidine civen intramuscularly before anesthesia, Curr. Ther. Res. 
20:763, 1975. 9. Dobkin, A. B. et al: Butorphanol and pentazocine in 
patients wit- severe postoperative pain, Clin. Pharmacol. Ther. 18:547, 
1975. 10. Gilbert, M. S. et al: Butorphanol: A double-blind comparison 
with pentazecine in post-operative patients with moderate to severe pain, 
J. Int. Med. Res. 4:255, 1976. 11. Dobkin, A. B. et al: Butorphanol 
tartrate: 1. safety and efficacy in multidose control of postoperative pain, 
Can. Anaesth. Soc. J. 23:596, 1976. 12. Bauer, R. O. et al: Analgesic 
evaluation cf butorphanol in patients with postoperative wound pain, Proc. 
West. Pharmacol. Soc. 19:266, 1976. 13. North, W. C. and Tielens, 

D. R.: A comparison of butorphanol and pentazocine as postoperative 
analgesics, abstracted, Clin. Pharmacol. Ther. 21:112, 1977. 14. Kliman, 
A. et al: Clinical experience with intramuscular butorphanol for the 
treatment of a variety of chronic pain syndromes, Curr. Ther. Res. 22:105, 
1977. 15. Zeedick, J. F.: Butorphanol—A new, potent, parenteral 
analgesic, Curr. Ther. Res. 21:802, 1977. 16. Nagashima, H. et al: 
Respiratory and circulatory effects of intravenous butorphanol ond 
morphine, Clin. Pharmacol. Ther. 19:738, 1976. 17. Gordon, M. et al: 
Approaches to the problem of opiate abuse, presented to the Committee on 
Problems of Drug Dependence, Proceedings, 498-513, 1974. 18. Miller, 
M.: Inhibition of ADH release in the rat by narcotic antagonists, 
Neuroendoerinology 19:241, 1975. 19. Monkovié, |. et al: Oxilorphan 
and butorpkanol. Potent narcotic antagonists and nonaddicting analgesics 
in the 3,14-Jihydroxymorphinan series, Part V, Can. J. Chem. 53:3094, 
1975. 20. boldes, F. F. et al: Double-blind comparison of the respiratory 
and circulatory effects of intravenous butorphanol and morphine, presented 
to the Committee on Problems of Drug Dependence, Proceedings, 
373-390, “975. 21. Pircio, A. W. et al: The pharmacology of 
butorphane, a 3,14-dihydroxymorphinan narcotic antagonist analgesic, 
Arch. Int. Pharmacodyn. Ther. 220:231, 1976. 22. Cavanagh, R. L. et al: 
Antitussive »roperties of butorphanol, Arch. Int. Pharmacodyn. Ther. 
220:258, 1976. 23. Schurig, J. E. et al: The effects of butorphanol and 
morphine on pulmonary mechanics, arterial blood pressure anc venous 
plasma histamine levels in anesthetized dogs, Federation Meetings, 
Proceeding., 546, vol. 35, No. 3, 1976. 24. Jasinski, D. R. et al: 
Progress Report on Studies from the Clinical Pharmacology Section of the 
Addiction Research Center, Problems of Drug Dependence, Proceedings, 
112-120, 1276. 25. Dobkin, A. B. et al: Butorphanol tartrate: 2. Safety 
and efficacy in balanced anesthesia, Can. Anaesth. Soc. J. 23:601, 1976. 
26. Swain, H. H. et al: Evaluation of new compounds for morphine-like 
physical denendence in the rhesus monkey, Report of the Committee on 
Problems o Drug Dependence, addendum, 693-696, 1973. 27. Jasinski, 
D. R. et al Progress Report on Studies from the Clinical Pharmacology 
Section of he Addiction Research Center, Committee on Problems of Drug 
Dependence, Proceedings, 136-149, 1975. 28. Houde, R. W. et al: 
Annual Report of the Analgesic Studies Section of the Memorial 
Sloan-Kettering Cancer Center, Reported to the Committee on Problems of 
Drug Dependence, Proceedings, 149—168, 1976. 29. Kallos, T. and 
Caruso, F. S.: Respiratory effects of butorphanol, abstracted, Clin. 
Pharmacol Ther. 21:107, 1977. 30. Oh, S. J.: Experimental 
pentazocire-induced fibrous myopathy, Ala. J. Med. Sci. 14:64, 1977. 

31. Lippmann, M. et al: Analgesic onset time of I. V. butorphanol in 
postsurgiccl patients: A placebo-controlled study, Curr. Ther. Fes. 22:276, 
1977. 32. Andrews, l. C.: Butorphanol and pentazocine: A couble-blind 
intramuscusar comparison in patients with moderate to severe postoperative 
pain, Curr. Ther. Res. 22:697, 1977. 33. Zeedick, J. F.: Efficacy and safety 
evaluation of butorphanol in postoperative pain, Curr. Ther. Res. 22:707, 
1977. 34. Roebel, L. E. et al: The effects of butorphanol and morphine on 
terminal bile duct and duodenal activity in anesthetized dogs, The 
Pharmacobgist 19:146, (Fall) 1977. 35. Popio, K. A. et al: Hemodynamic 
and respiratory effects of morphine and butorphanol, Clin. Pharmacol. 
Ther. 23:231, 1978. 36. Carter, R. et al: A double-blind clinical 
evaluation of butorphanol and pentazocine in the alleviation of pain 
following gynecological therapy, Curr. Ther. Res. 23:48, 1978. 

37. Stehl ng, L. C. and Zauder, H. L.: Double-blind comparison of 
butorphanol and meperidine in the treatment of post-surgical pain, J. Int. 
Med. Res. 6:306, 1978. 38. Monkovié, I. et al: Total synthesis and 
pharmaco-ogical activities of N-substituted 3,14-dihydroxymcrphinans, J. 
Am. Cher. Soc. 95.7910, 1973. 39. Monkovié, |. et al: A stereoselective 
total synthesis of 14-hydroxymorphinans. Grewe approach, J. Am. Chem. 
Soc. (accepted). 


P UMEN LS 4 F — 
TE ae 


Aortie and Mitral Prosthetic 


Valve Reoperations 


Early and Late Results 


Stephen J. Rossiter: MD; D. Craig Miller, MD; Edward B. Stinson, MD; 


Philip E. Over, MD; Bruce A. Reitz, MD; Norman E. Shumway, MD 


e A total of 232 valvular reoperations (123 mitral valve reoper- 
ations [RMVR] ard 109 aortic valve reoperations [RAVR] were 
performed in 184 patients with previously implanted prosthetic 
valves. Early martality was 10% (12/123) for the RMVR subgroup 
and 14% (15/109) for the RAVR subgroup (P = NS). Late mortal- 
ity was 16% (18/ 117) for the RMVR subgroup and 2596 (23/94) 
for the RAVR suncrcup (P = NS). Patients with prosthetic endo- 
carditis or prosthetic stenosis constituted higher-risk subpopu- 
lations. Principe! determinants of both operative mortality and 
late attrition"were preoperative cardiac functional status and the 
nature of the pathology mandating valve rereplacement. Early 
prosthetic valve -eveolacement is advocated to correct hemody- 
namic abnormalities before advanced ventricular decompensa- 
tion ensues, especially when prosthetic valvular endocarditis or 
prosthetic stenosis exists. 

(Arch Surg 114:1279-1283, 1979) 


py substantial improvements in the design of 
prosthetie eardiac valve substitutes over the last 20 
years, an "ideal" prosthesis does not yet exist. Valve 
dysfunction due to thrombosis, embolism, hemolysis, endo- 
carditis, stenosis, insufficiency, and perivalvular leak 
continues to oceu>. Broader utilization of prosthetic valves 
as well as the increased life expectancy of patients follow- 
ing prosthetic valve replacement has resulted in an 
increase in the frequency of reoperation. Analysis of the 
results of valve rereplacement is therefore pertinent, 
necessary, and clinically useful. This report reviews the 
experience with valvular reoperations at Stanford (Calif) 
University Medical Center over a 14-year span. - 


PATIENTS AND METHODS 


Between May 1954 and May 1978, a total of 194 patients 
underwent 232 velvalar reoperations. In 44 patients, the initial 
valve replacement (or one of the subsequent reoperations) was 
performed at another institution. Only patients with previously 
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implanted prosthetic (mechanical or tissue) valves were included; 
patients previously undergoing valvoplasty, commissurotomy, or 
other cardiac operations were not considered in this analysis. 
“Reoperation” consisted of valve rereplacement in 212 procedures, 
and valve revision (eg, repair of periprosthetic leak) in 20 proce- 
dures. 

Total aggregate follow-up from the time of first valve replace- 
ment was 1,335 patient-years. The mean interval was 6.9 years and 
ranged up to 15 years. Cumulative follow-up from the time of first 
reoperation totaled 634 patient-years (mean follow-up, 3.3 years; 
maximum, 11.8 years). The interval between initial operation and 
first reoperation for the mitral valve reoperation (RMVR) 
patients was 38 + 3 months (mean + SEM) and ranged from one 
week to 12 years. This interval for the aortic valve reoperation 
(RAVR) patients averaged 39 + 5 months and ranged from one 
week to 12.6 years. Table 1 summarizes pertinent clinical data for 
the 91 patients undergoing aortic valve reoperation and the 103 
patients undergoing mitral valve reoperation. In the RAVR group, 
ten patients were included who underwent a second aortic valve 
reoperation (third intracardiac procedure) and four who under- 
went a third valve reoperation. Within the RMVR group, 32 
patients represented second valve reoperations and six patients 
third valve reoperations. 

As a means of establishing a perspective pertaining to operative 
mortality, operative morbidity, and long-term survival, the 
patients undergoing valvular reoperation were contrasted with a 
nonconcurrent group of 1,062 patients who underwent initial 
single-valve replacement with xenograft bioprostheses between 
1971 and 1978; these patients contributed a total of 2,164 patient- 
years for follow-up analysis (Table 2). 

Operative technique changed little throughout the study period 
and has been described in detail previously.'* Myocardial protec- 
tion during periods of aortic cross-clamping was provided by 
topical hypothermia; recently, this has been supplemented with 
cold aortic root cardioplegia in most cases. For repeated sternoto- 
my, an oscillating saw was used for division of the anterior table of 
the sternum and sharp dissection for the posterior table.* Femoral 
artery cannulation was rarely required. The heart was completely 
dissected free of adhesions, with the posterior dissection 
completed on cardiopulmonary bypass if necessary. This extent of 
dissection is considered necessary to facilitate the evacuation of 
intracardiac air, to promote effective topical hypothermia, and to 
safely afford adequate mobility and exposure (especially for 
repeated mitral valve operations). Concomitant operative proce- 
dures (mostly coronary artery bypass grafting) in addition to 
valve replacements were performed in 32 patients. 
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Table 1.—Clinical and Follow-up Data for 194 Patients 
Undergoing 232 Cardiac Valve Rereplacements 











Mitral Aortic 
Reoperations Reoperations 
No. of reoperations 123 109 






No. of patients 103 91 
No. lost to follow-up 1 2 


Dates of operation 5/64-4/78 6/65-3/78 


Follow-up since initial operation 
Mean - SEM, yr 


Range, yr 
Cumulative, patient-yr 
Follow-up since first valve 






















7.1 € 0.3 
0.2-14.6 








reoperation 
Mean + SEM, yr 3.7 + 0.3 2.9 + 0.3 
Range, yr 0-11.8 0-11.0 
Cumulative, patient-yr 373 261 
Male-female ratio 50:53 74:17 







Prosthetic valve 
replacements 112 100 
9 


Prosthetic valve repairs 11 


Concomitant operative 
procedures 20 19 








PROSTHETIC AORTIC VALVE (n = 109) 







PROSTHETIC 
STENOSIS 
5 (4.6%) 








SYSTEMIC 
(EMBOLI/HEMOL YSIS) 
17 (15.6%) 











ENDOCARDITIS 
32 (29.3%) 










PROSTHETIC -—^ 
INSUFFICIENCY 
26 (23.9%) 








PERI-PROSTHETIC 
LEAK 
29 (26.6%) 







PROSTHETIC MITRAL VALVE (n = 123) 






ENDOCARDITIS 
11 (8.9%) 









PROSTHETIC 
STENOSIS 
19 (15.5%) 
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PERI-PROSTHETIC 
i LEAK 
33 (26.8%) 









SYSTEMIC _ 
(EMBOLI/HEMOL YSIS) 
32 (26.096) 











PROSTHETIC 
INSUFFICIENCY 
28 (22.8%) 





Fig 1.—Indications for reoperation. 
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Table 2.—Clinical and Follow-up Data for 1,062 
Patients Undergoing Primary Single Cardiac Valve 
Replacement* 










Primary Mitral Primary Aortic 
Replacement Replacement 


No. of patients 489 578 
No. lost to follow-up 2 3 


Dates o! operation 3/71-4/78 7/71-12/78 


Follow-up 
Mean - SD, yr 


Maxir um, yr 




























7 6 





Cumulative, patient-yr 1,130 1,034 
Male-female ratio 200/289 416/157 





Concomitant operative 
procedures 





228 340 


*This patient population and the reoperation population are nonconcur- 
rent; moreover. no patient in the reoperation group is included in the 
primary vaive replacement group. 





Current follow-up was accomplished by direct contact with the 
patient, physician, or both. Survival curves were calculated by 
means of standard nonparametric actuarial techniques. Operative 
(early) mertality was defined as any death occurring within 30 
days of operation or during the same hospitalization, irrespective 
of postoperative duration. Statistical significance of actuarial 
survival differences was assessed by the Gehan test, assigning a 
two-tailee significance level to the P values thus obtained. Statis- 
tical significance of differences in continuous variables was 
assessed by use of the nonpaired Student's t test. Noncontinuous 
variables were compared with use of Fisher's exact test and x 
contingency analysis as appropriate.*-5 


RESULTS 
Indications for Reoperation 


Sixty-ene percent (142/232) of the reoperations involved 
mechanical valves and 39% (90/232) involved tissue (xeno- 
graft or allograft) valves. Figure 1 graphically illustrates 
the relative frequencies of the indications mandating 
reoperation. Five categories were defined: (1) prosthetic 
stenosis (due to thrombosis, mechanical dysfunction, or 
leaflet fibrosis and calcification); (2) prosthetic valve endo- 
carditis; (3) periprosthetie leak; (4) prosthetic insufficiency 
(due to cither ball/disk variance or leaflet degeneration); 
and (5) ‘systemic indications” (CNS or peripheral emboli 
[48 cases] or severe hemolysis [one case]). Prosthetic valve 
endocarditis accounted for reoperation in the aortic posi- 
tion three times more frequently than in the mitral 
position (P < .001), a finding reported previously.’ It has 
been our policy to replace mechanical valves with tissue 
valves im patients who sustain multiple arterial emboli 
while adequately anticoagulated.‘ 


Survival 


Actuarial curves comparing overall survival rates 
(including operative mortality) of patients undergoing 
reoperation with those undergoing primary valve replace- 
ment are illustrated in Fig 2. The survival rates were 
nearly identical for mitral valve patients (Fig 2, left), but 
were significantly lower (P < .001) for RAVR compared to 
primary AVR patients (Fig 2, right). This mainly reflected 
the higher operative mortality of patients undergoing 
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p (GEHAN) = NS 


PERCENT SURVIVAL 


A REDJPERATION GROUP (n = 102) 


e HETER@GRAFT COMPARISON GROUP — 
PRIM FY OPERATION ONLY (n = 489) 


(2 2411-81 9 12 4 16 
VEA=S POSTOPERATION OR REOPERATION 


aab» 
t 
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. p (GEHAN) « .001 


PERCENT SURVIVAL 


A REOPERATION GROUP (n= 89) — 
e HETEROGRAFT COMPARISON GROUP — 
PRIMARY OPERATION ONLY (n = 573) 


DIT Ue Ta 8 10 i12 M 
YEARS POSTOPERATION OR REOPERATION 


Fig 2 —Actuarial survival including operative mortality. Left, Mitral valve rereplacement vs primary mitral 
valve replacement. Right, Aortic valve rereplacement vs primary aortic valve replacement. 


"redo" aortic vave replacement. This, in turn, was a direct 
correlate of the “aet that fully 34% of the patients undergo- 


ing aortic valve rereplacement had either endocarditis or 


prosthetic stenesis. The early mortality for the RAVR 
subgroup was 14% (15/109), compared to 4.5% (26/573) for 
primary aortic wave replacement (P < .05). In contrast, 
the 10% (12/123) early mortality for mitral valve rereplace- 
ment zpproximeted the 9% (44/489) early mortality for 
primery mitra. «ae replacement. 

Early and lat= mortalities correlated strongly with the 
indication for regperation (Table 3). Patients with endocar- 
ditis and prosthetic stenosis constituted high-risk groups 
with early mer-alities two to three times greater than 
those in the othe- categories arbitrarily defined as low risk 
(Fig 3) Operat-e mortalities did not vary significantly 
according to whezber the operation was the first, second, or 
third valvular reeperation. The numbers of patients in the 
subse:s undergeng two or more aortic or mitral valve 
reoperations were small, however. Within the RAVR 
group, operative mortality for the first valve reoperation 
was 14% (13/91) For the second or third valve reoperation, 
it was 11% (2/13 “P = NS). These mortalities within the 
RMV2 group were 7% (7/103) and 13% (5/38), respectively 
(P = NS). 

Tne causes of the early deaths following aortic or mitral 
valve rereplacerzent were as follows: 


No. (%) of Patients (N = 27) 
16 (59) 
3 (11) 
2 (1.5) 
2 (1.5) 
4 (15) 


Myocardial failure and low cardiac output accounted for 
59% cf the operative fatalities. Technical complications 
could be incrimimated in only two of the 27 early deaths. 
Only two of the cperative deaths could be attributed to 
hemorrhage, and ane was due to a diffuse coagulopathy. — 

A statistical significant correlation was apparent 
between the degree of preoperative cardiac disability, as 


E uds * 


assessed by the New York Heart Association (NYHA) 


Myocardial farure 
Renal failure 
Hemorrhage 


Neurological 


Infection 


j: 


T b 


Table 3.—Early and Late Mortalities for Patients 
Undergoing Valvular Rereplacement 


Mortality, % 


om N 
Aortic Valve Mitral Valve 
Reoperation Reoperation 

(N = 109) (N = 123) 

a een ———————— 

x Early* Late Early* Late 

Prosthetic ste- 

nosis 

Prosthetic in- 

 sufficiency 

Periprosthetic 

leak 

Endocarditis 

"Systemic in- 

dications 


20 (1/5) 0(0/4) 16(3/19) 31 (5/16) 


8(2/26) 21(5/24) 7(2/28 4(1/20) 


42(11/26) 9(3/33) 27 (8/30) 
29(7/24) 18(2/11)  0(0/9) | 


10 (3/29) 
25 (8/32) 


6(1/17) 0(0/16)  6(2/32) 17 (5/30) 
‘otal 14 (15/109) 25 (23/94) 10(12/123) 17 (19/111) 
*Less than 30 days after operation or death before hospital discharge. 
functional classification, and early postoperative death. 
This relationship is illustrated in Fig 4. 
The causes of the 37 late postoperative deaths following 


valvular reoperation were as follows: 


No. (%) of Patients (N = 37) 
17 (45) 
6 (16) 
4 (11) 
3 (8) 
3 (8) 
1 (3) 
1 (3) 
1 (3) 
1 (3) 


Myocardial failure 

Sudden death 

Neurological 

Myocardial infarction 
Infection/endocarditis 
Valve thrombosis 
Abdominal aortic aneurysm 
Carcinoma a 
Suicide 


. As with the operative fatalities, the leading causes of late 


attrition were ventricular failure and congestive heart 
failure. Fully 86% of all late deaths were cardiovascular or 
cerebrovascular in nature. . 

Hemodynamie and intraoperative variables such as 


aortic cross-clamp time, preoperative pulmonary artery 


and left ventricular end-diastolic pressures, and cardiac 
index were analyzed. There was no significant correlation 
^ 
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Fig 3.—Correlation between operative mortality and indications 
mandating reoperation. 





Table 4.—Causes of Major Morbidity Following Cardiac 
Valvular Reoperations* 
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Aortic Valve Mitral Valve 
Replacement Replacement 
—————— ————————— 
Reopera- Reopera- 
Primary tion Primary tion 
(N= (N= (N= (N= 
568) 103) P 483) 121) P 
Sternal infec- 9(1.6) 2(1.9 NS 11 (2.3) 0 (0) NS 














tion 
Hemorrhage 
requiring 































reexplora- 
tion 25 (4.4) 7(6.8) NS 24 (5.2) 3(2.5) NS 
Renal failure 38(6.7) 5(4.9) NS 44 (9.1) 9 (7.4) NS 






Emboli pe- 
ripheral or 
CNS be- 
fore dis- 

charge 















8 (1.4) 0(0 NS 8(1.7) 3 (2.5) NS 


*Patients who died in the operating room were excluded from this 
analysis. 


(P > .05) with early or late operative outcome. It should be 
noted, however, that many high-risk patients, such as those 
with active endocarditis of the aortic prosthesis, did not 
undergo preoperative catheterization. 


Morbidity 


No significant differences (P > .05) between the subsets 
of patients undergoing primary or reoperative valvular 
surgery were noted in terms of incidence of mediastinal 
infection, postoperative hemorrhage requiring exploratory 


sternotomy, renal failure, or systemic arterial thromboem- 
boli (Table 4). 


Functional Results 


Substantial (P < .05) improvement in functional capaci- 
ty, as measured by the NYHA functional class, was noted 
in all groups following operation. In this regard, there were 
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Fig 4.—Relationship between preoperative cardfac disability and 
operative outcome. NYHA indicates New York Heart Associa- 
tion. 


n=99 n-:2 


no significant differences between comparable "-edo" and 
primary operative groups. Functional rehzbilitation 
(NYHA classes 1 and 2) was achieved in 91% of traceable 
survivors following valve replacement. 


COMMENT 


Increasing numbers of patients, including children and 
young adults, are recipients of prosthetic cardiac valves. 
Most eurrently available valvular substitutes exhibit finite 
durability expectations and are subject to complications 
such as infection, thrombosis, and emboli. Prosthetic valve 
reoperations have, therefore, become commonplace, and it 
is desirable that the results of such secondary procedures 
be evaluated in detail. 

Although both mitral and aortic valve substitutes share 
common complications, the relative frequencies of condi- 
tions mandating valvular reoperation differ som2what, as 
illustrated in Fig 1. Prostheses in the aortic position are 
more susceptible to endocarditis than those in the mitral 
position, although this relationship is reversed for native 
valve endocarditis.’ Conversely, prosthetic stenosis due to 
thrombosis or fibroplastie proliferation occurred more 
commonly in the mitral position in our series. Each of these 
complications conferred an elevated risk of reoperation, 
but the impact of the former was greater because of its 
relatively higher incidence. Clearly, in any given popula- 
tion of patients with implanted prosthetic valves, the 
frequency distribution of indications for reoperation will 
vary with the location of the valve and the types of 
different valves at risk. 

Reported operative mortalities for valvular recperations 
range from 4% to 4456.?-'* In all series in which comparative 
analysis was undertaken, the risk of reoperation was noted 
to be higher than that associated with primary elective 
cases. For example, Wisheart et al" noted an early mortal- 
ity of 22% for reoperations compared to 8% for primary 
procedures, and Londe and Sugg’? reported a 38% early 
mortality for reoperation vs 20% for primary cases. 
Increased operative risk for patients undergoing reopera- 
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tion is not, in itself, surprising; however, our analysis 
inGieates that this inereased risk can be assigned to some, 
but not all, of the pathological entities that mandate 
reoperation. Complications that mandate urgent reopera- 
tion impose a substantially higher risk, as other groups 
have previously emphasized." Especially important in 
this context is a-t ve, uncontrolled prosthetic endocarditis 
and acute prosthetic thrombosis. 

The overall operative mortality for RAVR patients (14%) 
in our series was significantly higher than that for primary 
AVR patients (45%) (P < .05). In contrast, the rates for 
the RMVR and primary MVR subsets were quite similar 
(10% vs 9%). This disparity is explained almost entirely by 
the th-eefold greeter incidenee of prosthetic valve endocar- 
ditis n the RAVR subgroup compared to the RMVR 
subgreup (29% [32/109] vs 9% [11/123]; P < .001). Thus, the 
pathobgic processes mandating reoperation constitute the 
prime determinart of risk associated with cardiac valvular 
reoperation. In zh» presence of complications likely to lead 
to acute or progressive intrinsic prosthetic dysfunction, an 
aggressive approech to reoperation should be advocated. 
Successful repeated valve replacement yields late postoper- 
ative functional results of comparable quality to those 
associated with primary procedures. We speculate that 
earlier reoperation may perhaps favorably influence the 
substartial late at-r-tion rate due to advanced ventricular 
failure. 
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Discussion 


Roy H. Crauss, MD, New York: Dr Rossiter and the Stanford 
group are to be complimented for their good results on a large 
series of challenging patients. Twice in their abstract they stated 
that preoperative functional status influenced their results. One of 
the first questions I would ask is, did they correlate the NYHA 
classification with any other data, such as pulmonary artery 


wedge pressure? Functional status may be defined precisely with 


numbers, but we have to decide which numbers to use. 

Russell and Rackley’s book illustrates “breakpoints” defining 
left ventricular failure as pulmonary artery wedge or left ventric- 
ular end-diastolic pressure exceeding 15 mm Hg or cardiac index 
of less than 2 L/min. Treating left ventricular failure by volume 
challenge with low-molecular-weight dextran remains popular. 

I wish to present evidence supporting the other philosophy, 
afterload reduction. New methods analyze usual data. New 
insights emerge. 

At the Metropolitan Hospital Center in New York City, Drs 
William Stahl and Alfio Raciti, employing the automated physio- 
logie profile of DelGuercio, made observations of left ventricular 
function in aged patients that seemed applicable to Dr Rossiter's 
heart patients. 

Dr Raciti studied left ventricular function in 70 consecutive 
patients more than 70 years of age. Disclosed were some new 
guidelines. Left ventricular function was optimal at pulmonary 
artery wedge pressure of 7.9 mm Hg, becoming deranged when 
that pressure exceeded 9 mm Hg, not 15 mm Hg as Russell and 
Rackley and, before them, Cournand and Richards had said. 

Of 21 patients submitted to general anesthesia and major 
surgery with a median age of 81 years, only three of whom lacked 
a history or findings of infarct, hypertension, or failure, those 
whose wedge pressures were 9 mm Hg or less maintained optimal 
left ventricular function. In contrast, left ventricular function 
deteriorated in all of the patients whose wedge pressures could not 
be modulated into the optimal range. 

I take it for granted that most of Dr Rossiter’s patients had 
wedge pressures in excess of 9 mm Hg. 

I would like to know what correlations were made, and whether, 
for instance, elevated wedge pressures precipitated tachydys- 
rhythmia. 

Dr Rossiter: We did not correlate functional class with hemo- 
dynamic measurements. However, we did look at hemodynamic 
measurements as they might affect survival. Preoperative cardiac 
index, pulmonary artery wedge pressure, pulmonary artery mean 
and systolic pressures, right atrial pressures, and left ventricular 
end-diastolic pressures all failed to predict survival. Other investi- 
gators have noted that preoperative cardiac index is predictive of 
survival, as might be expected. However, many of our patients 
were so severely ill, especially some of the decompensated endo- 
carditis patients, that they were unable to tolerate invasive 
preoperative hemodynamic assessment. 

The hemodynamic studies you alluded to are certainly interest- 
ing. I am certain that had all of our patients undergone preoper- 
ative invasive hemodynamic evaluation, these data would have 
correlated with survival. 

However, the central point remains: these reoperations can be 
done with relatively low risk, and that risk is related to the extent 
of preoperative pathology. We advocate an aggressive approach 
and early reoperation. 

I guess that it can all be summed up by the old homily: “If at 
first you don’t succeed, try, try again.” 
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Membrane vs Bubble Oxygenators 


A Prospective Study of 52 Patients 


George L. Hicks, MD: Hans H. J. Zwart, MD; Richard A. DeWall, MD 


e Controversy continues about the oxygenator preferable for 
cardiopulmonary bypass (CPB). This prospective study was 
underteken ir 52 patients undergoing coronary bypass surgery. 
Oxygerators were alternated each case between model Q-100, 
Bentley Laboratories inc, Irvine, Calif, and Travenol Membrane 
Oxygenator (TMO), Travenol Laboratories Inc, Deerfield, Ill. The 
Q-100 group required *igher CPB O, flows, but Po, levels during 
CPB were similar for both groups. Heparin sodium dosage and 
activated clotting, bleeding, prothrombin, and partial thrombo- 
plastin *imes were identical in both groups. Blood loss and 
platelet reduction atter CPB were also similar. Postoperative 
complications in the Q-100 group included one myocardial 
infarctioa, and ene neurological problem. The TMO group had no 
myocardial infarctions and one neurological problem. The 
membrane oxysenator took nine minutes longer to set up and 
was $63 more expensive to purchase. Blood trauma during CPB 
was less with the membrane oxygenator (lower plasma hemoglo- 
bin level, but we conclude that both oxygenators performed 
adequate»y duriag clinical use in open heart surgery. 

(Arch Surg 114:1285-:287, 1979) 


he membrane anë bubble-type oxygenators are both 
commonly used for oxygenation during cardiopulmo- 
nary bypass (CPB) ir clinical practice. Yet controversy 
continues abeut the merits of the membrane oxygenator in 
everyday use siace many surgeons believe that the bubble 
oxygenater remains the standard for CPB oxygenation. 
This study wes designed in a prospective manner using, 
in alterna-e pat:ents, the Travenol Membrane Oxygenator 
(TMO), Traven Laboratories Inc, Deerfield, Ill, and the 
Q-100 mocel, Bentley Laboratories Ine, Irvine, Calif, for 
oxygenatien during CPB. The goals of this prospective 
evaluation were to answer certain questions associated 
with the -liniez! use ef oxygenators: How does blood 
element trauma. blood loss, or transfusion requirements 
differ betw2en tke two systems? Is one type of oxygenator 
more reliable or associated with better clinical results, 
assessing parameters of intraoperative oxygenation as 
well as renal, pulmonary and myocardial subsystems? 


METHODS 


The study consisted of 52 consecutive, unselected patients 
undergoing eoronamy artery bypass surgery. The oxygenators 
were alternated between the TMO and the Q-100 systems, while 
the pump technicians, priming solutions, and other technical 
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aspects of CPB remained unchanged. The priming solution in the 
TMO groups consisted of 2,200 mL of a mixture (Na, 140 mEq/L; 
K+, 5 mEq/L; Cl, 98 mEq/L; and acetate, 27 mEq/L (Normosol) 
and 25 g of normal human serum albumin, while the Q-100 prime 
was 1,800 mL of Normosol and 25 g of normal human serum 
albumin. The flow rates during CPB were 2.2 L/min/sq m in all 
cases. No steroids were used in this series. Moderate hypothermia 
(28 to 30 °C) and clear cold cardioplegia (10 °C) were used for all 
patients with multiple grafts, whereas normothermia with similar 
cold cardioplegia was used for most patients requiring single 
grafts. The cardioplegia solution consisted of the following: Na’, 
152 mEq/L; Cl, 118 mEq/L; K`, 25 mEq/L; Mg, 3 mg/L; HCO,, 12 
mEq/L; and dextrose, 2 g/L. 

The blood pressure and heart rate of the patient were controlled 
before and during induction of anesthesia with intravenous (IV) 
nitroglycerin drips and propranolol hydrochloride (Nitropaste). 
Filters were not used on the cardiotomy lines, and no indwelling 
arterial line filters were present for either system. Heparinization 
was accomplished with a standard dosage of heparin sodium (3 
mg/kg), and the intraoperative level of heparin was maintained 
by regular activated clotting times (ACTs) during CPB, following 
the protocol of Briggs.’ 

During the period of CPB, the rates of gas and blood flows, the 
pressures of arterial blood gases, the amount of blood loss, the 
extent of IV fluid replacement, and the ACT were carefully 
recorded. Pericardial suctioning was minimized, and a ventricular 
sump was not used in any case. Postoperatively, subsystem 
analyses were carried out including the following: hematologic 
status (WBC count, platelet counts, partial prothrombin times, 
prothrombin time, protein electrophoresis, and  fibrin-split 
produets), pulmonary system (serial intraoperative and postopera- 
tive arterial blood gas [ABG] and tidal volumes), renal function 
(daily ereatinine clearance and BUN), and myocardium (serial 
ECGs and myocardial band enzyme values). Total blood loss was 
recorded in all cases, while plasma and urine hemoglobin levels 
were evaluated to assess hemolysis. 

All patients were extubated on the day of surgery, and no 
episodes of reintubation were necessary. All data were compared 
by the use of the Student's t test for paired data, and a t test for 
independent samples was used when comparing measurements 
between the two groups. 


RESULTS 


The demographie analysis of the patient population in 
this study indicates that the two groups did not differ 
greatly in terms of age, number of grafts, length of 
postoperative hospital stay, and preoperative ejection frac- 
tion (Table 1). The ratio of men to women was also 
comparable, with 20:6 in the Q-100 group and 22:4 in the 
TMO group. There were no differences between groups in 
terms of medications (digoxin [anoxin], sodium bicarbon- 
ate, furosemide, or propranolol) used during the hospital 
stay. 

During the period of CPB, a higher O, flow rate (9.7 + 2.9 
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Table 1.—Population Demographics 


Mean No. of Ejection 
Age, No. of Hospital Fraction, 
Group* yr Grafts Days % 


Q-100 
(N = 26) 54.6 3.4 11.2 48 
3.3 


TMO 
(N = 26) 56.2 12.3 45 


*Groups are those using the oxygenators known as model Q-100, 
Bentley Laboratories Inc, Irvine, Calif, and the Travenol Membrane 
Oxygenator (TMO), Travenol Laboratories Inc, Deerfield, IIl. 





140 
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Pre-Op Immediate PO. ro 


Post-Op ] 


Comparison of extubation arterial blood gas in model Q-100, 
Bentley Laboratories Inc, Irvine, Calif, and Travenol Membrane 
Oxygenator (TMO), Travenol Laboratories Inc, Deerfield, Ill, 
groups. PO 1 and PO 2 indicate postoperative days 1 and 2; Po, 
was measured in mm Hg. 


L/min/sq m) (P < .001) was required in the Q-100 group 
for adequate ABG volume intraoperatively. The Po, levels 
during CPB were similar for both the TMO group (200+ 83 
mm Hg) and the Q-100 group (154-30 mm Hg) (Ta- 
ble 2). 

In the immediate postoperative period, both groups had 
comparable lung function test results, and extubation was 
accomplished in all patients within eight hours of surgery. 
Evaluation of serial ABG values showed no differences in 
postoperative Po, (Fig 1), and Pco. levels were also simi- 
lar. 

Renal function (creatinine clearance and BUN) wors- 
ened transiently in two patients, but dialysis was not 
necessary. One patient in the Q-100 group had a myocardial 
infaretion documented by new Q waves on ECG, and 
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Table 2.—Cardiopulmonary Bypass Parameters 











Blood Gas 
Flow, Flow, Blood 
L/min/  L/min/ Loss, Po., 
Group* Time, s sqm sqm mL mm Hg 
Q-100 99.3420 4.4-0.5 9.7+2.9+ 335-298 154+30 
TMO 93.4+30 4.8-1.2 5.9+1.7+ 360+219 200+83 





*For explanation of groups, see footnote to Table 1. 


TP — .001. 
Table 3.—Effects on Blood Elements 
Hemoglobin 
or Stel iD ts ees ce 2atients 
Platelets, Plasma, Urine, Transfused, 
Group* % mg/dL mg/L % 
Q-*00 264 51 —- 101 2949 44 
TMO 204 ———— 37:€121 19-8 56 








*For explanation of groups, see footnote to Table 1. 
tP < .801. 


corresponding increase in the creatinine-phošphokin- 
ase-myocardial band (CPK-MB) fraction. Postoperative 
abnormalities on chest roentgenograms (atelectasis, effu- 
sions, or infiltrates) were similar for both groups. 

The postoperative effects on blood elements (Table 3) 
indicated that post-CPB platelet counts were -he same for 
both types of oxygenators, whereas plasma hemoglobin 
levels were significantly elevated (P — .001) in the Q-100 
group. Total blood loss for 48 hours was similer (812 mL vs 
806 mL) although more patients in the TMO group received 
transfusions. However, no difference was evident in the 
total amounts of blood transfused per group. 

There were no deaths in this series, and only one 
instance of transient neurological change seen in both 
groups. One patient in the TMO group Fad a sternal 
infection requiring debridement, which eventually 
healed. 


COMMENT 


The bubble oxygenator developed in the early 1950s and 
subsequently refined during the past 25 years has been the 
standard for oxygenator systems in CPB. The development 
of the membrane-type oxygenator by Kolf et al (1955)? 
and by Clowes and Neville (1958): for clinical use began the 
continuing quest for a more physiologic oxygenator. With 
the introduction of expanded Teflon, a thinner, more 
permeable membrane form became possible, allowing 
greater clinical and physiologic applications to oxygena- 
tion in CPB or extracorporeal membrane systems.*^ 
Several studies'^'" have compared the two types of systems, 
but controversy remains about the best oxygenator avail- 
able for clinical use. 

The membrane-type oxygenator used in this series is a 
microporous, expanded Teflon membrane that allows both 
O. and CO, diffusion for gas transfer. This membrane 
must be precoated during priming with albumin so that 
direct contact between blood and gaseous phases does not 
oceur.'' Control of O, transfer is determined by the shim 
pressure in the membrane, allowing a thinner layer of 
blood and easier O, transfer, whereas CO, elimination 
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varies directly wita the rate of O, flow. Reported advan- 
tages of this type ef system include: minimal blood turbu- 
lence and hemolysis™; less WBC, platelet, and complement 
reduction during C°B"; lower total peripheral resistance"; 
less intraoperative and postoperative blood loss'; improved 

. pulmenary complænce“; and fewer microaggregates 
, during CPB.* However, the majority of these advantages 
are evident in cases requiring longer CPB time. 

Cri-ies of tne membrane systems point out that the 
primiag volumes are usually higher than the bubble-type 
systems (2,200 mL. vs 1,800 mL) and that the membrane 
system takes lenge- to set up (nine minutes). Also, the cost 
per umit is greater $63), and it is considered mechanically 
more complicated. With the TMO system, separate venous 
and a-terial pump reads are used, providing a potentially 
greater chance fer perfusion error. This theoretical possi- 
bility has not been-evident clinically in our practice. 

The results cf eu~ series corroborate many findings seen 
by others. Adequate and safe oxygenation is possible with 
both “he TMO anc Q-100 systems. No significant differ- 
ences were present in most clinical measurements, includ- 
ing renal function myocardial infarction rate, CPK-MB 
enzyme elevation, c7 postoperative ABG value. Hematolog- 
ical data was simiar to other series, for the membrane 
group had signifmantly less (P < .001) hemolysis as 
depicted by serum hemoglobin. Platelet counts tended to 
be higher in the THO group, but no significant difference 
was seen (P > .05). 

The Q-100 system used in this series requires higher 
rates ef gas flow than other bubble-type oxygenators. This 
higher gas flow rate may create more blood turbulence and 
account for the mereased blood element breakdown. 
Certainly, other factors are involved in hemolysis, but 
cannu a size, pericardial suctioning, and pump-head occlu- 
sion were similar fœ both groups. The mean time used was 
shor: (96 minutes, and this factor may be the most 
important in redueng the differences between the two 
systems. In series with longer CPB time (> two hours), the 
membrane oxygenacor seems to have more definite clinical 
advan.ages. 

We conclude tha* the TMO and Q-100 oxygenators are 
comparable in botë safety and oxygenation capabilities 
during use in a short period for CPB. However, the TMO 
has less blood traama and hemolysis, and it may be 
preferable for cases in which long periods of CPB are 
anticipated. 
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Discussion 


KARL E. KARLSON, MD, Providence, Rhode Island: It is apparent 


that most of the variables measured during conduct of clinical 
perfusion show only a small difference between bubble and 
membrane oxygenators, at least after short perfusions. One of the 
reasons that the difference has become apparent after long 
perfusions is that bubblers produce more and larger microemboli 
than membranes. Our studies with the ultrasonic detection of 
microemboli show that bubble oxygenators produce manyfold 
more microemboli than membrane oxygenators, most of these 
being gas emboli. Arterial blood filtration is essential when 
perfusing with a bubble oxygenator, and the filter will remove 
nearly all large gas and solid emboli, that is, those more than 60 y. 
in diameter. But downstream of the filter in the arterial line, large 
numbers of smaller emboli, both gas and solid, persist throughout 
the course of perfusion. On the other hand, membrane oxygena- 
tors produce many fewer microemboli. Only a small fraction of 
these are more than 60 u in diameter, and most of the emboli are 
solid, that is, fibrin and cell aggregates. An arterial line filter is 
useful when perfusing with membranes only for the first few 
minutes of perfusion with a membrane. After that, the filter does 


not reduce these low emboli counts further and acts only asa — 


safety gas trap in case of inadvertent introduction of air into the 
circuit. 

Perhaps this phenomenon of less cumulative embolization is one 
real advantage of membrane oxygenators. Embolization may 
result in increased total peripheral resistance, decrease in left 
ventricular compliance, and aberrations in mental status and lung 
status during perfusion with bubble oxygenators. 

For optimal results, particularly in long perfusions, membrane 
oxygenators yield superior results, and that is my opinion. 

Dn Hicks: Dr DeWall certainly has been one of the proponents 
of bubble oxygenation since its inception owing to his work in this 
field with Dr Lillihei. I certainly would like to thank Dr Karlson 
for his remarks, and hi$ work in the field of oxygenators has 
certainly been noteworthy. Dr Karlson, we do not routinely use 
indwelling arterial filters. Although we do use filters on the 
venous cardiotomy, we did not use them on either system, at least 
in this study. 

Oxygenators of both types continue to need improvement and 
refinement, for the future scope of oxygenation continues to 
enlarge. Cardiopulmonary bypass will remain an important func- 
tion of oxygenators, but the need for long-term support in 
respiratory distress or as an adjunct to lung transplantation or 
even as a possible transplantable mechanical lung make research 
and development critical for further advances in this rapidly 
expanding field. 
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(diazepam) « 


can help the surgical patient 
every step of the way 


Please consult complete product information, a 
summary of which follows: 

Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 
factors; psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, depressive 
symptoms or agitation; symptomatic relief of 
acute agitation, tremor, impending or acute de- 
lirium tremens and hallucinosis due to acute 
alcohol withdrawal; adjunctively in: relief of 
skeletal muscle spasm due to reflex spasm to 
local pathology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man syndrome; 
tetanus; status epilepticus, severe recurrent sei- 
zures; adjunctively in anxiety, tension or acute 
Stress reactions prior to endoscopic/surgical pro- 
cedures; cardioversion. 

Contraindications: Hypersensitivity; acute narrow 


angle glaucoma; may be used in patients with 


open angle glaucoma receiving appropriate 
therapy. 

Warnings: 7o reduce the possibility of venous 
thrombosis, phlebitis, local irritation, swelling, 
and, rarely, vascular impairment when used l.V.: 
inject slowly, taking at least one minute for each 5 
mg (1 ml) given; do not use small veins, i.e., dor- 
sum of hand or wrist; use extreme care to avoid 
intra-arterial administration or extravasation. Do 
not mix or dilute Valium with other solutions or 
drugs in syringe or infusion flask. If it is not feasi- 
ble to administer Valium directly I.V., it may be 
injected slowly through the infusion tubing as 
close as possible to the vein insertion. 

Administer with extreme care to elderly, very ill, 
those with limited pulmonary reserve because of 
possibility of apnea and/or cardiac arrest; con- 
comitant use of barbiturates, alcohol or other 
CNS depressants increases depression with in- 
creased risk of apnea; have resuscitative facilities 
available. When used with narcotic analgesic, 
eliminate or reduce narcotic dosage at least 1⁄3, 
administer in small increments. Should not be 
administered to patients in shock, coma, acute 
alcoholic intoxication with depression of vital 
signs. As with most CNS-acting drugs, caution 
against hazardous occupations requiring com- 
plete mental alertness (e.g., operating machinery, 
driving). 

Has precipitated tonic status epilepticus in pa- 
tients treated for petit mal status or petit mal var- 
iant status. 

Withdrawal symptoms (similar to those with bar- 
biturates, alcohol) have occurred following abrupt 
discontinuance (convulsions, tremor, abdomi- 
nal/muscle cramps, vomiting, sweating). Keep 
addiction-prone individuals under careful surveil- 
lance because of predisposition to habituation/ 
dependence. 


Usage in Pregnancy: Use of minor tran- 
quilizers during first trimester should al- 
most always be avoided because of in- 
creased risk of congenital malformations 
as suggested in several studies. Consider 
possibility of pregnancy when instituting 
therapy; advise patients to discuss therapy 
if they intend to or do become pregnant. 







Not recommended for OB use. 


Efficacy/safety not established in necnates (age 
30 days or less); prolonged CNS depression ob- 
served. In children, give slowly (up to 0.25 mg/kg 
over 3 minutes) to avoid apnea or prdonged 
somnolence; can be repeated after 15 to 30 min- 
utes. If no relief after third administration, appro- 
priate adjunctive therapy is recommended. 


Precautions: Although promptly controlled, sei- 
zures may return; readminister if necessary; not 
recommended for long-term mainterance 
therapy. 

If combined with other psychotropics or anticon- 
vulsants, carefully consider individua: phar- 
macologic effects—particularly with known com- 
pounds which may potentiate action of Valium 
(diazepam), i.e., phenothiazines, narcotics, bar- 
biturates, MAO inhibitors, antidepressants. Pro- 
tective measures indicated in highly anxious pa- 
tients with accompanying depression who may 
have suicidal tendencies. Observe usual precau- 
tions in impaired hepatic function; avoid accumu- 
lation in patients with compromised kidney func- 
tion. Laryngospasm/increased cough reflex are 
possible during peroral endoscopic procedures: 
use topical anesthetic, have necessary coun- 
termeasures available. Hypotension cr muscular 
weakness possible, particularly wher used with 
narcotics, barbiturates or alcohol. Use lower 
doses (2 to 5 mg) for elderly/debilitated. 

Adverse Reactions: Drowsiness, fatigue, ataxia, 
venous thrombosis/phlebitis at injecton site, con- 
fusion, depression, dysarthria, headache, 
hypoactivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, 
changes in libido, urinary retention, bradycardia, 
cardiovascular collapse, hypotensior, blurred 
vision, diplopia, nystagmus, urticaria. skin rash, 
hiccups, changes in salivation, neutropenia, 
jaundice. Paradoxical reactions sucF as acute 
hyperexcited states, anxiety, hallucinations, in- 
creased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; 
should these occur, discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, 
laryngospasm/pain in throat and chest have been 
reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic 
blood counts, liver function tests advesable during 
long-term therapy. Minor EEG changes, usually 
low-voltage fast activity of no known significance. 
Dosage: Usual initial dose in older children and 
adults is 2 to 20 mg I.M. or I.V., depending on 
indication and severity. Larger doses may be re- 
quired in some conditions (tetanus). In acute 
conditions injection may be repeatec within 1 
hour, although interval of 3 to 4 hours is usually 
satisfactory Lower doses (usually 2 t 5 mg) with 
slow dosage increase for elderly or debilitated pa- 
tients and when sedative drugs are added. (See 
Warnings and Adverse Reactions.) 

For dosages in infants and children see below; 
have resuscitative facilities available. 

I.M. use: by deep injection into the muscle. 

IV. use: inject slowly, take at least on2 minute for 
each 5 mg (1 ml) given. Do not use small veins, 


O promptly controls anxiety/ 
tension before and after surgery 


L1 diminishes pain-related anxiety 


o narcotic analgesic dosage can 
and should be reduced 
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tions or drugs in syringe or infusion flask. If it is 
not feasible to administer Valium (d'azepam) di- 
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possibility of residual active metabdites. Use cau- 
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In endoscopic procedures, titrate 1.. dosage to 
desired sedative response, generally 10 mg or 
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used, 5 to 10 mg I.M. approximatelv 30 minutes 
prior to procedure. As preoperative medication, 
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oral form if further treatment is required. 
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* This report desciibes a 24-month follow-up in 100 consecu- 
tive polytetrafluoroeshylene (PTFE) arterial grafts. Although 
initial results were Superb, a continued follow-up has showed 
extremely high closure rates for femoropopliteal and femorotib- 
ial grafts. The primary reason for this high attrition rate is thought 
to be stasis. We believe that PTFE is clearly the best synthetic 
arterial replacemen: available, but the material does not 
approach the autogesous saphenous vein in terms of long-term 
patency. Therefore, im spite of its many advantages, we do not 
recommend the elective use of PTFE for peripheral small-vessel 
bypass. 

(Arca Surg 114:12€1-1294, 1979) 


T he vascular suæeon has been inundated with literally 
dozens of arterial substitutes during the past 2% 
decades. Glowing caims have been made for each of these 
materials, but only Dacron and Teflon have survived and 
are widely used today. Currently, several new materials 
have arrived on the scene, one of the latest of which is 
polyzetrafluoroethysene (PTFE). This material, which was 
first used clinically as a venous substitute by Soyer’ in 
1972, is now being widely used as a vascular conduit. 
Excellent short-term patency has been reported by Camp- 
bell et al,** F. J. Veith, MD (oral communication, May 30, 
1979), and others whereas less enthusiastic results are 
described by Johnson. The purpose of this report is to 
describe our experinee with 100 PTFE grafts that have 
been inserted for zrterial replacement or reconstruction 
with a follow-up ef at least 24 months. The chemical 
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composition and mechanical properties of PTFE have been 
described. Experimentally, the material has been claimed 
to achieve cellular incorporation by fibrous tissue.* It has 
been claimed that a smooth, glistening neointima is 
formed uniformly along the length of the graft and across 
the suture line. This material is stable in steam or gas 
autoclaving, and because of its relative nonporosity, no 
preclotting is required, even in the heparinized patient. 
Mechanical complieations related to failure of the graft 
material are rare and have been reported for PTFE 
produced by only one manufacturer.** This material is easy 
to handle, is chemically inert with no known biologieal 
deterioration, and certainly has many desirable qualities of 
the ideal arterial substitute. 


MATERIALS AND METHODS 


We have had the opportunity to follow up 100 PTFE grafts 
placed in 90 patients. A total of 36 grafts were in intracavitary 
positions, and 64 were placed in extracavitary positions (distal to 
common femoral artery). Of the intracavitary grafts, 17 were in 
children and were used for long coarctation repairs, interrupted 
aortic arch reconstruction, and systemic to pulmonary artery 
shunts. The extracavitary grafts were used for reconstruction of 
atherosclerotic lesions. Five grafts were used for femorotibial 
bypasses, whereas the remaining 59 grafts were used for femoro- 
popliteal reconstruetions. Each patient has been followed up for at 
least 24 months. Of the extracavitary grafts, the vast majority 
were used in patients with perviously failed femoropopliteal 
autogenous venous reconstruction or various other reasons that 
dictated the use of synthetic grafts. It has been our practice that 
elective peripheral arterial reconstruction is best performed with 
an autogenous saphenous vein when that structure is available. 
Therefore, the patients in this report are somewhat selected and, 
in general, are patients with somewhat more advanced disease. 
The grafts used for systemic to pulmonary artery shunts were 5 
mm in diameter. The remainder of the intracavitary grafts were 8 
mm, with the exception of one 12-mm graft used to reconstruct the 
aortic arch in a 2-year-old child. The grafts used for peripheral 
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reconstruction varied from 5 mm for tibial bypass to 8 mm for 
femoropopliteal bypass. Nonabsorbable suture material was used 
for all anastomoses and no postoperative anticoagulation was 
used. 

This is a consecutive series of patients and the follow-up has 
been complete. Postoperative evaluation has included arterio- 
grams of 51 grafts, pulse volume recordings of 58 grafts and 
angiocardiography of seven. Five patients with closed grafts died 
during the follow-up period. There were no operative deaths and 
the only graft complication has been closure. 


RESULTS 


Of the initial 100 grafts, there were four immediate 
failures (Fig 1) Of the 96 patent grafts in patients 
discharged from the hospital, there were only four closures 
during *he first six months of follow-up. During the second 
six months, 12 more closures occurred; an additional ten 
grafts closed during the third six-month period; and 22 
grafts failed during the fourth six-month period. Twelve of 
the extracavitary grafts that failed were successfully 
thrombectomized at least one time. 

If you break down this group into intracavitary and 
extracavitary grafts, you find that only five of the 35 
intracavitary grafts failed during the entire 24 months. 
These five failures were all cross-pelvic grafts used to 
reconstruct common or external iliac arterial occlusions 
(Fig 2 and 3). In the intracavitary graft group, 47 of 65 
grafts failed during a two-year period. 


COMMENT 


The reasons for a high closure rate of any of the 
synthetic materials is not clearly understood. There seem, 
however, to be a number of factors that mitigate against 
prolonged patency in small-vessel reconstructions. Certain- 
ly, one of the most important is stasis. When you anasto- 
mose a 6- or 8-mm graft to a 1- or 2-mm distal lumen, stasis 
within the synthetic graft is inherent in such a system. 
Thrombogenic characteristics of the neointima of any of 
the synthetic materials are poorly understood phenomena 
but must contribute something to the high failure rate. 
Intimal proliferation at the suture line has been incrimi- 
nated as a factor leading to graft closure, as have kinking 
and compression of the graft. Even long-term anticoagula- 
tion has been shown to be a poorly protective adjunct in the 
management of peripheral synthetic grafts. It is doubtful 
that aspirin or other similar substances would have 
substantial effect on the results or peripheral grafting. 
There are, obviously, multiple factors that determine the 
length of patency of a peripheral arterial reconstruction, 
but the one outstanding factor that must play a dominant 
role is that of stasis. Our experience suggests that when 
PTFE is placed in an intracavitary position where the 
hemodynamics are such that there are high arterial flows, 
then long-term patency can be expected even in small- 
diameter grafts. There are obvious major differences 
between the intracavitary and extracavitary groups of 
grafts. The intracavitary grafts are by and large much 
shorter. Many of the patients have congenital lesions as 
opposed to arteriosclerotic occlusive lesions, and the ages of 
the patients tend to be younger. The rate of blood flow 
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Fig 1.—Attrition ratio of entire series. Only 48 grafts remain patent 
at 24 months. 
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Fig 2.—Attrition ratio of intracavitary grafts. There are only five 
failures in entire 24 months. 


through the graft, however, is we believe the major factor 
in the nigh patency rate observed in the intracavitary 
grafts. A normal superficial femoral artery will have a 
substantially higher blood flow rate when compared with 
any synthetic graft bridging the femoropopliteal segment 
owing to the fact that the only runoff vessel from the 
synthet.c graft is the distal vessel. Therefore, a synthetic 
graft, the same diameter as the host artery that it replaces, 
must hzve notable stasis inherent within the hemodynam- 
ies of the system. However, because most gra*ts used to 
bypass diseased segments are much larger thzn the host 
artery that they replace, stasis must be the majer factor in 
the observed high closure rate of these arterial substitutes 
(Fig 4). 

The 5bservation that a recently thrombosed arterial 
graft czn be restored to function by simple thrombectomy 
reinforees the concept that graft failure must, in the 
majority of cases, be related to stasis. Also, progressive 
occlusive disease of the runoff bed will itself produce stasis 
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Fig 3.—Failure rateof extracavitary grafts. At 24 months, 18 (2996) 
remain patent. 





Fig 4.—Femoral arteriogram of 8-mm PTFE femoropopliteal graft 
shows that 30 seconds after exposure on left, graft remains filled 
with contrast long after profunda system has cleared. 


within th» graft, but it has been our observation that many 
of the failed synthetic grafts have no substantial increase 
in the outflow tract obstruction at the time of graft failure. 
Many of the patients in this series had perviously failed 
saphenous vein grafts. 

If, indeed, stasis is the predominant factor leading to 
failure of PTFE and other synthetic grafts, then what can 
be done -o minimize stasis? The smaller the graft, the 
greater is the rate of flow in a steady state system. This is 
true, however, only up unti! that point when the diameter 
of the graft reaches a certain critical stage. At that 
diameter, and this varies for every hemodynamic situation, 
the graft itself becomes a source of obstruction owing to 
the increased resistance of the small lumen. Length is also 
important beeause as the length of a graft is increased, 
resistanee to flow is increased. The concept of tapering a 
graft so that the proximal end is of greater diameter than 
the distal 2nd certainly creates stasis, as everyone who has 
tried to pour gasoline through a funnel knows. Also, any 
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neointima that forms will narrow the lumen, and depend- 
ing on the size of the graft, it may create either advanta- 
geous or disadvantageous effects on arterial flow. 

The results of peripheral arterial surgery reported by 
many surgeons using the autogenous saphenous vein are 
notably better than those achieved with any synthetic 
arterial substitute. The autogenous saphenous venous 
femoropopliteal bypass also has no runoff other than the 
terminal anastomotic one and, therefore, some relative 
stasis must be present even in this system. However, most 
saphenous veins, at least over the majority of their length, 
are no greater in diameter than the host superficial 
femoral artery and are usually smaller. Also, the viable 
venous endothelium does not introduce a foreign substance 
to the bloodstream and may well contribute heparin-like 
substances to the blood. 

Therefore, on the basis of our experience, we think that 
PTFE offers decided advantages over other available 
synthetic graft materials when used in situations asso- 
ciated with high blood flows. However, when used for 
small-vessel bypass, stasis produced by relatively low flows 
and high resistance will lead to unacceptably high closure 
rates. At the present time, there is no suitable substitute 
for the autogenous saphenous vein for elective coronary 


. bypass, femoropopliteal bypass, and other similar proce- 


dures. 
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Discussion 


FRANK J. VeITH, MD, New York: I agree with Dr Stansel that 
PTFE is not magic, that it will not work universally or if 
inappropriately used, and that autologous saphenous vein still 
should be considered the standard graft for use below the inguinal 
ligament. I also believe that the final answer concerning PTFE 
grafts is not known and will not be known until appropriate, 
prospective, randomized control studies that have now been 
started are complete. 

At last year’s meeting, we presented results with PTFE grafts 
in axillopopliteal bypasses and bypasses to small arteries in the 
ankle and foot. We have also presented early data suggesting that 
femoropopliteal bypass results with PTFE were promising. 

In the perspective of Dr Stansel’s fine presentation, it may be of 
interest to give our updated results with PTFE grafts in the 
femoropopliteal position and in the two new approaches we 
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outlined last year. We have life-table patency rates for PTFE 
femoropopliteal bypasses. A total of 95 patients have now been 
followed up for one year, and 31 have been followed up for two 
years so that midterm results up to two to three years are starting 
to be meaningful. Patency rates at one year are 80%, and at two 
years, they are 77%. Closures after 18 months have not been 
common. However, the number of cases followed up for two years 
is still small, and there is a need for more data and longer 
follow-up. Moreover, about 15% of the patent grafts required an 
early or late reoperation to maintain these high levels of patency. 
In this regard, I would like to ask Dr Stansel how he manages 
failed grafts? 

Substantial numbers of patients with axillopopliteal bypasses 
and small-artery bypasses have now been followed up for one year 
and some for two years. Of 30 PTFE grafts to the ankle or foot 
observed for one year, 15 or 50% are patent. Of 13 axillopopliteal 
grafts observed for one year, 9 or 69% are patent. Obviously, 
greater numbers and longer follow-up are needed, but we continue 
to be cautiously optimistie about the use of this graft in these new 
procedures when other options are not available to salvage 
limbs. 

LANCE I. Rav, MD, Seattle: The results reported by the authors 
closely parallel those found by Dr David Kenney at the Recon- 
structive Cardiovascular Research Center International in Seattle 
during the past two years in comparing the relative thromboge- 
nicity of the PTFE and noncrimped, filamentous Dacron flow 
surfaces. In biologic evaluations involving acute six-hour studies 


and chronic implantations in both canine carotid and coronary ` 


arteries, the PTFE has proved to be inferior in its surface 
characteristics and patency rates to the noncrimped Dacron flow 
surface. 

This new prosthesis, which has been developed by USCI, consists 
of a noncrimped flow surface with an external support of polypro- 
pylene that has been heat-fused to the external surface of the 
graft. The proximal 20 em of this graft have a crimped section to 
allow for individual adjustments in length. 

This external polypropylene support renders this graft both 
kink- and compression-resistant, and it is shown in this femorotib- 
ial graft. With the knee bent at 90°, it shows the graft conforming 
gently to the curve of the leg. 

The operative arteriogram of this patient shows the graft 
traversing the knee joint with no evidence of kinking whatso- 
ever. 
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The current results of this graft at 11 months with 88% patency 
of the 29 grafts now implanted are too early for us to make any 
definitive statements about its ultimate value. However, we plan 
to report our two-year follow-up on these same 29 patients next 
year, and at that time, we should be able to make some realistic 
judgments about the relative merit of this noncrimped, externally 
supported filamentous Dacron prosthesis. 

RowarLD J. BAIRD, MD, Toronto: I congratulate Dr Stansel and 
his colleagues on this straightforward and timely report. It is only 
by factual reports such as this that we will be able to define the 
true role of the new prostheses that have been designed for 
small-vessel repair. 

It is in this spirit that I thought you might be interested in the 
experience of Dr Wayne Johnson and myself with 7: patients who 
have recieved the Dardik human umbilical vein graft in Toronto. 
The 100% follow-up on these patients was done by Dr David 
Drezner of Hartford, Conn, and Dr T. K. Oates of Rochester, 


NY. 


We first used the graft in November of 1976, so our longest 
follow-up is 31 months. Mean follow-up is 17 months. More than 
70% ef the operations were for limb salvage and more than 60% of 
our patients have had previous vascular surgery on the same 
limb. 

From life-table analysis, our results are as follows: in the 
femoropopliteal bypass, 82% were patent at discharge; and at one 
year, 55% were patent. In femorotibial bypass, 70% were patent at 
discharge and 45% were patent at one year. There have been few 
failures between the first and second years. In this analysis, any 
graft requiring a thrombectomy was considered a failure. 

We have concluded the following: that the autegenous saphe- 
nous vein still remains the conduit of choice whenever it is 
available; that the use of the human umbilical vein is technically 
more complicated than the PTFE prosthesis, but in our hands, the 
results in patients with poor outflow tracts are better; and that 
although the results are encouraging, a longer follow-up is neces- 
sary to accurately define the role of this prosthesis. 

Dr STANSEL: Dr Veith, the maneuvers that we nave used with 
failed grafts have been simple thrombectomy. We have not 
enceuntered the intimal hyperplasia of the suture line that other 
people have described. 

I think in summary we can all agree that PTFE is certainly an 
adjunct that is useful but that there is nothing so far that can 
repiace the autogenous saphenous vein. 
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Dilation of Synthetic Grafts and 


Junctional Aneurysms 


Geun-Eun-Kim, MD; Anthony M. Imparato, MD; Ira Nathan, PhD; Thomas S. Files, MD 


* Dilation of prosthetic graft has been noted by authors in 
association with junctional aneurysm between the synthetic graft 
and host arteries. Dilation of graft materials was suspected as 
one of the etiologic factors of the junctional aneurysm. Increase 
in transverse diameter was observed as early as a few minutes to 
five years postimplantation in clinical cases. The phenomenon of 
dilation was studied experimentally. Nine different types of graft 
materials were tested using intraluminal pulse pressure of 
100/60 mm Hg, and the transverse diameters were measured at 
various time intervals. Knitted grafts showed the more 
pronounced changes compared with the woven. Degree of 
dilation differed considerably among the different types of knit- 
ted grafts. 

(Arch Surg 114:1296-1303, 1979) 


Ed formation at the junction of synthetic arte- 
rial grafts and host arteries has puzzled vascular 
surgeons for many years. The phenomenon is most 
frequently observed at the femoral area'^ where its inci- 
dence has been reported to be as high as 23.795 The two 
most commonly cited etiologic factors are subclinical infec- 
tion in groin wounds and disintegration of silk suture 
material when used to perform the anastomoses. Despite 
prophylactic antibiotics and nonbiodegradable synthetic 
suture materials, false aneurysms continue to appear. 
Other evidence suggesting a noninfectious etiology is the 
frequent failure to obtain a positive culture at the time of 
aneurysmal repair.* 

It has been our experience that severe dilation of 
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synthetie grafts is found in association with junctional 
aneurysms, suggesting a causal relationship. Five cases 
selected from our experience with this problem are 
presented. 


REPORT OF CASES 


Case 1.—A 73-year-old hypertensive woman underwent elective 
replacement of a 10-em infrarenal abdominal aortic aneurysm and 
both common iliac arteries in June 1972 with a 24 x 12-:mm 
bifureatec knitted Dacron graft from United States Catheters & 
Instruments (USCI), Division of C. R. Bard Inc. Three years later, 
she had a ower abdominal pulsatile mass. An arteriogram showed 
the aortic portion of the graft to be dilated to 55 mm (Fig 1). At 
operation. there was a cystic mass that contained sterile turbid 
fluid. The zraft lumen did not communicate with the cyst. The cyst 
was removed and the graft was covered with omentum after all 
suture lines were examined and found to be intact. 

Eight months later, exploratory surgery for the source of 
abdomina pain indicated a greatly dilated graft, with an intralu- 
minal organized thrombus and a false aneurysm at the aortic 
anastomosis. Although all of the Teflon (Tevdek) sutures were 
intact, disruption of iliac anastomoses were also noted. The 
prosthesis was replaced with a woven Dacron graft. 

Case 2.—A 69-year-old man admitted in August 1972 for 
progressive claudication was found to have a 6-cm abdominal 
aortic anearysm and occlusive disease of the ileofemoral arteries. 
A knitted Dacron bifurcation graft (22 x 11 em) from Meadox 
Medicals was placed from the immediate infrarenal aerta to the 
left common iliac artery and to the right common femoral artery 
where encarterectomy was performed to facilitate suturing. 

After 36 hours, the left limb occluded and a second procedure 
consisting of a graft from the side of the aortic graft to the 
endartereetomized left profunda femoris was performed. At the 
time of tne second operation, 40% dilation of the transverse 
diameter of the original graft was noted, which now measured 
31 x 14.5 mm in diameter. 

Case 3.—A 47-year-old male diabetic, hypertensive with two 
block inte-mittent claudication had acute ischemia of the lower 
extremities in August of 1971. An aortobifemoral bypass was 
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performed using an 18 x 9.5-mm USCI knitted Dacron bifurca- 
tion greft. Four years later, he was studied angiographically for 
acute ishemia of the left leg, and he was found to have a dilated 
right limb of the graft and an occluded left limb (Fig 2). At 
surgery. the Dacren graft was noted to be markedly dilated. There 
were bilateral junctional femoral aneurysms and intraluminal 
laminated thromous. The aneurysms were repaired with vein 
patches followed 3y femorofemoral bypass (Fig 3). Cultures were 
negativ». 

Case 4.—A 71-year-old woman who had undergone a femoropop- 
liteal bypass gra-t at another hospital for intermittent claudica- 
tion was admittec in 1971 with aeute onset of ischemic pain of the 
right leg. Arteriegraphy showed severe aortoiliac stenosis with 
complete occlusioa of the right common femoral artery and of the 
femoro»opliteal bypass. She underwent an aortobifemoral bypass 
using a knitted Bacron graft. After a complicated postoperative 
course, owing to intestinal obstruction and an ischemic stroke, she 
recovered and wzs discharged with a functioning graft. 

The next year,she was readmitted for bilateral femoral artery 
aneurysms confirmed by angiography that also showed severe 
dilatior of the Dzeron graft. The femoral aneurysms were individ- 
ually repaired wi-hin à two-week interval. The removed graft and 
aneurysm were -ompared with a matching-size new graft that 
showec more than 50% dilation of the transverse diameter (Fig 4 
and &). 

Case 5.-In B75, a 64-year-old, obese diabetic man with 
gangrene and infection of the right lower extremity underwent an 
aorto-zight-femeral bypass graft and a thromboendarterectomy 
of the eommon femoral, profunda femoris, superficial femoral, and 
popliteal arteries, with roof-patch angioplasty of the profunda and 
commen femoral arteries. The plastie prosthesis was inserted into 
the vein roof pat-h on the common femoral artery. The foot healed 
and no aneurysms were noted during follow-up visits for the next 
four years. 

In May of 1976 after unusual exertion, he experienced pain and 
a mass in the rignt groin. On arrival at the hospital, he was found 
to have a 15cm, pulsating mass in the right groin and lower 
abdomen that proved to be a ruptured junctional aneurysm with 
surrounding hematoma. Intact Dacron sutures were found along 
the cirzumferen«e of the plastic prosthesis. The posterior wall of 
the sammon femoral artery where endarterectomy had been 
performed was relatively uninvolved whereas the remainder of the 
femoral arteria wall and vein patch had undergone notable 
dilation. The presthetic graft was dilated by 50%. 


Experience with the clinical cases presented suggested 
that graft diation might occur relatively early after 
implantation. Although intraoperative dilation and loss of 
crimp of the >rosthesis had been noted in the operating 
room the magnitude of the change was not appreciated 
until intraoperative measurements of the prostheses were 
obtained after restoration of flow. Table 1 gives the 
degrees of dilation of USCI knitted and woven prostheses 
placed consecrtively. Knitted prostheses regularly dilated 
from 10% to 30% of measured preoperative and external 
diameters. Woven prostheses dilated to a lesser extent 
(13.6%) or not at all. Late dilation of knitted prostheses, 
however, was as much as 150% or a 55-mm internal 
diameter for “hose originally with a 22-mm internal diam- 
eter. 

It was appzrent, then, that dilation of grafts might be 
progressive. Co study this phenomenon, two procedures 
were used to stress grafts using static as well as dynamic 
pressure appication to simulate the repetitive pressure 
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variations that occur in the arterial system. The experi- 
mental in vitro procedures are described. 


METHODS 


Sample test specimens were obtained from commercially avail- : 
able packaged vascular prostheses nominally 10 mm in internal 
diameter, except for the Gore Tex graft (W. L. Gore & Associates, 
Inc), which was 6 mm. Each specimen was stretched longitudinally 
with a 0.5-kg tensile load, and a 15-cm length was excised. Table 2 
identifies the specimens and includes pertinent dimensions. To 
seal the specimens, each of which was variably porous, from radial 
leakage, liners were fabricated by dipping a cylindrical mandrel 
into a pure latex formulation. Each liner had a nominal lumen of 
15.5 mm, a thickness of 0.1 mm, and a length of 15 em. After 
curing, the liner was washed to remove surface abrasives and was 
placed inside the specimen prosthesis. With dimensions larger 
than the prosthesis into which it was placed, each liner freely 
expanded against the prosthetic wall; and because of its own high 
distensibility, it caused unimportant changes in the compliance of 
the test specimen under load. The composite of liner and prosthe- 
sis was mounted at each end over plastic tubing, and the tubing 
and specimen were suspended in an immersion tray in which one 
end of the specimen was restrained and the other end was free to 
move longitudinally. Figure 6 illustrates the mounted specimen. 

A test circuit was assembled in which as many as eight 
specimens could be simultaneously tested. The circuit was supplied 
by a pulsatile pump whose discharge was manifolded to all of the 
specimens. From the specimens, the flows were reunited into a 
common elevated reservoir that, in turn, supplied the pump. 
Strokes per minute, stroke volume, and systole-diastole phase 
duration were independently adjustable at the pump. These were 
set for symmetric (systolic time equal to diastolic time) 80 beats 
per minute. Diastolic pressure was adjusted by changing the 
height of the elevated reservoir, and systolic pressure was 
adjusted by changing the pump’s stroke volume. Because flow 
rates varied through specimens and altered the individual pres- 
sure drops and systolic pressures, hosecock clamps were mounted 
on the discharge lines and were adjusted to produce uniform 
systoles measured at the discharge end of each specimen. Pres- 
sures of 180/60 mm Hg were maintained and checked during the 
experiment. Ordinary tap water was circulated since it was not in 
intimate contact with the prostheses, but the immersion trays 
were filled with isotonic sodium chloride irrigation. 

After initial measurements and mounting, the prostheses were 
statically pressurized to 30 mm Hg, 60 mm Hg, and 180 mm Hg, 
and outside diameters (ODs) were measured. Then pulsatile flow 
commenced, and the specimens could be observed to cyclically 
dilate and elongate. Periodically, the pump was stopped and ODs 
were measured at a pressure of 160 mm Hg. All ODs were 
measured with a vernier caliper that could be read to within 0.1 
mm. Immersion trays were drained to minimize optical distortions 
during readings. Three of the prostheses were examined by 
scanning electron microscopy after having been tested in the pulse 
duplicator. 


RESULTS 


The prostheses that were tested and their dimensions 
are listed in Table 2. The initial readings of prosthetic 
diameters under increasing static pressure are given in 
Table 3. Note that all prostheses showed small increases 
under static pressure except No. 6, a weaveknit, high- 
porosity prosthesis, which expanded 29%, to 15 mm from an 
initial diameter of less than 12 mm. The only woven 
prosthesis, No. 2, showed no change at all in diameter. 
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d ry Fig 1.—Dilation of knitted graft from 22/11 
= mm diameter to 55/25 mm, inside diame- 
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Fig 2.—Graft dilation from original 9.5 mm 
internal diameter (ID) to 25 mm ID at right 
| limb and 30 mm ID at graft-host junction. 





Fig 3.—Femorofemoral bypass. 


Fig 4.—Graft-host artery junction open, 
compared with matching-size new graft. 
Rule indicates length in centimeters. 








Fig 5.—Dilated graft compared with new, 
undilated graft. 


Fig 6.—Left and right, Suspended grafts 


for intraluminal pulse pressure experi- 
ment. 





Preimplant Diameter, mm 


Stated 
Size, mm 


Aortoiliac knitted gre'ts of Dacron, USCI 


Aoroiliac woven grafts of Dacron, USCI | 


Tubular kritted gra*s of Dacron, USCI 


Internal 





Postimplant Diameter 
(External), mm 
Dilation, 
5-10 min 40-60 min (96)? Late, mm (96)1 
34 x 16 (26) 
30 x 14.5 (11) 
32 x 16 (28) 
35 x 14 (34) 


35 x 16 (34) 


External 


55 (150) 

Jos 55 (150) 

22 x 13 

25 x 12% (13.6) 
14 (40) 


*USCI indicates United States Catheters & Instruments, Division of C. R. Bard Inc. 
TNumbers in parentheses indicate percent of increases of diameters when dilated. 


Dizmetral measurements of prostheses as the experi- 
ment progressed a-e indicated in Fig 7. Prostheses 1 and 2, 
whick were dimensionally more stable than all other units 
tested, were remored after four months, having remained 
substantially smaler than the others, and prostheses 5 was 
installed. 

Hizh, substantial early dilations were observed in units 
5, 6,7, 8, and 9 a ter the first day of pulsatile flow. Note 
thet the dimensions tabulated were measured under a 
pressure ef 60 mm Hg diastolic pressure, but that they 
exceeded the dimensions of the previous day under systolic 
pressure (18€ mm Hg). 

Presthesis 3 exhibited good stability. After dilation to 
125 mm, it remained at that level for more than eight 
morths. The sma variations shown are probably caused by 
errcrs in readings or applications of the calipers. 

Prosthesis 9 dlated moderately on the first day, but it 
. eon.inuec tœdilae throughout the course of testing until at 
the end of six months, it was 16 mm, maintaining that 
diameter for the remaining 2% months of testing. 

Frosthesis 5, after its large initial increase, dilated more 
slowly during ‘he balance of testing and seemed to 
decrease at zhe end of tests. This is believed to be an error 
in readings or dwe to twisting of the specimen in its mount. 
beeause the specimens were not truly round, a slight 
rotation wauld have changed the readings. | 

P?postkbesi 6, after the first day's dilation, continued 
cibting for twc weeks, to a final dimension of less than 15 
mm, where it remained for the balance of the tests. 
Prosthesis 2 kept its dimensions during the entire period of 


testing. The slizht decrease indicated is within the read- 


inz-errer limits 


COMMENT 
Mechanism of Aneurysmal Formation 


The precise mechanism by which aneurysms occur at 
anastomotic junctions between synthetic prostheses and 
host arseries is not clear.’ In our series, examination of the 
s.tes has sowa not only dilation of the prosthesis but even 
greater di ation of host tissues, perhaps two or three times 
greater, vith 10 breakage of Dacron sutures. The dilated 
tissue has been at the anterior and lateral walls of the 
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Table 2.—Relaxed Length of the Prosthesis and Number 
of Corrugation in a Test Specimen 


Measured 
Length With 
0.5-kg No. of Relaxed 
No./Material Used* Load, cm Corrugation Length, cm 


1/PTFE-Gore Tex 15 0 14 


2/Meadox woven 15 12.5 12.6 


Velour 15 35 8.6 
9/Meadox Double 
Velour 8.6 


*PTFE (expanded polytetrafluoroethylene) is manufactured by W. L. 
Gore & Associates, Inc; Meadox woven, Weaveknit, Microvel, and Double - 
Velour by Meadox Medicals; USCI knitted, ultra light, and External Velour 
by United States Catheters & Instruments, Division of C. R. Bard Inc; 
Golaski Milliknit by Golaski Laboratories Inc. 


artery, with frequent maintenance of the integrity of the 
posterior wall. Even when normal vein has been interposed 
between prosthesis and atherosclerotic artery as a vein 
roof patch, which then serves as the site of prosthetic 
anastomosis, junctional aneurysms have occurred. Vein 
roof patches alone in the same areas have rarely had 
aneurysms, suggesting that the plastic prosthesis plays an 
integral role in its development. Widening of the prosthe- 
sis could act in one of two ways to promote aneurysmal 
formation: (1) a pulling action of the suture line produced 
by widening and shortening of the graft’ and/or (2) a 
failure of the dilated prosthesis to absorb the arterial 
pulse-wave results in increased lateral pressure as widen- 
ing oecurs, leading finally to stretching and fibrosis at the 
weakest point near the suture line. The importance of a 
proper ratio between prosthesis and host artery to avoid 
excessive shear has been recognized by Szilagyi^ and 
Kinley et al, who suggested that it might contribute to the 
formation of anastomotic aneurysms. Wesolowski,’ howev- 
er, postulated three mechanisms for failure, including 
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Table 3.—Response of Prosthesis % Static Load 


No./Type of Graft Used 
1/PTFE-Gore Tex 
2/Meadox woven 
3/USCI knitted 
4/Golaski Milliknit 
5/USCI ultralight 
6/Meadox Weaveknit 
7/Meadox Microvel 
8/USCI External Velour 
9/Meadox Double Velour 


Measured 


mm 


DRY O 10 30 90 IIO 130 
DAYS 


widening of the plastic prosthesis because of yarn slippage 
or yarn deterioration, tearing of the host arterial wall, or 
aseptic necrosis of the suture line. 

Since prosthetic failure owing to its dilation seems a 
likely cause, we have studied this process with interest. In 
the clinical situation, dilation occurred immediately, 
although in greatly different degrees, in both the knitted 
and woven prostheses, although to a greater extent in the 
knits. 

From additional reports of failures of vascular pros- 
theses,*^'! it is not possible to determine whether partic- 
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Diameter, mm 
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Stated 


At 30 mm Hg At 60 mm At 130 mm Hg 


Fig 7.—Response of prostheses to 
dynamic loads. Diametral measure- 
ments of prostheses are charted as 
2xperiment progressed. No. 1 is Gore 
Tex (6 mm); No. 2, Meadox woven (10 
nm); No. 3, USCI knitted (10 mm); No. 
4, Golaski Milliknit 40 GA-10 (10 mm); 
Wo. 5, USCI, ultra light (10 mm); No. 6, 
Meadox Weaveknit (10 mm); No. 7, 
Meadox Microvel (10 mm); No. 8, USCI 
External Velour 6040 S (10 mm); No. 9, 
Meadox Velour (11 mm). For complete 
rames of manufacturers, see footnote 
to Table 2. 


LOAD, g 


] 


ELONGATION, percent 


Fig 8.—Load-elongation behavior of 
I80 fibers and recovery interval (from Du 
Pont Technical Information Bulletin X- 
142"*). 


ular prostheses are more prone to be associated with 


anastomotic aneurysms than others, except for the -eport 
by Ottinger et al on ultralight knitted Dacron. It seems 
that for the zast two decades, knitted Dacron has been the 
most frequently used prosthesis, and therefore, reports 
regarding prosthetic failures can most often be expected to 
refer to it. 

The patterns of dilation of prostheses observed in the 
clinical situations suggest that a multiplicity of mecha- 
nisms may oe involved, leading possibly to a biohase 
pattern. Immediate dilation is in part understandable from 
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known properties of individual fibers that are used to 
create yarns that in turn are converted to fabrics by 
weaving cr Fnittng.'*" Tensile stress-strain properties 
determine haw irdividual fibers behave when elongated, 
how they resist elongation or stretching in response to 
loading, and how much work is required for breakage, a 
property known zs toughness. Indeed, in a vascular pros- 
thesis where frequent changes in dimensions occur in 
response to cardisc action, this last property of toughness 
helps to det-rmiae the flex-life-abrasion-resistance and 
shock absorbency of the prosthesis. 

The adced properties of fibers to recover original length 
after stretcl- ng and to resist degradation by heat, light, 
and chem:cas are equally important. These properties of 
individua! fibers ean be notably influenced by a number of 
conditions tkat oecur during the subsequent manufacture 
of prosthese . 

In the stage of manufacture after fiber production, 
namely yarr spirning, fibers may be subjected to "rugged 
treatmen-'"- that may result in deformation and distortion 
of fibers corsistmg of elongation, compression, bending, 
shear, or corabinations thereof. The recovery properties of 
the fibers, whether rapid or slow, will then be reflected in 
the finished knit.ed or woven product. 

Establishing intimate fiber-to-fiber contact, as occurs on 
creating a wover or knitted textile, introduces an addition- 
al set of var-ables in the previously mentioned fiber tensile 
stress-strain properties, which are determined by stretch- 
ing fibers n a single direction. Generally, the tensile 
stress-straia properties deteriorate in varying amounts on 
establishing suca contact.'* On completion of the knitting 
or weaving precess to make the prosthesis, the final 
configuration of crimping is imparted by compression and 
heating that serves to decrease the internal stresses 
created by he newly imposed crimping deformation, thus 
permitting the prosthesis to maintain its new appear- 
ance. 

Details c^ manufacture are not generally available and 
are censid-red to be trade secrets. Nevertheless, it is 
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Fig 9.—Surface scanning electron micros- 
copies of sample specimens subjected to 
pulse testing, showing breakage of fibers. 
> Left, Specimen 6 (original magnification 
x 120). Right, Specimen 2 (original magni- 
fication x 47.5). 


apparent that the construction of a plastic blood vessel 
substitute is highly complex and demanding. Quality 
control becomes of paramount importance. 


Testing of Prostheses 


Static stretching, wherein single, short intraluminal 
pressures are applied, seems to have been the major test 
that manufacturers in general used to test the strength of 
prostheses. Even by this method of testing, as evidenced by 
our static testing, there is some dilation of grafts. This, 
perhaps, in part correlates with the immediate dilation 
noted dinically in our grafts and probably represents 
slippage of yarn, occurring more prominently in the knits 
and less so in the weaves and in fabrics where fibers are 
randomly arranged. In our static tests, dilation averaged 
less than 4%. We did not observe the 50% dilation seen in 
the operating room with the USCI DeBakey knitted pros- 
theses. Indeed, examination of the behavior of ropes made 
of nylen and Dacron" present a somewhat analogous 
situation since additional reports of failures of pros- 
theses*'"'" do not make clear whether there is an initial 
permanent increase in the length of ropes of about 4% 
during the breaking-in period due to compacting of fibers 
within the rope strands. After this initial breaking-in 
period, there may be further lengthening of the rope due to 
fiber elongation, but this is followed by a return to the 
original broken-in length on release of the load, a time- 
related function. Where blood vessel prostheses are 
concerned, this release of load may not be sufficiently long 
to permit recovery of individual fibers, and progressive 
dilation might result. Appreciation of this fact led us to 
investigate the properties of various prostheses with a 
pulse duplicator, repetitively loading and partially unload- 
ing as occurs in the clinical situation. Pulsing is critical 
since the load-elongation behavior of fibers™ is highly 
influenced by the recovery interval after the release of the 
load (Fig 8). The pulse duplicator characterized was inde- 
pendently described by Edwards et al. 

In no instance was there early dilation either on static 


Dilation of Synthetic Grafts—Kim et al 1301 


wu 


- 


eT 


Rts a. 
2i "TU 


UEDPYXJCOCNN-U. Phd y AV. 


——— 


us 


TE T EEE AAT UU 


À 


"e € 


"TR SS 1. ry 
si Fy ey ees 
T 


d n ym mme. = 


testing or on the pulsatile system that matched that which 
we saw and others have reported in the human implanta- 
tion experience when 50% dilation can occur within 
minutes and later dilations up to 150% can occur months or 
years later. Although our static and dynamic testing does 
indicate differences amongst prostheses, it is not possible 
to know how this correlates with clinical observation. 

The electron-microscopic observations (Fig 9) on pros- 
theses subjected to dynamic loading-unloading suggest 
that fiber breakage may contribute to further weakening 
and therefore dilation. Whether suture material plays a 
role as well is uncertain. In retrospect, it seems likely that 
silk sutures ruptured as a result of aneurysmal formation 
rather than being etiologically involved although it is not 
suggested that there be a return to silk suture. Indeed, we 
have encountered unbroken silk sutures in association with 
junctional aneurysms. 

It would seem that testing of arterial prostheses should 
be performed under conditions that more closely simulate 
those encountered in the arterial system. A single stress 
does not seem to accurately reflect the response of pros- 
theses to arterial flow. Neither does the pulse duplicator 
take into account the conditions imposed by exposure to 
body fluids. Specifically, the action of hemoglobin-oxygen 
complexes may be a contributing factor to fiber weaken- 
ing." Animal experimentation, including the extensive 
observations of Sauvage et al'* who studied the interspe- 
cies healing of plastic Dacron prostheses, did not show the 
progressive dilation herein described. Neither did it hint at 
the magnitude of the problem of anastomotic aneurysms as 
reported by some. 
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At present, our own testing program consists ef measur- 
ing prostheses before and immediately after implantation. 
Segments of unused prosthesis from each patient are 
identified and saved for future testing to determine 
whether correlation with progressive dilation car be estab- 
lished. Since there are variations in preferences for pros- 
theses amongst different surgeons, this program is 
suggested as a routine for groups using many prostheses 
thereby establishing characteristics of availeble pros- 
theses, possibly through a central registry. 


CONCLUSION 


When results of observations of the behavior of pros- 
theses immediately on implantation and in response to 
static and dynamic stretching are compared, they show the 
ability of testing to discriminate characteristics of differ- 
ent prostheses although clinical correlations have not been 
established. Dilation is thought to result initially from yarn 
slippage. Late dilation can be explained by the load 
elongation behavior of fibers, there being insufficent time 
for fibers to recover during the cardiac cycle. 

From our experience, we believe that valuable data can 
be collected by the establishment of a prosthesis registry to 
record the behavior of plastic prostheses immediately after 
implantation so that at least outer diameters are recorded 
before implantation and prior to closure of wounds. It is 
further recommended that the fate of individual pros- 
theses also be reported since the effect of body duids on 
the physieal properties of the prostheses is difficult to 
determine experimentally. 
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Discussion 


JAMES J. YASHAR, MD, Providence, RI: Through the Registry of 
the New England Vascular Society, during the last year our 
institution has received 19 Dacron prostheses for analysis of 
structural defects of Dacron fibers. All of these prostheses had 
been removed at reoperation. 

Of the 19, six each had failure of the prosthesis owing to a 
structural defect of the Dacron fiber, and the remaining 13 each 
had varying degrees of degradation of Dacron fiber that were not 
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sufficient to cause failure of the Dacron prosthesis. 

Three each had aneurysmal dilation of the Dacron prosthesis 
and three others each had rupture of the Dacron prosthesis with 
massive upper gastrointestinal (GI) bleeding in two, and a rupture 
with massive retroperitoneal bleeding in one. 

This is one example of massive upper GI bleeding seven years 
after an aortofemoral bypass. Optical stereoscopy mieroscopy 
indicated a dropped stitch in the Dacron prosthesis tha- caused 
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rupture with massive upper GI bleeding. 

This is an example of a patient with aneurysmal dilation of a 
Dacron prosthesis seven years after implantation of femoropopli- 
teal bypass. Opt=al stereoscopy microscopy showed that there is 
separation and rupture of the Dacron fibers. These defects 
occurred as a result of crimping during the preparation of the 
prosthesis. Ther= is cracking and transverse separation of the 
Dacron fiber, æ shewn by electron-microscopic examination. 
Degradation of the Dacron fiber may be due to the material 
manufacturing, surgical implantation, or biochemical changes in 
vivo. 

In summary, | would like to emphasize two points: (1) the need 
of a close follow-up of patients with Dacron prostheses since there 
is evidence of degradation of the Dacron fiber; and (2) the 


importance of aawing a vascular registry to develop a better 


material for vag lar grafting. 
DawigEL B. Nany, MD, Jacksonville, Fla: We, too, have been 
considerably in-erested in this particular subject, and we have 


performed a stily that I thought it appropriate to mention at this 


time. To evaluace postoperative alterations in the size of Dacron 
aortic grafts, ve studied 95 asymptomatic patients selected at 
random who had previously undergone aortic-bifurcation graft- 
ing. All of thee» grafts were knitted fabrication. An ultrasound 
unit was used to measure the internal diameter of the aortic 
portion of the raft. 

At the time «f our study, the patients’ conditions ranged from 
twc weeks to 38 months postoperatively, the average being 33 
months. Hyperension was present in 65% of the patients. In our 
series, the overal average dilation was 17%. The degree of dilation 
in normotensive patients was 15%, compared with 21% in hyper- 
tensive patiens. 

A graphic analysis of this data indicated that dilation of a 
substantial degree occurred in the immediate postoperative period 
and slowly inc»eased with time. Also, the time regression lines for 
both normnotemsiwe and hypertensive patients were almost paral- 
lel. | 
Finally, the mesults of our study seemed to corroborate the 
results of in vēro quality control tests performed by two manufac- 
turers, Meadax Medicals and USCI. 

In our stud-, inder eonditions of normotension we obtained an 
average dilatisn of 15%. By comparison, Meadox Medicals, using in 
vitro tests, r ported dilation values of 10% to 17%, and USCI 
reported dilation values of up to 25%. 

Under condit.ons of hypertension, in our study the degree of 
dilation was *1&, and with Meadox Medicals it was 20% to 22%. 
Under conditions of hypertension, USCI does not study their 
grafts—orat east they did not at the time of our study. 
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I wish to endorse the authors' methodology since I think it 
extremely important to study these grafts under conditions of 
pulsatile flew. 

DR IMPARATO: In terms of Dr Nunn's comments, we are not 
doing delayed indirect measurements of these grafts. We are 
measuring them directly in the operating room within a few 
minutes after they are implanted. The surprising and frightening 
aspect of this is that we have been looking at the phenomenon of 
dilation for years without a full appreciation of what was going on 
until we took the calipers and made measurements. In addition to 
the noticeable loss of crimping, there was an increase in size of 
which grafts occur regularly and was as much as 50%. I think 


perhaps with your indirect measurement you may not be getting a — 


true evaluation of the degrees of dilation because laminated 
thrombus that deposits in dilated prosthesis may prevent aceurate 
estimation of how much dilation may have occurred. 

In answer to Dr Harrison's question: yes. If one will read the 
literature supplied by Du Pont regarding the behavior of fibers 


and plastic substances, one can find an explanation or a series of — 


explanations for any of the phenomena that have been 
mentioned. 


To reiterate our own position, we think that the first stage of — 3 


dilation probably is the result of yarn slippage. This is almost 
incontrovertible since it happens more so with the knits than it 
does with the weaves. There may be in addition some loss of 
crimp. 

The second stage of failure may be one that has no solution at 
the present time and is related to the characteristic behavior of 


individual fibers subjected to load. They will stretch, and when the 


load is released, they will regain some length rapidly but will 
require an additional longer period of time before return to their 
original length. For prostheses implanted in the arterial circuit 
where cyclic loading and only partial unloading occur, the period of 
time allewed for recovery is too short for fibers to regain their 
original length, resulting in the progressive dilation that we have 
observed. This can be as much as 150% during a period of months 
or years. 


The third factor that may play a role is one that we have © 


observed by electron microscopy. After subjecting our grafts to 


repeated loading and unloading, electron microscopy has indicated 
fiber breakage. I do not know what the solution to any of these 


problems is, but I think that our attention probably ought to be 
directed more at the intrinsic properties of the behavior of the 
graft to pressure rather than to the surface characteristics that, in 
most instances, seem to be quite satisfactory, provided the graft 
maintains its original dimensions. 


Dilation of Synthetic Grafts—Kim et al 1303 





significance of Popliteal Reflux in 


Relation to Ambulatory Venous 


Pressure and Ulceration 


Kenneth C. Shull, MD; Andrew N. Nicolaides, MS, FRCS, FRCSE; J. Fernandes é Fernandes, MD; 


Campbell Miles, FRACS; Joe Horner, FRCS; Terry Needham; 
Ernest D. Cooke, MD; Felix H. G. Easteott, MS, FRCS 


€ Fifty-one patients (55 limbs) who had had deep venous 
thrombosis (DVT) extending into the femoral or iliofemoral 
segment three to five years earlier and ten limbs of ten healthy 
volunteers were studied. The ambulatory venous pressure (AVP) 
was measured by inserting a needle in a vein on the foot; the 
presence of reflux in the popliteal vein was determined by a 
directional Doppler ultrasonic blood velocity detector. All 
patients had ascending venography. The results suggest that the 
most important factor in determining the AVP and ulceration in 
postthrombotic limbs is the condition of the popliteal valves. 
Ulceration does not occur even in the presence of occlusion if 
the popliteal valves are competent. The extent of DVT and 
recanalization or the failure of recanalization is of secondary 
importance. 

(Arch Surg 114:1304-1306, 1979) 


E: in limbs with venous insufficiency is the 
result of increased ambulatory venous pressure'^ 
caused by proximal venous occlusion, by reflux because of 
damaged valves following recanalization, or by a combina- 
tion of both* (Fig 1). Until recently, the most common 
method of assessing the deep venous system was ascending 
venography.' This technique could define the site and 
extent of previous occlusion accurately but was a poor 
means of detecting the presence or severity of valvular 
incompetence.’ Although descending venography? is a 
more promising method of demonstrating competent 
valves, its findings have yet to be correlated with ambula- 
tory venous pressures. 

In recent years, noninvasive directional blood velocity 
detectors using Doppler ultrasound have been used to 
detect reflux in the venous system, particularly the poplit- 
eal vein.’ The purpose of the present study was to deter- 
mine the relative importance of oeclusion and valvular 
incompetence in the deep venous system of postthrombotic 
limbs with the use of directional Doppler ultrasound to 
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detect reflux in the popliteal vein and ambulatory venous 
pressure measurements. 


PATIENTS AND METHODS 
Patients 


Fifty-one patients (55 limbs) with a history of deep vein 
thrombosis diagnosed three to five years earlier by venography 
were recalled for this study. Repeated ascending venography was 
performed to detect whether the previous segment in which 
thrombosis occurred had recanalized or if it had remaired persis- 
tently occluded. Directional Doppler ultrasound was used to detect 
the presence or absence of reflux in the popliteal vein. Finally, 
ambulatory venous pressures were determined with the patient 
standing and performing a “tip-toe” exercise with and without 
superficial venous occlusion. A record was kept about the presence 
of an active or healed ulcer on the lower leg during this period of 
follow-up. Ten limbs of ten healthy volunteers without amy clinical 
evidence ef venous problems or varicose veins acted as zontrols. 


Ambulatory Venous Pressure 


The ambulatory venous pressure was measured in all limbs. A 
21-gauge (bore, 20 gauge) "butterfly" needle was inserted in a vein 
on the dorsum of the foot and was connected through an Akers 
transducer and an amplifier to a potentiometric pen recorder. The 
venous pressure was measured with the patient standing still. 
Then the patient was asked to perform a tip-toe exercise for 20 s at 
a rate of one heel-raising movement per s. The exercise was 
repeated after inflation of a 2.5-cm pneumatic cuff at the ankle to 
a pressure ef 120 mm Hg and a second time after indating a 
2.5-cm pneumatic cuff at the thigh to a pressure of 180 mm Hg. 
Previous venographic studies have demonstrated that these pres- 
sures will allow occlusion of the superficial veins only because of 
the small width of these cuffs.‘ 


Doppler Ultrasound 


The presence of reflux in the popliteal vein was determined 
using a directional blood velocity detector (Medasonics, Model 
D-9). The patients were examined standing with their knee 
slightly flexed on the side to be examined and their weight on the 
opposite limb. The Doppler probe was positioned behind the knee 
so that the signal from the popliteal artery was audible in addition 
to the signal from the popliteal vein (Fig 2). The calf was then 
compressed and the venous flow toward the heart was indicated by 
an upward deflection on the pen recorder. In a normal | mb, on 
release of the calf compression, the flow returned to the baseline 
indicating competent popliteal valves (Fig 2). In the presence of 
reflux, however, flow on release of the calf was below the baseline, 
indicating either reflux in the popliteal vein or short saphenous 
vein. The examination was then repeated with finger compression 
of the short saphenous vein. If reflux was abolished əy this 
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Fig 1.—Deep vein abnormalities causing venous 
pressures during exercise. 
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Fig 2.—Correc*ional Doppler over popliteal. 


maneuver, it was inferred that the popliteal valves were compe- 
tent. If reflux persisted it was inferred that the popliteal valves 
were incompetent. 


Ascending Venography 


Ascending venography was performed in all limbs studied 
except the ten normal limbs of the ten healthy volunteers. This 
was done to determine the presence or absence of deep venous 
occlusion.* 


RESULTS 


A total of 65 limbs were studied: 41 from patients who 
had iliofemoral thrembosis, 14 from patients who had 
femoral thrombosis, ard 10 limbs from the healthy volun- 
teers. On the basis of the present venographic findings 
(persistent proximal oeclusion or recanalization) and the 
directional Doppler ultrasound findings, the patients were 
classified into four groups: (1) those who had recanalization 
and competent popliteal valves, (2) those who had recanal- 
ization and incompetent popliteal valves, (3) those who had 
persistent occlusion anc competent popliteal valves, and (4) 
those who had persissent occlusion and incompetent popli- 
teal valves. | 

The results of the ambulatory venous pressures in the 
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Fig 3.—Ambulatory venous pressures (mean + SD) and inci- 
dence of ulceration in normal limbs and limbs in which 
iliofemoral thrombosis occurred three to five years prior to 
study. 
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Fig 4.—Ambulatory venous pressures (mean + SD) and 
incidence of ulceration in normal limbs and limbs in which 
superficial femoral thrombosis occurred three to five years 
prior to study. 





normal controls are shown in Fig 3 and 4. The mean and SD 
in this group was 20+ 10 mm Hg. Those limbs with 
iliofemoral recanalization and competent popliteal valves 
had an ambulatory venous pressure of 30 + 13 mm Hg (Fig 
3). In limbs with iliofemoral recanalization and incompe- 
tent popliteal valves, the mean ambulatory venous pressure 
was 61 + 8 mm Hg. 

In patients with persistent iliofemoral occlusion and 
competent popliteal valves, the mean ambulatory venous 
pressure was 38 + 15 mm Hg while those limbs with 
occlusion and incompetent popliteal valves had the highest 
ambulatory venous pressure of 85 + 14 mm Hg. In normal 
limbs and limbs with competent popliteal valves, the 
incidence of ulceration was nil, even in the presence of 
proximal occlusion. In limbs with incompetent popliteal 
valves, ulceration had developed in three quarters of the 
limbs at some time. 

The results from the limbs with the femoral segment 
involved are shown in Fig 4. Those limbs with femoral 
recanalization and competent popliteal valves had a mean 
ambulatory venous pressure of 31 + 13 mm Hg; limbs with 
femoral recanalization and incompetent popliteal valves 
had a mean ambulatory venous pressure of 56 + 8 mm Hg. 
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Two of the three patients with a history of femoral 
occlusion had competent popliteal valves, with a mean 
ambulatory venous pressure of 35 + 14 mm Hg. The third 
patient who had a persisting femoral occlusion and incom- 
petent popliteal valves had an ambulatory venous pressure 
of 70 mm Hg. The incidence of ulceration in these limbs is 
shown in Fig 4. 


COMMENT 


The results of this study suggest that the most impor- 
tant factor in determining the ambulatory venous pressure 
in postthrombotic limbs is the condition of the popliteal 
valves. Those patients with competent valves, even in the 
presence of proximal occlusion, had a lower ambulatory 
venous pressure compared with those with damaged 
valves, thus indicating that the extent of deep venous 
thrombosis and recanalization or failure of FORAQUSEHOB 
are of secondary importance. 

In addition, it seems that competent valves in the 
popliteal vein offer some protection against the develop- 
ment of venous ulceration. In the patients studied, ulcera- 
tion occurred in those with incompetent valves only, while 
uleers did not occur in any of the patients with competent 
valves even in the presence Ej persisting aio perioral or 
femoral occlusion. 

These findings have renewed our interest in the early 
detection of deep venous thrombosis. Thrombi confined to 
the calf should be treated promptly so that they would not 
extend into the popliteal vein and damage the popliteal 
valves. In the absence of a contraindication (such as a 
recent wound), thrombi extending proximally to the calf 
should be treated with lytic therapy so that damage to the 


valves would be minimized. 


The methods used in this study should be employed to 
investigate the results of such aggressive therapy of 
venous thrombi compared with conventional anticoagulant 
therapy. The combination of using ambulatory venous 
pressures and Doppler ultrasound provides a method that 
could be applied to patients considered for venous recon- 
structive procedures. Although valvular repair at the femo- 
ral level has been shown to relieve the signs of the 
postthrombotic syndrome, objective assessment of the 
results has not yet been attempted. 

It seems that the methods and approach used in our 
study could find an application not only in the assessment 
of limbs with venous insufficiency and selection of patients 
for venous reconstruction, but also in the assessment of 
results of surgical procedures. Until this is done, the true 
value of crossover grafts for iliac occlusion and repair of 
the incompetent femoral valve* will remain unknown. 


Campbell Miles, FRACS, and Joe Horner, FRCS, were recipients of a 
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Discussion 


ROBERT L. KISTNER, Honolulu: This is very helpful hemodynamic 
information. The point about the need for integrity of the 
popliteal valve is consistent with our findings in patients who have 
severe venous valvular insufficiency. Those patients in whom we 
have dene repairs of femoral valves and segment transfers have 
all had reflux all the way into the calf. I certainly would agree that 
the integrity of the popliteal valve, if present, will protect the 
patient from many of the severe sequelae of the postphlebitic 
insuffidency syndrome. 

We are now employing hemodynamic data to study patients 
preoperatively and postoperatively when valve repzir or segment 
transfers are being performed. The early data we are seeing would 
support the principles presented by Shull et al. 

I hare several points of clarification relative to the conclusion of 
this article which states that ulceration does not occur unless the 
popliteal valve is incompetent. We have found an occasional 
patient with ankle ulceration due to isolated saphenous incompe- 
tence in whom the popliteal valve is competent and in whom 
permanent control has been achieved simply by dealing with the 
saphenous vein. 

Although we agree that most patients with severe ulceration do 
have incompetent popliteal valves, this does not mean that every 
patiert who has an incompetent popliteal valve will go on to 
having ulceration. We have many patients with incompetent deep 
systems, including the popliteal valve, in whom no sign of devel- 
oping ulceration is seen. We believe that patients in whom 
ulceration develops have incompetent perforator veins in addition 
to deep vein incompetence. I would like to ask Dr Shull what role 
he believes the perforators play in the development of ulcera- 
tion. 

While we agree that the entire deep system needs to be 
incompetent, including the popliteal valve, we find that imposition 
of any single competent valve below the common femoral vein will 
restore the patient to a compensated condition and will result in 
the healing of ulceration. This competent valve meed not be the 
popliteal valve. It can be any valve in the superficial femoral 
vein. 

Dr SHULL: I wish to thank Dr Kistner for his comments. We 
have been very interested, of course, in his work and his repair of 
the “emoral valve, and, of course, that was my basis in the 
discussion about the objective assessment because we certainly are 
wait ng for his objective assessment done with venous pressures 
and ising the Doppler. 

Ccncerning his comment about perforators causing ulceration at 
the ankle level, I think I will agree that we have a number of 
patients with ulceration probably from incompetent perforators at 
this level, but again a fair number of our patients do not always 
have perforators at the ankle. 
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Summary of Clinical Data, as of September 25, 1978. 










Avg. Months Months 
Number . Number 96 Weighted Maximum 
Operation type Implanted Patent Patency Experience Experience 




















Above-Knee 






Pop-segmtl 


Aorta-pop 

Aorta-fem 133 128 9696 6.4 29 
Axil-fem 143 132 9296 1.7 14 
Axil-bifem 3l 3] 10096 a7 16 j 
Aorto-iliac 5 5 100% 2.0 6 I 
Fem-profunda 14 11 7996 Ue n. 15 
Axil-pop 19 17 8996 5,5 16 
Iliac-fem 2 l 5096 3.5 7 
Iliac-pop 10 7 7096 6.0 24 

Others 4 2 50% «0.5 l 





Group Totals 2452 2184 89% 3.6 34 
Below-Knee 
Fem-dist-pop 958 792 83% 32 34 
Fem-ant-tibial 183 129 7096 1.5 19 
Fem-post-tibial 292 197 67% 2.6 38 
Fem-peroneal 111 78 7096 1.7 22 
Aorta-ant-tib 2 l 50% 0.0 0 
Ileo-post-tib 5 4 80% 1:2 6 
Ileo-pop 5 3 6096 3.0 5 
Fem-dorsalis ped 24 13 5496 3.0 12 
Aorto-dist pop 5 5 10096 4.8 7 
Iliac ant-tib 4 4 100% 3.2 8 
Axil-dist-pop 2 2 100% 11.0 13 
Iliac-dist-pop 4 2 50% 0.5 l 
Pop-post-tib 2 2 10096 0.5 l 
Other 7 d 4396 «0.5 l 
Group Totals 1604 1235 7796 2.8 38 
Cross-over Grafts 
Fem-fem 185 176 9596 6.2 30 
Fem-pop 37 33 8996 2.2. 24 
Fem-profunda fem 3 3 10096 2.3 7 
Axil-fem 6 6 10096 NIS: 16 
Fem-distal pop l | 100% 7.0 roe 
Others d 3 75% «0.5 2 
Group Totals 236 222 9496 5.4 30 
Composite Gr 
C-fem-distal-pop 9 9 10096 2.6 8 
C-fem-ant-tib 3 3 10096 6.0 7 
C-fem-post-tib 14 13 9396 3.6 7 
C-fem-peroneal 1 4 10096 21.5 5 
Group Totals 30 29 9796 3.4 8 
AV Fistulae 49 416 84 i 22 
Forearm 504 478. ... 9596 0.8 18 
Upper arm 370 352 95% 3.6 20 
Arm 49 39 80% 0.7 10 
Leg 101 98 97% E 18 
Group Totals 1520 1383 91% 2.3 22 3 
Pulmonary Gre 
Aorta-pulm shunt 57 48 8496 3.4 27 
Pulm reconstrts 3 2 67% 0.0 0 
Subclav-pulm MS: l 100% 1.0 ] 
Group Totals 61 51 8496 3.1 27 
Other Arterial Grafts 
Renal artery 18 17 9496 10.7 30 
Axil-axil 33 33 10096 4.1 18 
Carot-subclav 52 50 9696 8.9 3] 
Aorto-coronary 15 11 7396 2.3 17 
Aorto-renal 25 24 9296 4.0 26 
Others 64 62. 9796 3.2 29 
a Group Totals 207 196 9596 5.5 31 : 
B Venous Grafts 38 34 89% 7.8 42 Y 
: 


Totals, All Operations 6291 5469 87% t m 42, 
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In 1977, w2 said: "It is time 
to consider GORE-TEX reinforced 
poly:etrafluoroetEylene (PTFE) 
vascular grafts as a viable alterna- 
tive to saphenous vein autografts.’ 

Has experience borne out that 
claim? Let's teke another look. 





If anecdotes were data, 
we'd have no rouble proving 
this point. Mest sargeons who 
have used our grafts are high in 
their praise. 

It is, in the majority opinion, 
the first such graf to come close 
to the promises made for it. 

It is, according to observations 
and recent in vitro studies, 
relatively thramboresistant. And, 
when a thrombus forms, it is easy 
to de-clot. 

It is, according to theory but 
not yet confirraed by data, less 
likelv to present embolism prob- 
lems later. (A Ein, stable intima 
forms. Whether it's a neointima, 


pseudointima, cr crue endothelium 


is open to debete—but the thin- 
ness is the key to logic of 
the theory.) 

It is, in its reinforced form, 
much more resistant than other 
versions of expanded PTFE to 
aneurysmal di’atation. It has high 
radial or burst. rg strength and 
high suture-hclding power. 

And it is ezsy to handle and 
use. Unlike weven or knitted 
afts, it will rot ravel or 
ay. And it does not require 
pre-clotting. 
But is it, as we stated earlier, 
a viable alternative to the 
saphenous veia? 
Yes, if. 
Yes, if there :s no vein 
available. 
Yes, if the vein is "borderline 
*either in size or condition. 
Yes, if the patient's condition 
is such that a prolenged exposure 


to anaesthesia, or even to the delay 
in providing the vein, is critical. 

Yes, if there is the likelihood 
of cardiac surgery, for which the 
saphenous vein should be saved. 

Given those indications, the 
GORE-TEX graft is, indeed, a 
viable alternative to the saphenous 
vein. But unless those conditions 
exist, prudence and experience 
make the saphenous vein the graft 
of choice. 





Arteriogram of a GORE-TEX polytetra- 
fluoroethylene graft during flexion of the knee. 


The problem 
of proof. 

As of September 25, 1978, 
there were approximately 
60,000 GORE-TEX vascular graft 
implants, with over 6,000 follow 
ups. The overall patency rate 
was 87%. 

Those data, sliced into what 
we hope are useful pieces, are 
presented in Table at left. 

A close look at the data will 
reveal one problem: average 
follow-up times. 

They're too short. 

The problem is two-fold. 

First, we are, of course, 
dependent on the voluntary coop- 
eration of surgeons for our follow- 
up data. And we know that if you 
were to provide all the data that 
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all manufacturers wanted, you 
would have to spend all of your 
hours filling out follow-up forms. 
And, of course, even if you had the 
time, you can't keep up with all 
patients over a period of years. 
The second part of the 
problem is statistical. The use of 
GORE-TEX grafts is increasing so 
rapidly that we will, for a long 
time to come, have a far greater 
number of recent implants than 
of old ones. (For every GORE-TEX 
graft implant used three years ago, 
there are almost 100 used today. 
Our current reported rate-of-use is 
approximately 5,000 per month.) 
This necessarily skews our 
data average toward the more 
recent history. Which is also true 
for a life table method of data 
presentation. Even though the 
maximum experience reported in 
each category is in the two-to-three 
year range, the weighted averages 
are more like two-to-three months. 


More data. 
More problems. 
Some suggestions. 


On the last page of this 
advertisement, you'll find a bibli- 
ography of published experimen- 
tal and clinical reports on the use 
of GORE-TEX vascular grafts, and 
a coupon for your convenient use. 

One problem is that we know 
the list is not current. Additional 
papers are always being delivered, 
and published. If you would like 
us to keep you up-to-date as new 
reports appear, check the appro- 
priate box on the coupon. 

A more basic problem with 
these data, and ours, and all 
vascular statistics is the lack of 
uniformity in reporting. We're 
supporting efforts to establish 
some profession-wide protocols 
begun with a symposium at the 
1978 meeting of the American 
College of Surgeons. If you have 
any suggestions at all, we'd appre- 
ciate them. Just write to us. 


uu 
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GORE-TEX” - 
vascular grafts, 
in brief. 


GORE-TEX vascular 
grafts are made of expanded, low- 
density polytetrafluoroethylene 
(PTFE), reinforced by a strong, 
fine lattice of the same material 
wound about the exterior. 

GORE-TEX vascular grafts 
are easy to handle, with excellent 
resistance to kinking. And they 
exhibit high suture-holding 
power. They are, of course, fully 
biocompatible and, unlike 
knitted or woven prostheses, do 
not require pre-clotting. 

GORE-TEX vascular grafts 
for vascular surgery are available 
in a wide range of diameters. 

See next page for free 
GORE-TEX graft test-pack and 
complete bibliography, available 
as reprints. 


Submit the handling and 
suture-holding characteristics 
of GORE-TEX grafts to the most 
meaningful test equipment: your 
own hands. Our test kit, not 
intended for actual surgery, 
includes a short length of a 
GORE-TEX graft and a 6-0 
double-armed suture. Try it for 
yourself. Also, take your choice of 
reprints of any of the experi- 
mental, clinical, and engineering 
reports listed. 


Current bibliography. 

1. Nonvein Bypass in Below-Knee Reoperation 
for Lower Limb Ischemia Steven J. Burnham, 
M.D., D. Preston Flanigan, M.D., James J. 
Goodreau, M.D., James S. T. Yao, M.D., Ph.D., 
and John J. Bergan, M.D., Chicago, Ill. Surgery, 
Sept., 1978 

2. Expanded Polytetrafluoroethylene as Dialysis 
Access Grafts: Serial study of Histology and 
Fibrinolytic activity R. Shack, M.D., W. Neblett, 
M.D., R. Richie, M.D., R. Dean, M.D. 

The American Surgeon Dec. 1977 


3. A Prosthesis For Blood Access In Patients with 
Thrombosis of Peripheral Vasculature 

T. Buselmeir, M.D., J. Rynasiewicz, M.D., 

D. Sutherland, M.D., R. Howard, M.D., T. Davin, 
M.D., S. Mauer, M.D., R. Simmons, M.D., 

J. Najarian, M.D., C. Kjellstrand, M.D. Dialysis 
and Transplantation August 1977 

4. A Synthetic Vascular Conduit (Expanded PTFE) 
For Hemodialysis Access — A Preliminary Report 
B. Pasternak, M.D., S. Paruk, M.D., S. Kogan, 
M.D., S. Levitt, M.D. Vascular Surgery 
Mar/April 1977 
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5. Polytetrafluoroethylene Grafts for 
Arteriovenous Fistulae A. Mohaideen, M.D., 
M. Avram, M.D., R. Mainzer, M.D. N.Y. State 
Journal of Medicine Dec., 1976 © 

6. Arterial Prosthesis of Microporous Expanded 
Polytetrafluoroethylene for Construetion of 


Aorta-Pulmonary Shunts A. RATES, M.D., 


J. Lamberti, M.D., R. Siewers, M.D., D. Sperling, 
M.D., W. Dietrick, M.D., R. Arcilla, M.D., 

R. Replogle, M.D. Journal of Thoraeic and 
Cardiovascular Surgery Sept., 1976 


7. The Use of Expanded Microporous Polytetra- 
fluoroethylene for Limb Salvage: A Preliminary 
Report C. Campbell, M.D., D. Brooks, M.D., 

M. Webster, M.D., H. Bahnson, M.D. Surgery 
May, 1976 r 

8. Small-Vessel Replacement with GORE-TEX 
(Expanded Polytetrafluoroethylene) ^. Florian, 
M.D., L. Cohn, M.D., G. Dammin, M.D., 

J. Collins, M.D. Archives of Surgery March, 1976 
9. A Small Arterial Substitute: Expanded 
Microporous Polytetrafluoroethylene: Patency 
Versus Porosity C. Campbell, M.D., D. Goldfarb, 
M.D., R. Roe, M.D. Annals of Surgery 
August, 1975 : 
10. Segmental Venous Replacement D. Smith, Lt. 
Cmdr. (MC) USN, J. Hammon, M.D., J. Anane- 
Sefah, M.D., R. Richardson, M.D., C. Trimble, 
M.D. Journal of Thoracic and Cardiovascular 
Surgery April, 1975 1 

11. Replacement of Portal Vein During 
Pancreatectomy for Carcinoma L. Norton, M.D., 
B. Eiseman, M.D. Surgery February, 1975 

12. Use of GORE-TEX Grafts for Replacement 

of the Superior and Inferior Venae Cavae 

Y. Fujiwara, M.D., J. Cohn, M.D., D. Adams, 
M.D., J. Collins, M.D. Journal of Thoracic and 
Cardiovascular Surgery May, 1974 i 

13. A New Vascular Prosthesis for Small Caliber 
Artery H. Matsumoto, M.D., T. Hasegawa, M.D., 
K. Fuse, M.D., M. Yamamoto, M.D.. M. Saigusa, 
M.D. Surgery October, 1973 1 

14. A New Venous Prosthesis T. Soyer, M.D., 

M. Lempinen, M.D., P. Cooper, L. Norton, M.D., 
B. Eiseman, M.D. Surgery December, 1972 

15. Summary of Clinical Evaluation Data, 

May, 1977 W. L. Gore & Associates, Inc. 

16. Long-Term Dilatation Charactesistics of 
GORE-TEX Vascular Grafts: Design Criteria 

W. L. Gore & Associates, Inc. 


Indications 
and — 
Contraindications. 


To sterilize: | NS i 

Grafts may be sterilized using steam, gas 
or flash autoclave m eh icai i the 
graft from the PVC blister tra» and 
repackage for sterilization. Do not place 
the package label in contact with the graft 
during sterilization. Do not piace objects 
on the repackaged graft durinz steriliza- 
tion. (See Contraindication ft^, 6) 

Using steam, autoclave at or above these 
minimum requirements: 250* Fahrenheit 
(121° Centigrade) for 20 minutes at 15 p.s.i. 
Grafts should never be exposed to 
temperatures greater than 482° "ahrenheit 
(250° Centigrade). 1 
Using a flash cycle, sterilize at or above 
these standard minimum requirements: 
270? Fahrenheit (132° Centigrade) for 
3 minutes at 30 p.s.i. Grafts should never 
be exposed to temperatures greater than 
482° Fahrenheit (250° Centigrade). 

Using gas, sterilize according to 
equipment instructions. $ 


Indications: 1 : 

1. Use a 5-0 or 6-0 nonabsorbable suture 
with a cardiovascular needle for best 
results on graft diameters of 6mm or less. 
Larger sutures may be used with larger 
diameter grafts. | 

2. Intra-operative inspection of 
anastomoses using irrigant solutions may 
result in serum leakage when blood flow 
is established in the graft. To prevent 
this, care must be taken not to generate 
syringe pressures sufficient to force 
irrigant through the ga walls To do so 
will alter the hydrophobic (non-wetting) 
properties of GORE-TEX. (See Contra- 
indication #11) E234 

3. Trim grafts to desired length using 
sharp surgical instruments. Grafts should 
be handled with clean forceps or gloves. 
GORE-TEX grafts are not "elastic" There- 
fore, proper matching of lengths is 
essential. If the graft is cut too short, 
excessive stress may be placed on the 
sutures and the graft at the anastomosis. 
(See Contraindication #10) 

4. Ensure, when using this graft in blood 
access applications or where repeated 
needle punctures of the graft are necessary, 
that needle puncture sites are spaced apart 
along the accessible sub-cutanecus length 
of the graft. Repeated needle puncture of 
the graft at the same site, or within the 
same immediate area, may cause me- 
chanical damage to the graft which could 
lead to hematoma, false aneurysm or true 
aneurysm. Patients should be carefully 
monitored to assure that this instruction 
is followed. \ s 
Contraindications: 

1. Do not pre-clot the graft. 

2. Do not sterilize by irradiation 
techniques. ' 

3. Grafts should never be exposed to 
temperatures exceeding 482° 
Fahrenheit (250° Centigrade). 

4. Do not sterilize more than three times. 

5. During sterilization, do not place 
grafts under heavy or sharp objects 
which might crush the grafts. 

6. Do not attempt to sterilize the label 
attached to the PVC blister tray at 
PE temperatures, as the materials 
(inks and adhesives) on the label may 
contaminate any objects in contact 
with the label during the sterilization 


cycle. 

7. Do not handle paa with ungloved 
hands. It should be handled only with 
clean instruments. | i " 

8. Do not attempt to resterilize any 
unused graft portion which has been 

contaminated with blood or any other 

foreign material. . Fi i 
. Do not use absorbable sutures. - 

. Do not cut graft while holding under 
tension. Doing so may cause separa- 
tion of the outer layer. The GORE-TEX 
graft is a composite structure consist- 
ing of an inner base tube and a thin 
outer layer which reinforces the base 
tube to prevent aneurysmal dilatation. 
Do not use any portion of a CORE-TEX 
graft which has damage to or separa- 
tion of the outer layer of the graft. 

Should the outer reinforcing layer 
become frayed at the end of the graft, 
do not pull on or peel the outer layer 
from the base tube. Carefully trim off 
the portion of the graft where the outer 
layer is frayed. . © 

. Do not force irrigating solutions 
through the graft wall. Doing so may 
result in serum leakage after blood ) 
flow is established. : : 

12. Do not place grafts in any fluid prior — 


I 


to use. Doing so may result in serum — — 


leakage after blood flow is established. 
13. Do not puncture the graft repeatedly 
at the same site, or within the same 


S 


iz 


L] LS 


immediate area. (See Indication #4) ——— 





T €; 
© W. L. Gore & Associates, Inc. 
P.O. Box 1220 
Route 213 North 


Elkton, MD 21921 


| Gentlemen: 
" ar [] Please send me your GORE-TEX vascular graft test kit. 
| E Please send me the reprints and reports whose numbers 
I have circled. j 
i l. 3. 5. E 9, ll. 13. 15. 
8e 2. 4. 6. 8. 10. 12. 14. 16. 


Eg Please send me additional reprints as they are published. 












[ ] Please have your representative call for an appointment. 


[ ] Enclosed are my suggestions for standardization of vascular 
statistics. 


Name 

Address 

City State Zip 
Hospital Affiliation 


Surgical Specialty ARS-11 


anew RN 
prescription 
A, | fo assure your 
L2) traveling patients 
: a bon voyage 


The AMA’s new booklet, PHYSICIAN’S GUIDE TO MEDICAL 
ADVICE FOR OVERSEAS TRAVELERS, was developed to help 
practicing physicians render preventive medical services to 
traveling patients. 

It provides a weath of information, such as how to protect 
patients against tropical diseases, time zone changes, par- 
asites and complications of existing handicaps. Plus what 
to advise about diets, immunizations, and overseas 
medical care. 


To order your copy (60¢ ea.) of this new guide, OP-411, 
write: Order Dept., American Medical Association. 
P.O. Box 821, Monroe WI 53566 
Allow 4-5 weeks for delivery 
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Reconstructive Venous Surgery 


W. Andrew Dale, MD 


€ Experience with 60 reconstructions of large peripheral veins 
is summarized. No deaths occurred and complications were 
minimal. Most patients had excellent or good results. 

(Arch Surg 114:1312-1318, 1979) 


econstructive surgery in the venous system has lagged 

far behind arterial repair. Whether this is due to the 
inherent difficulty of maintaining patent anastomoses and 
grafts in the low-pressure venous system, to a failure to 
recognize suitable patients, or to a defeatist attitude 
among surgeons is not clear. Some progress, however, is 


 Occurring. 


In every area of vascular surgery, the animal experi- 
ments of Carrel and Guthrie' form a background; over 70 
years ago, in 1906, they investigated grafts in the venous 
system. After a long hiatus, isolated reports of successful 
venous repairs in humans began to appear in the 1950s. 
Thus, Kunlin? in 1953 reported a brief success with a 
saphenous vein used to bypass an obstructed iliac vein, and 
Warren and Thayer in 1954* described saphenopopliteal 
bypass for the postphlebitic limb. Hardin,' Cerino et al, 
and Kenawai^ in the 1960s added their experiences. 

The attention of myself and my colleagues was drawn to 
this chaotic field in the late 1950s, and culminated in our 
1963 report of results in animals and humans, along with 
an attempt to formulate general principles in this area of 
surgery.' This report included certain instances of recanal- 
ization of an initially thrombosed vein graft, the impor- 
tance of a pressure differential in maintenance of graft 
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patency (rather than external splinting or graft -igidity), 
and reproducible long-term success of venous grafts. 

Palma's success’ in crossover saphenous to contralateral 
femoral vein bypasses performed in Montevideo, Uruguay, 
came to our attention in 1960 and led to a series of 
procedures in animals that indicated probable success in 
humans; this was reported in 1968.'° Further experience 
has accumulated slowly because of caution in using a new 
procedure, as well as difficulties in delineating probable 
candidates from the large numbers of postphlebitic 
patients whose veins partially reopened and who 1o not at 
present seem to be suitable for such operations. 


SUBJECTS AND METHODS 


Our overall experience to date has been updated periodically and 
is summarized in Table 1. Operations on the superior and inferior 
vena cavae and on the portal venous system are excluded from this 
report. Three groups of patients form this series: those with 
tumor, with postphlebitic limb, or with iliac vein compression. 

Of the 18 patients with tumor (30% of the series), seven had 
tumor of the cervix, four of the lymphoma, three of th» bladder, 
two of the rectum, and one each with tumor of the prostate and of 
the pancreas. All had acute onset of unilateral thigh and leg edema 
with accompanying pain. Their life expectancy was jucged to be 
longer than six months. Relief was often dramatic in terms of 
lessening of limb symptoms. 

The postphlebitic group of 28 patients (63% of the series) were 
selected because of persistent edema and pain with a phl»bograph- 
ically demonstrable segmental venous occlusion (Table 2). Each 
patient must have had no evidence of recurrent venous tirombosis 
for at least a year. The eight patients with iliac compression (7% of 
the series) have occasionally had left limb edema without other- 
wise demonstrable cause. 


Phlebograms 


In each instance, complete mapping of the venous systems of 
both lower extremities and the pelvis has been conducted by 
phlebographie techniques that have been previously cescribed" 
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Table \.—Peripheral Venous Reconstructions* 


Results 
—_- oo om Om 


No. Excellent Partial Failure 











Saphenous-to-ilac-or 
fmoral crossover 


eraft 48 28 E 11 
Saohenous-tc-pop:- 

teal anastomcsis 6 3 Muss 3 
Brachial-to-femera 


Tansplant 2 ad. 


í x 2 

liac venotomy end 
patch graft £ 3 0 1 
Toxal 60 34 9 17 


*Superior venascava inferior vena cava, and portal vein reconstructions 
are omitted. 


and wil! not be repeated in detail. Ordinarily, this involves the 
injeet:on ef 60 mL of iothalamate meglumine injection (Conray- 
60) in. o the saphenous vein at the ankle or into a suitable vein on 
the dorsum of the foot. Films are exposed before and after 
exerce in the anteroposterior and lateral positions. Iliac and 
caval epacification may be obtained by a repetition of the injection 
distal to a tourricue- placed very tightly at the root of the thigh, 
with sudden release of the pressure and simultaneous elevation of 
the lez to allow tne material suddenly to run proximally toward 
the iliac and cava system as the film is exposed. This has proved 
simpler than the method of direct injection by needle or catheter 
into tke femoral or iac vein, although that technique was used for 
some of the earlier studies. 

With the passage of time, many of these persons show increas- 
ing recanalizatior o: postphlebitic extremities. Repeated phlebo- 
grams taken at six-month intervals often suggest postponement 
of possible surgery to allow continued recanalization, particularly 
if the patient's ecnd tion improves (Fig 1). 


Venous Pressure Studies 


Dumng the past swo years, 60 patients have had saphenous 
ambu:atory venous pressure studies performed. This is done by 
measermg pressure manometrically through a No. 19 needle 
placec ima foot or ankle vein while the patient is standing quietly, 
followed by his walking in place. 

Altaough it was hoped that the results of this venous pressure 
stucy would be critical and perhaps even obviate the use of the 
phlebegram, such has not proved to be the case. For example, in a 
patient with an apparently normal venous system and phlebo- 
gram the decrease Mm venous pressure during walking was only 6 
em (rather than the usual 30 to 50 em). Other such false-positive 
results oecurrec. We continue to study the value of this test and at 
preseat use it as a complement to the phlebogram, but not as a 
replacement. 


RESULTS 


The outcome of these operations fall into the four 
categories given m Table 1. 


Crossover Saphenofemoral Vein Grafts 


The normal contralateral saphenous vein is dissected, its 
tributaries ligazee, and it is tunneled across the suprapu- 
bie fat pad and amastomosed to the femoral vein distal to 
the diac or corimon femoral obstruction. Details of the 
operation have been published." Figure 2 illustrates the 
general techn que If webs or stenoses are found inside the 
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Fig 1.—Some degree of recanalization of superficial femoral vein 
occurred between phlebogram at left and one at right made six 
months later. Earlier one shows radiopaque material outlining 
concomitant veins with little or none in superficial femoral itself, 
whereas latter opacifies partly reopened superficial femoral vein. 
Contemplated surgical bypass was canceled in face of this 
demonstrated improvement. 


femoral vein, these are trimmed out. The use of the special 
clamp previously described'" avoids the necessity to dissect - 
completely around the vein. In a few instances, the graft 
was carried far down the thigh or occasionally anasto- 
mosed to the proximal portion of the saphenous vein. 
Anastomoses were performed with continuous 6-0 poly- 
propylene, using intraoperative but not postoperative 
heparinization. 

Of the 48 crossover saphenous to iliac or femoral vein 
grafts, 77% provided either complete or partial relief of the 
patient's edema and pain. If the patient had relief of pain 
but some swelling persisted, the result was classified as 
partial rather than excellent relief. The 23% with complete 
failure require no particular discussion. 

It is obvious that postoperative phlebograms are of 
critical importance in evaluating the results of these 
procedures, since clinical signs alone may be faulty (Fig 3). 
Our failure to obtain these results universally parallels the 
experience of others and reflects difficulties in persuading 
patients to undergo an angiographic procedure that most 
consider to be somewhat dangerous and unpleasant, 
despite our belief that the risk is small. Compounding the 
problem is the fact that a number of these patients 
traveled a considerable distance. The longest-term postop- 
erative phlebogram was obtained 12 years after the time of 
operation, when the patient underwent a herniorrhaphy 
and agreed to phlebography to determine the status of the 
old crossover vein graft. It was obviously functioning 
because it could be palpated in the suprapubic area and the 
patient had been asymptomatic throughout the 12-year 
period (Fig 4). 


Report of a Case 


A 27-year-old man was examined six months after a posttrau- 
matic, deep venous thrombosis of the left thigh. Ambulatory 
venous hypertension was demonstrated when the saphenous 
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Fig 2.—Three operations for chronic 
venous occlusion. (A) Blood ‘low 
through saphenous crossover by- 
passes chronic obstruction in com- 
mon iliac vein. (B) The anastomosis 
between crossover saphenous vein 
and common femoral vein is con- 
structed with continuous 6-0 Pro- 
lene sutures with special venous 
occluding clamp in place. (C) Blood 
from the calf flows out of patent 
popliteal vein through anastomosis 
into saphenous vein bypassing oc- 
cluded superficial femoral wein. 
Through generous venotomy of 
inferior vena cava and left common 
iliac vein are cleared internal webs 
and scar tissue that may be part ally 

. occluding. Left iliac venotomy is 
closed with venous patch craft 
taken from dorsum of hand or 
wrist. 





L. ILIAC VENOTOMY 


venous pressure in the normal leg decreased 39 cm while walking, 
but was unchanged while walking in the symptomatic leg. 
Phlebography demonstrated extensive deep venous damage, but 
there was considerable improvement over a phlebogram made 
seven months earlier. On the basis of this demonstrated improve- 
ment, nonoperative therapy consisting of elevation and external 
compression was advised. Six months later, the patient’s condition 
continued to be quite symptomatic and without further change 
phlebographically, so a crossover vein graft was performed. 
Following uneventful convalescence, the patient was dis- 
charged, but returned on the 16th postoperative day with tender- 
ness and swelling in the previously asymptomatic contralateral 
extremity. A phlebogram showed no evidence of deep venous 
thrombosis. He returned home, but had a further exacerbation of 
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swelling and pain, and another phlebogram taken 28 days after the 
operation showed extensive deep venous thrombosis in the contra- 
lateral extremity. This condition was treated with heparin with 
resolution. 

Surgery was deferred as long as improvement continued. The 
postoperative venous thrombosis was one of three -hat have 
occurred in this series. 


Saphenous-Popliteal Anastomoses 


In the past 18 months, a definite effort has been made to 
identify symptomatic postphlebitic patients whose superfi- 
cial femeral veins have remained obstructed for a long 
period of time and who might benefit from a Lypass of 
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Fig 3.—Crossover »en graft four months after 
placement showinz saphenous vein bypassing 
left common iliac weir occluded by deep venous 
thrombosis. 


Fig 4.—Crossover vein graft 12 years after 
operation bypassing partly recanalized but 
essentially occluded left common iliac vein 
due to deep venous thrombosis. (Paper- 
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Fig 5.—Side-to-side anastomosis of 
saphenous to popliteal vein just below 
knee. 


clip was laid on abdomen to aid centering 
film and is not indwelling in tissues.) 


venous bloed frem the popliteal vein below the knee 
through a patent szphenous vein to the patent iliofemoral 
system, or proximally, as suggested by Husni.” 

This operatior is conducted through an incision made 
medially in the proximal portion of the calf in exactly the 
same fashion as tst for the distal end of a femoropopliteal 
arterial anastomesis. The saphenous vein is dissected out 
of the superficia. -issues for a distance of 8 to 10 cm. 
Dissaction is deepened and 3 to 4 em of the popliteal vein 
are cleared in th= depths of the wound to allow the special 
vein damp to be »laced. The anastomosis may be done 
between the cut proximal end of the saphenous vein and 
the side of the pc»lteal vein, while the distal eut end of the 
saphenous vein i tied off. Recently, three of these anasto- 
moses have been made without interrupting the saphenous 
vein via a side~c-side anastomosis 15 to 20 mm long 
(Fig 4). 

Of the six saphenous-popliteal anastomoses performed, 
thre» had excellzn: results and three were failures. Only 
one patient, with an excellent result, did not have a 
phlebogram taken postoperatively. The total number of 
these procedures stoo small for dogmatic conclusions to be 
drawn, but clinical experience as well as phlebography 
indicates that pavency may be achieved (Fig 6). The larger 
experience of Hesai™ is recognized with his 66% patency 
among 18 opera-ons. 

The lateral amastomosis without interruption of the 
saphenous vein has theoretical advantages, yet may result 
in tightness and angulation of the vein. Personal experi- 
ence does not yet allow a clear-cut recommendation 
between the two,se at the moment and until new facts can 
be obtained, we case this on the appearance of the vein as 
it lies in the woumd. 


Braehial-to-Femoral Transplant 


The plight of -he patient with complete thrombosis of 
the vena eava anc both iliac veins is usually a desperate one 
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because of severe swelling and the pain attendant thereto. 
Ten such patients have been observed by us and two have 
agreed to the attempt to transplant a long vein, dissected 
out of the arm via a tunnel, for anastomosis to the patent 
femoral vein in the groin. 

This proposed operation is clearly not established and 
has been described to these patients as such. The first 
patient, unfortunately, was found to have multiple brachial 
vein thromboses from intravenous (IV) infusions, which 
forced resection and anastomosis at three different places, 
so that failure followed an operation that was severely 
prejudiced by this problem. The second patient proved to 
have such a small arm vein that the operation was discon- 
tinued without transplanting the vein. 

This procedure is discussed briefly in the hope that it 
may prove useful for some of these severely incapacitated 
patients. Its principle appears to be sound, although to our 
knowledge it has not been successfully accomplished. 


lliac Vein Compression 


The aorta and the iliac arteries sometimes press on the 
underlying iliac veins at their crossing overlying the fifth 
lumbar vertebrae. The point of most common occurrence is 
where the right common iliac artery presses on the 
underlying left common iliac vein (Fig 7). This occasionally 
leads to venous compression, with attendant thickening of 
the wall of the vein. Sometimes IV thrombosis occurs and 
may give rise either to symptoms of pulmonary embolism 
or, after resolution and more or less recanalization, to 
chronie edema of the left thigh and leg. Thus, what was 
earlier thought to be congenital IV adhesions causing 
thrombosis is actually an acquired lesion, as noted by 
Calnan and associates'? and by Dodd and Cockett.'*"* 

We have examined eight such cases, all women. Four of 
these patients have undergone an operation consisting of 
venotomy with trimming out of interior webs and stenoses 
and closure with a venous patch graft (Fig 6). One patient 
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Table 2.—48 Crossover Vein Grafts ! 


Relief* 
——— 
Complete 
13 
15 


lliac-vein compression, 
n=2 


*Seventy-seven percent of all patients derived complete or partial relief 
from the procedure; 23% derived no relief from the procedure. 


had a crossover saphenous-femoral bypass placed at the 
same time. The four patients who have not been operated 
on either had minimal symptoms or refused operation 
after diagnostic phlebograms were taken. 

Two of the patients undergoing operation had outstand- 
ing results with phlebographically proved patency (Fig 8). 
One patient had a phlebographic patency, but both lower 
extremities began to show some edema later, suggesting 
that she had a simultaneous lymphedema precox. The 
fourth patient, who received venotomy and patch graft as 
well as a crossover graft, had a dismal hospital course, with 
complaints of excruciating pain, and she continues to 
complain bitterly of postoperative symptoms. A phlebo- 
gram has not yet been obtained, but her procedure must be 
classified as a failure. 


Complications 


Fortunately, complications have been minimal. There 
have been no deaths or infections. Of the four patients with 
postoperative seroma or hematoma, heparin has been 
given to one. One patient had a deep-vein thrombosis 
ipsilaterally, and two had it contralaterally. Throughout 
this experience, we have constantly wondered whether 
postoperative venous thrombosis would prove to be an 
important deterrent, but fortunately it has not been so. 
The overall occurrence of deep venous thrombosis has been 
5%. There was a single instance of wound hematoma and 
there were three instances of temporary lymph accumula- 
tion in the groin wound. 

These patients have all walked the day after surgery and 
have not experienced a large amount of pain, except 
occasionally. Each limb has been eneased in elastic 
bandages from the toes to the proximal thigh for two to 
three weeks, following which we have insisted the patient 
wear a custom-fit stocking for a minimum of a year after 
operation. Thereafter, the stocking situation has been 
individualized. Contaet has been lost with a good many of 
these patients who came from a distance. All have been 
sent home with a tip-back chair to encourage foot and limb 
elevation with better venous return, and this simple device 
has been enthusiastically accepted by all. 


COMMENT 


The field of venous reconstructive surgery continues to 
be associated with frustrating problems, ignorance of 
facts, and continuing need for clinical evaluation. Among 
the unsettled points are the following. 

How many postphlebitic patients are suitable candidates 
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Fig 6.—Phlebogram shows pa- 
tent anastomosis between sa- 
phenous vein and porliteal vein 
just above knee bypessing oc- 
cluded superficial femoral vein. 





Fig 7.—lliac compression syn- 
drome. Aortic bifurcation has 
been mobilized and crossing 
right common iliac artery is 
elevated by tape. Venotomy 
opening in left common iliac vein 
is seen with stay sutures in its 
lips. Within iliac vein are seen 
remnants of webs that consti- 
tuted end result of eérlier throm- 
bosis. 





for venous reconstruction? There are no reliable data 
available at present. The answer probably can be obtained 
by repetitive clinical and phlebographic examinztions of a 
consecutive series of postphlebitie patients to determine 
how many would find operative procedures useful. Since 
recanalwation of thrombosed veins increases with the 
passage-of time, it is estimated that the percent cf the total 
will be small, perhaps 1% or 2%. To these patients must be 
added persons in whom severe symptoms of verous occlu- 
sion develop because of malignant tumors, as vell as the 
occasional patient with iliae venous obstruction. 

Why do thrombosed veins tend to reopen by recanaliza- 
tion, whereas thrombosed arteries remain closed and col- 
lateralization is the body's repair mechanism? This intrigu- 
ing difference in the body's response to IV thrombosis vs 
arterial thrombosis has never been satisfactorily ex- 
plained. It is of interest that the low-pressure pulmonary 
arterial system follows the same pattern of reopening as 
the peripheral venous system, since embolism and throm- 
bosis of the pulmonary arteries tend to recanalize or even 
completely disappear in relatively short periods o? time. An 
explanation of this phenomenon might very well shed light 
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Fig 8.—lliac compression syndrome shown preoperatively with 


collateral venous circulation outlined by arrows and imprint of © 


crossing right iliac-artery shown occluding left common iliac vein. 
Postoperatively, patient was clinically relieved and collateral 
circulation has compretely disappeared. 


on the whole problem of vascular thrombosis. 

Is a temporery arteriovenous fistula useful? Frileux et 
al Erug et al and Dumanian et al" have created 
temporary fistulas distal to the venous anastomosis to try 
to increase the patency rate via increased flow of blood 
withir the veins. Hobbs” has also recommended this after 
observing such in both Germany and Russia. Whether this 
increase in the magnitude of the operation and the neces- 
sity fer a laterssecondary corrective procedure will offset a 
high patency rate is still unknown. We have had no 
personal experienee in creating such prophylactic fistu- 
las. 

What is the role of IV valvular repair? Kistner” partic- 
ularly has emphasized the importance of intact valves in 
the femoral vein and has devised operative methods to 
repair damaged venous valves. He has also described 
ingenious metaods-of transplantation of the veins around 
the reute of tae thigh to ensure valvular competency at 
that ‘evel. Assal* has approached the problem by free 
transplantation of veins containing valves with reported 
success. We have searched for such patients unsuccessfully 
during the past two years and are therefore unable to 
comment further en the matter. 

Is venous reconstruction of practical value at present? 
These operatiens kave proven to be relatively simple and 
safe, and even when they fail do not ordinarily worsen the 
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situation in a leg that is plagued by edema and pain. 

In 1977, Smith and Trimble” were able to collect data on 
100 crossover vein grafts from six reports; these were 59% 
“excellent” and 17% “good” results, as opposed to 24% 
"failures." Husni's 1978 report™ of 85% patency among 39 
crossover grafts and our present series with 77% excellent 
and partial relief suggest that three of four selected 
patients may expect improvement after a relatively simple 
and safe operation. Further evidence of success is the 
reduetion in ambulatory venous hypertension documented 
by Husni.’ | 

The results of the saphenous-popliteal anastomosis at 
the knee level are promising but fewer have been done. 


Smith and Trimble?* collected 59 cases with 76% success, 


whereas Husni'* has reported 66% patency among 18 cases. 
We regard the saphenous-femoral anastomosis as promis- 
ing but unproved. 

The arm-vein transplant to bypass the oecluded caval 
and iliac vein has not to our knowledge been successfully 


performed to date. It is proposed as a reasonable possibility | 
for relief for some of these patients who are severely - 
handicapped and who therefore may be willing to under- Ves 


take an unproven procedure. 


The recognition of left iliac venous obstruction by the - 
crossing iliac artery is slowly increasing. Here, again, the p 
incidence is not yet known nor is it certain how many of 
these patients require operation as opposed to those who - 
have minimal symptoms and are better managed without | 


an operative procedure. 
Smith and Trimble” have now followed up 30 such 


women and operated on 14. Their collected series of S 


patients from four reports,'*^*^ including 14 operations 


reported by Trimble et al** shows an 85% rate of improve- - 
ment among 55 patients. Cockett, on the other hand, has - 


found that "the direct surgery of iliac obstruction in the 
chronie phase is unsatisfactory" after operating on 30 
patients with the use of several methods. At present, we 
recommend operation only for patients whose symptoms 
are severe and who will accept operation with the knowl- 
edge that, while it is technically feasible, there is not a 
large experience on which to base judgment. 


Figure 8 is reproduced with permission from Year Book Medical Publish- 
ers Ine, Chicago. 
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Discussion 


Eras A. HusNr MD, Cleveland: This report addresses the 
subjeet of venous reconstruction in a comprehensive and erudite 
manner. I shall, therefore, reserve my remarks to emphasize 
certain points. (1) The procedures are simple and very rational, 


since they are but an imitation of the natural phenomenon of the 


m EE - 


a Abe 1 


development of collaterals. (2) No ill effects have ever plagued the 


E patients whose procedures are failures in these procedures. 


. The results of our experience, now numbering over 120 cases, 


E parallel those of Dr Dale's. In cases of extraluminal obstruction to 
- the iliac veins, success can be guaranteed. The results are good in 
. ease of trauma (patency rate over 85%) and these may be especially 


important in the salvage of limbs and extremities. In cases of the 
saphenopopliteal bypass grafts, the results have only been fair. 
. But to improve these results, we have elected to remove the lower 


- saphenous vein, remove the medial cutaneous of the leg, and ligate 


¢ 


its perforators, thus reducing the cross-sectional area of the 
venous pool in the leg and encouraging more flow through the deep 
venous system. 

Relative to the role of the adjuvant arteriovenous fistula, we 
have only used it in seven cases. It failed in two, and in one it had 
to be taken down prematurely because of severe lymph accumula- 
tion in the upper thigh and the groin. Relief was prompt and there 
was no adverse effect on the bypass graft. 

Although the value of the arteriovenous fistula has been estab- 


lished in the laboratory, its role is very questionable in the routine 
case. Our failures occurred in only three situations: when the 
bypass graft is of small caliber; when the venous hypertension was 
mild to moderate, that is, less than 80% of the standing venous 
pressure: and when a thrombectomy or an endophlebectomy had to. 
be performed prior to the anastomosis. Perhaps in these patients 
the role of the arteriovenous shunt may be better defined. 

An arteriogram should show the femoral artery, the arteriove- 
nous fistula and the beginning of a saphenofemoral bypass graft, 
and subsequently filling the bypass graft and crossing over to the 
opposite-side. One should note the enormous engorgement of the 
collaterals, most likely because of the arteriovenous fistula. A 
phlebogram taken after the fistula has been taken down will show 
that the bypass is still functioning and that the collaterals have 
probably slightly decreased in size. 

Dr DaLe.—The question of postoperative venous thrombosis is 
frequently raised and would seem likely to be high in such 
procedures. We feared this would occur, but it has not. Among the 
60 procedures performed, there have been three instances of 
venous thrombosis, and, interestingly enough, two of those were in 
the contralateral nonoperated leg and only one in the ipsilateral 
operated leg. So at the present, it looks as though the venous 
thrombosis is not a particularly dangerous hazard for these 
procedures. 


CORRECTION 


Error in Abstract and in Text.—In the article titled “Wound Infection in Patients 
Undergoing Total Hip Arthroplasty,” published in the July ARCHIVES (114:815-823, 1979), 
an error occurred in the first line of the abstract. The figure in parentheses should read 
2,537 A. Another error occurred in the text, page 819. right-hand column, the first full 
paragraph. It should read as follows: We do not agree with the conclusions of the National 
Research Council's study of 1964.°°° We believe that study indicated that whenever UV 
light was used, the incidence of infection when refined clean cases were involved was 


diminished. 
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Somebody had to be a tray robber. 
Even than, some of the collected instruments might not have been 
quite what was needed—or in the best of condition. 
Ourexclusive Noon A-V Fistula Kit* changes all that. It's a com- 
olete set of delicate instruments needed for this procedure, neatly 
— organized and protected in a sterilizing case. 
There are 23 instruments in all, including four 
new Noon clamps with thinner jaws for delicate 
vessels, fine vascular scissors and the Noon 
tunneler and graft passer. The kit can also be 
used in surgery on any small peripheral vessel. 
In short, it's a coordinated approach to 
A-V fistula surgery that assures you of the 
right instruments without the uncertainties 
of pilfering. Call us toll free and we'll send 
you a complete description: 800-225-0462. 
Codman, Randolph, Mass. 02368. 


“Developed with George Noon, M.D., Baylor College of Medicine, Houston. 


(04978 Codman & Shuñleff, Inc. Co dman 
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Venous Angiography of 


~ Seth 


Subcutaneous Hemodialysis Fistulas 


Charles B. Anderson, MD; Louis A. Gilula, MD; Gregorio A. Sicard, MD; Edward E. Etheredge, MD, PhD 


* Venous angiography was performed on 256 subcutaneous 


, arteriovenous dialysis fistulas. The technique involves tempo- 


rary arterial inflow occlusion, needle injection of contrast mate- 
rial into the venous segment, and rapid sequence roentgeno- 
grams as arterial flow is restored. It requires no fluoroscopy or 
catheterization, avoids trauma to either the brachial or axillary 
arteries, and can be performed on an outpatient basis. Indica- 
tions for fistulography included technical complications during 


. dialysis, high-output cardiac failure, aneurysms, sepsis, and 


other reasons. Studies demonstrated significant stenosis or 
occlusion, insignificant stenosis, malpositioned needles, exces- 
sive fistula flow, aneurysms, thrombus formation, maturation 
failure, and other and normal findings. Only one study caused 
fistula thrombosis. Ninety-one percent of the studies provided 
information useful in the overall clinical management of the 
patients. 

= (Arch Surg 114:1320-1325, 1979) 


Y j ith the ever-expanding, long-term hemodialysis 

population, subcutaneous arteriovenous fistulas 
(AVF) have become the preferred method for maintaining 
vascular access. The initial procedure described by Brescia 
et al' in 1966 has been modified many times using new 


materials and a large variety of innovative techniques. 


Although the literature is replete with information on new 
and varying methods to construct AVF, an equally impor- 
tant issue is the management of complieations in fistulas 
that were previously functioning satisfactorily. Expedient 
solutions to these complications are important for two 
reasons. The first is that there is a need to conserve the 
limited number of available vessels. The second is that 
satisfactory revision of malfunctioning subeutaneous AVF 
is essential if immediate uninterrupted use of the fistulas 
is to be maintained. 

Since 1973, we have used the technique of venous fistu- 
lography to assist us in the overall management of patients 
who have problems with their arteriovenous subcutaneous 
dialysis fistulas. This technique has proved to be a safe, 
reliable, and effective method of roentgenographically 
demonstrating both the arterial and venous components of 
the AVF by injecting the venous limb or graft portion of 
the fistula, thus avoiding arterial catheterization. It has 
become an essential tool in the investigation of malfunc- 
tioning AVF. This report updates a previous description of 
the technique,‘ analyzes application of the procedure in 
providing useful information in the clinical management 
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of the patient, and presents representative cases to empha- 
size important findings. 


METHOD 


When fluid is inserted into a passive system of tubes, it diffuses 
to fill the entire system. Therefore, injection of contrast material 
into the arterialized venous limb of an AVF, which has had its flow 
stopped by application of a blood pressure cuff to the upper arm, 
will result in the contrast material diffusing throughout not only 
the venous limb but retrograde through the anastomosis irto the 
arterial segments. 

With the patient in the supine position and a blood pressure cuff 
placed around the upper arm, preliminary films are expcsed in 
both the anteroposterior and lateral projections, with the roent- 
genographic tube centered on the fistula anastomosis. A 19-gauge 
scalp vein needle is aseptically inserted into the venous limb of the 
fistula with the tip directed toward the anastomosis. The needle, 
attached to connecting tubing, is flushed with heparinized saline 
solution (10 u/mL) to prevent clotting. A 20-mL syringe is used to 
inject 20% methylglucamine diatrizoate contrast material (60% 
methylglucamine diatrizoate diluted with sterile saline tc 20%). 
The blood pressure cuff is inflated to 250 mm Hg to occlude all 
blood flow in the arm. During a four-s interval, a 20-mL bolus of 
contrast material is injected manually. The filming sequence 
starts 0.5 s before the end of injection and the blood pressure cuff 
is released one s later. Rapid filming is performed at 2/s for four s. 
This technique visualizes both the arterial and venous limbs with 
contrast material flowing distally in the artery and proximally in 
the veins, thus allowing differentiation between these vessels. 

The fistula is examined with two right-angle projections. Addi- 
tional oblique views are obtained to clarify overlapping vessels. 
Variations of the technique can be used to demonstrate only the 
main draining vein or demonstrate saphenous vein-popliteal 
artery fistulas Dilution of the contrast material to 20% prevents 
the severe burning sensation associated with arterial injec-ion of 
concentrated 60% methylglucamine diatrizoate. Care should be 
taken to make the procedure as comfortable as possible because 
patients who have recurrent problems will frequently require 
reexamination. 


CLINICAL MATERIAL 


From 1973 through the first quarter of 1979, 256 consecutive 
fistulograms of arteriovenous dialysis fistulas were performed. 
One hundred sixty-one patients were examined: 100. once; 39, 
twice; 15, three times; 4, four times; 1, five times; and 2, six times. 
Patients ranged in age from 6 to 78 years, with a mean age of 
46 * 14 years. Eighty-five percent of the patients were between 
the ages of 21 and 60 years. There were 141 females (55%) and 115 
males (45%). Seven examinations were performed in 1973 47 in 
1974; 43 in 1975; 43 in 1976; 37 in 1977; 56 in 1978; and 23 in the first 
three months of 1979. 

Initially, the decision to use this technique varied aceorcing to 
the experience and preference of the attending physicians and 
vascular surgeons. It has now become a standard investigative 
procedure prior to fistula revision. All fistulograms were reviewed 
with the radiologist prior to final decisions on clinica. manage- 
ment and prior to all operative procedures. Use of the fistulogram 
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! Table 1.—linical Indications for Fistulography 


Tecamcal complications 


























Reduced arteria: inflow 83 
Increased veros resistance 36 
D*ficult needie «annulation 19 
Maturation falc 17 
Absent pulsatices: 12 
Corts withcraw7 during dialysis 7 
Repeated fistue c'otting 3 
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Table 2.—Anatoar-cal Configuration of Arteriovenous Fistulas 










Wrist 
Cephalic vein-redial artery . 
End vein-sidecartery , 111 
Side vein-sid= artery 62 
End vein-enc artery 21 
Total ave 
Cther 10 
side vein-sd= eatery 10 
Bovine artery heveregraft 
Forearm 15 
Arm 8 
Thigh 4 
Total 27 


findings in the diical management of the patient was reviewed 
retrospectively wi-: regard to the method of management and the 
final oateome. All patients were followed up for a minimum of two 
months after beme studied. 


RESULTS 
Primary Indication for Fistulography 


Although these may have been several reasons for 
perfarming fistulegraphy, the most important indication 
was seleeted for tabulation in Table 1. In 177 cases, there 
were technical e»mplieations with maintaining blood flow 
during dialysis Approximately, half of these problems 
involved redue-l arterial inflow and about one fifth 
involved increased resistance to the venous return of blood. 
Suspected higa-eutput cardiac failure secondary to exces- 
sive astula bleed Sow accounted for 37 studies. Swelling 
about the fistula site led to ten studies and, in five of these, 
it wes difficult te distinguish true aneurysmal enlarge- 
ment from subcutaneous hemorrhage after needle with- 
drawal. Early inoar experience, we undertook most of the 
studies attempting to discern vegetations or thrombi in the 
fistula that might account for sepsis of undetermined 
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Diagnosis No. 
Significant vessel stenosis 
Artery 29 
Vein 26 
Anastomosis 6 
Total 61 
Insignificant vessel stenosis 
Artery 10 
Vein © 9 
Anastomosis 3 
Total 22 
Vessel occlusion 
Artery 3 
Vein 24 
Anastomosis 4 
Bovine graft 4^ 
Polytetrafluoroethylene graft Bo 
Total 37 
| Poorneedlepacemet — — 1 11 20 | 
Aneurysm 
Artery 2 
Vein 5 
Bovine graft 3 
Polytetrafluoroethylene graft 1 
Total 11 
Deep vein 7 


Extensive venous collaterals 
Source of sepsis ruled out 
Excessive flow rate 
Postfistula banding (baseline) 
Steal phenomenon 


co 


EUN 
WD 


No steal phenomenon 2 
Technical complication—fistula clotted 1 
Normal 
Baseline study 3 
Unexpected finding 22 
High flow ruled out 21 
Total 46 
Total 256 


cause. Baseline fistulograms were performed in three 
patients after AVF banding for high-output failure, in two 
patients to determine the exact anatomical configuration 
of the fistula prior to closure, and in one patient with a 
saphenous vein-popliteal artery fistula in which the posi- 
tion of the vein and the configuration of the anastomosis 
were of interest. Five patients were examined because of 
upper extremity edema and three patients were investi- 
gated because of suspected steal syndrome. The remaining 
ten patients were studied because of pulmonary embolus, 
hand claudication, pain at the needle site, delineation of 
deep subcutaneous veins prior to attempting new fistula 
formation, the absence of easily discernible veins, and for 
unknown reasons in five instances. 


Anatomical Configuration of Fistulas 


The anatomical configurations of the fistulas are given 
in Table 2. The majority of fistulas were of the cephalic 
vein-radial artery type in the wrist. Bovine carotid artery 
heterograft fistulas (BCAH), expanded polytetrafluoroeth- 
ylene (PTFE) graft fistulas, and anticubital fossa fistulas 
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Complication 
Identified-operative correction successful 55 









Identified-operative correction failed 3 
Identified-died or transplanted before cor- 

rection 7 
Identified-observed only 2 
Identified-converted to bovine graft 3 
Identified-converted to polytetrafluoroeth- 

ylene 12 
Not significant—continued use of fistula 40 
Not correctable—new vascular access site 34 
Total 156 

High flow 

Diagnosed-confirmed at operation and cor- 

rected 12 
Diagnosed-not confirmed at operation 2 
Diagnosed-died before operation 1 
Diagnosed-no operation 1 
Not diagnosed—operation avoided 17 
Not diagnosed—normal flow measured at 

operation 4 
Total 37 















Steal phenomenon 
Identified—operative correction 


Not identified —operation avoided 
Total 


use of fistula 22 
256 


Total 







1 
2 
3 






between the brachial artery and an anticubital vein 
accounted for most of the remaining types. 
Fistulography Diagnosis 

The primary diagnosis for each fistulogram is given in 
Table 3. Although several findings were often present, only 
the primary one was listed to simplify presentation of the 
data. Fistula stenosis was considered significant if there 
was greater than 75% lumenal narrowing and insignificant 
if there was less than 75% lumenal narrowing. The inci- 
dence of vessel stenosis in the arteries and veins was about 
equal, with actual involvement of the anastomosis much 
less common. Vessel occlusion, most often seen in the vein, 
still provided useful information in that additional vessels 
were identified for use in revision of the fistula. Malposi- 
tioned needles were identified in 20 cases by performing 
the fistulogram through needles previously placed for 
routine hemodialysis, or through a new needle placed for 
fistulography, but with the original dialysis needle still in 
place. In nine patients, thrombus material was noted in 
patent veins. Maturation failure, primarily manifested by 
a 2- to 4-em nondilation of the proximally directed vein 
nearest the anastomosis, was seen in nine patients. Aneu- 
rysms were encountered in 11 patients, and in seven 
patients veins located too deep for cannulation were noted. 
In two patients, extensive venous collaterals were the 
primary diagnosis. In eight patients, the fistulogram ruled 
out a source of sepsis. In 16 patients, excessive fistula flow 
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Table 5.—Operations After Fistulogram 





























Operations No. 
Revision of fistula 
Convert to end-to-end 7 
Anastomosis revision 22 
Segmental venous resection 20 
Superficialize deep vein 3 
Endarterectomy 1 
Thrombectomy 3 
Resect aneurysm 
Convert to polytetrafluoroethylene graft 12 
Convert to bovine graft 3 
Total 76 
Construct new vascular access site 
External shunt 14 
Wrist fistula 9 
Bovine graft 6 
Polytetrafluoroethylene graft 5 
Total 34 
Banded high flow fistula (one steal) 10 
Ligate distal artery—high flow fistula 3 
Explored for high flow—normal fistula 5 
Explored for low flow—normal fistula 1 
Closed fistula—recovered acute tubercular 2 
necrosis 
None 125 
Total 256 






rates were demonstrated (We have correlated fistulogram 
washout rates with subsequent operative electromagnetic 
flow probe readings of AVF blood flow and have concluded 
that complete emptying of the main draining forearm 
venous limb in less than 1.5 s is associated with fistula flow 
rates in excess of 700 mL/min). Three fistulograms were 
undertaken after fistula banding to demonstrate a 
decrease in the diameter of the banded artery or vein. The 
steal phenomenon was identified in two cases and was 
ruled out in two others. In one instance, although the 
fistula had been intermittently clotting, an important 
technical complication involved final clotting of the fistula 
after performance of the fistulogram study. Five addition- 
al patients had minimal extravasation of contras: material 
that did not affect fistula function and did not obscure 
interpretation of the fistulogram. In 46 patients, a normal 
study was identified; three involved baseline studies: 22 
were unexpected findings; and in 21 instances excessive 
fistula blood flow was ruled out. 


Fistulography and Clinical Management 


Table 4 outlines the correlation between the fistulogram 
and the clinical management of the patient. In 82 patients, 
a correctible complication was identified. Of these, 70 were 
successfully repaired, three failed, seven died or had 
transplantation before correction could be undertaken, and 
two patients did not proceed to operative repair. In 34 
patients, the lesion was deemed not correctable, and a new 
vascular access site was formed. In 40 patients, the lesion 
was not significant, and use of fistula was continued. 
Malpositioned needles were identified in 20 patients, and 
repositioning the needles avoided operation in all. All eight 
patients studied because the fistula site was suspected as a 
possible source of sepsis were determined to have no 
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Fic ~.—Venous limb of end-of-vein 
to side-of-artery fisula is irregularly 
na'rewed (betweem arrows). Proxi- 
mell-, vein is more dilated (V). 
Stenosis atso invol»es distal arterial 
limb at anastomosis (arrowhead). 
Repair involved replacement of 
invowed segment with polytetra- 
fluoroethylene grat. 


infection in the fistula. Of the 37 patients investigated 
because of potertial high flows through the fistula, 12 had 
a positive diagnosis that was confirmed and corrected at 
subsequent surgery, two (early in our experience) had a 
pos tive reentgenographic diagnosis that could not be 
con irmed with -lectromagnetic flow probes at operation, 
twc with a positive diagnosis either died before operation 
or Fad ne operative intervention. In 21 patients, a diagno- 
sis of high flow «ould not be established and in 17 of these 
pat ents, operat.on was avoided. Early in our experience, 
four patients dil undergo operative blood flow studies to 
rule out high flow and to confirm the fistulogram interpre- 
taton. 

In two patiemts, the steal phenomenon could not be 
identified and hus operation was avoided, and in one 
patient the stea` phenomenon was identified and operative 
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Fig 2.—Multiple stenoses (arrows) and 
clot (short arrows) involve main drain- 
ing vein. Extravasation (black arrow) 
occurred out of fistulogram needle but 
did not obscure fistulogram findings or 
permanently damage fistula. Correc- 
tion involved thrombectomy and patch 
venoplasties of narrowed segments. 





Fig 3.—Side-of-vein to side-of-artery fistula with 
stenoses involving distal arterial limb (black arrow) and 
distal venous limb (white arrow). Proximal venous limb 
is occluded (arrowhead); proximal arterial limb is A. 


correction ensued. Deep veins were correctly identified for 
use in fistula construction in three patients, and in six 
patients a normal baseline study was intentionally 
performed. Twenty-two patients had a normal study that 
resulted in avoidance of an operation and continued use of 
the fistula. Only one patient had a substantial complication 
(0.4%). The fistula clotted after fistulogram and no impor- 
tant clinical information was obtained. Of 256 fistulo- 
grams, 232 (91%) provided information important in the 
overall clinical management of the patient. Eighty-nine 
studies resulted in operative repair of the fistula that was 
successful in all but three instances. 


Operations After Fistulography 


During the two months after fistulography, 131 surgical 
procedures were undertaken and in 125 patients no opera- 
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Fig 4.—Maturation failure is manifested by 
diffuse stenosis involving venous limb 
(between arrows) with some proximal 
venous distention (V). Stenosis also 
involves distal arterial limb (arrowhead). 
Conversion to end-to-end fistula by turn- 
ing most distal portion of artery proximally, 
corrected this complication. 


Fig 5.—Two thrombi (arrows) involved 
main draining venous limb. Removal of 
both salvaged fistula. 





Fig 6.—Multiple aneurysms (arrows) in- 
volved main venous limb and some adja- 
cent veins of side-to-side fistula (arrow- 
head). Because of progressive aneurysmal 
enlargement and thinning of skir, fistula 
was revised to end-to-end type. 


Fig 7.—Fistulography needle (short arrow) 
lies within vein lumen. Venous dialysis 
needle (long arrow) projects out of main 
draining vein (V). Repositioning needle 
rectified problem. 





1324 Arch Surg—Vol 114, Nov 1979 Venous Angiography—Anderson et al 


$. 





duo RU LIS " 

tion was necessary (Table 5). Seventy-six operations 
involved revision of the AVF and 34 involved construction 
of a new vascular access site. Ten fistulas were banded and 
three had distel artery ligation for high flow. In the early 
part of our study, five fistulas were explored for potential 
high flow rates although normal flow was identified at 


operation. 


COMMENT 


Venous angiography has come to be our standard meth- 
od of investigating malfunctioning subcutaneous arterio- 
venous hemodialysis fistulas. It is a safe, effective, and 
reliable method of demonstrating both the arterial and 
venous components and has provided information useful in 
planning the overall management of the patient in 91% of 
the studies. The single, serious complication in 256 studies 
involved thrombosis of an already poorly functioning fistu- 
la. 

Although Gothlin and Lindstedt have advocated 
brachial angiozraphy to examine forearm AVF in long- 
term hemodialysis patients, we believe our technique 
offers advantazes in that it involves the use of a small 
needle and verous rather than arterial cannulation, it can 
be performed routinely on an outpatient basis, it requires 
no fluoroscopy or catheterization, it is technically simpler, 
it avoids trauma to either the brachial or axillary arteries, 
and because ef temporary arterial inflow occlusion, it 
visualizes more completely forearm communicating veins 
that can be used in fistula revisions. 

It is important that the roentgenographic findings be 
properly corre.ated with the history of technical dialysis 
problems and the physical examination of the fistula. 
Simultaneous -eview of the fistulogram between the radi- 
olegist and the referring physician is essential to obtain 
maximum information. Additional oblique views and 
subtraction studies can enhance the fistulogram find- 
ings. | 
Fistulography is helpful in many situations. Specific 

localization of stenotic lesions permits a direct, limited 
operative approach, avoiding unnecessary dissection to 
determine the extent of vessel involvement (Fig 1). More- 
over, the presence of a second more proximal stenotic or 
oceluded segment can be identified that might have been 
missed on physical examination (Fig 2). The involvement 
of several fiscula limbs can be delineated. This often 
requires revision to an end-to-end configuration (Fig 3). 
Even with some extravasation, useful information can be 
obtained (Fig 2). 

With maturation failure, the extent of the venous limb 
narrowing is outlined and the feasibility of operative 
correction more easily assessed (Fig 4). When multiple 
venous thromboses are present, it is essential not to 
overleok the more proximal lesions during thrombectomy 
(Fig 5). Subewtaneous swellings in close proximity to the 
AVF may represent hematomas or aneurysms. The size, 

number, and beation of aneurysms can be clearly visual- 


"ized prior to resection and repair (Fig 6). Inaccurate 


placement of dialysis needles can be easily verified by 
performing the fistulogram through the needles used for a 
specific dialysis (Fig 7). Repositioning the needles will 
resolve the problem. 
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Equally important is that the fistulogram can identify 


those fistula complications that are not suitable for — 


attempted repair. This permits immediate construction of 
a new fistula at a different site. Often a portion of the vein 
originating from the feeding artery may be found suitable 
for constructing the arterial inflow for a PTFE or BCAH 
graft conversion of the fistula. ! 
Some of the most important studies are those that show 
insignificant abnormalities or normal fistulas. In these 
cases, operative intervention can be avoided and the fistula 
is continued to be used. Many referrals to the vascular 
surgeon result from minor difficulties with the AVF by 


dialysis personnel. Demonstration of a normal wellfune- 


tioning AVF lends support to the surgeon's recommenda- 
tion that further careful attempts to use the AVF be 


explored rather than proceeding to revision of the vascular | 


site. 


Vascular roentgenographic studies are an integral part - 


of the preoperative evaluation of patients with peripheral 
vascular disease prior to undergoing major vascular opera- 


e "o MRNA 


tions. Similarly, we believe that venous angiography i8 


important in the assessment of malfunctioning, chronic 
hemodialysis fistulas, and should be standard as a preoper- - 


ative assessment before attempting fistula revision. The - 


selective use of venous angiography should be considered 
by nephrologists and vascular surgeons who must manage 
AVF complications. 
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Discussion 


GERARDO J. MENDEZ-Picon, MD, Richmond, Va: The amount of 
patients receiving hemodialysis has increased dramatically during 
the last five years. It has been estimated that 80,000 patients 


would be receiving hemodialysis in 1983. At the Medical College of — 


Virginia, Richmond, we have a similar experience to that of Dr 
Anderson. Of 500 patients who underwent grafts for vascular 
access, the rate of reoperation was 1.5 per dialysis year after the 
original procedure. The method that he has described avoids the 
use of regular angiography to visualize the entire venous and 
arterial system of the extremity involved. 


By using this method, it is possible to optimize the treatment - 


and corrections of the complications of the vascular access in this 
group of patients. This will result in reduced operative cost and 
time in the hospital. 

Dr ANDERSON: We have had experience with more than 1,500 
vascular access procedures at Barnes Hospital since 1973, and one 
of the most difficult problems is the reoperation of these patients. 
This study has permitted us to clearly identify where the problems 
often lie and has limited us to exploring those cases where we can 
do some good. | 
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. Thoracic Aortic Imaging 


Without Angiography 


John H. Sanders, Jr, MD; Salvador Malave, MD; Harvey L. Neiman, MD; John M Moran, MD; 


Arthur J. Roberts, MD; Lawrence L. Michaelis, MD 


* Imaging of the thoracic aorta without recourse to angiogra- 
phy has great theoretic appeal. We have used computerized 
tomography (CT) in the initial evaluation of 297 patients with 
suspected mediastinal disease. Nineteen of this group had 
important findings related to the thoracic aorta: aortic dissection 
(six), descending thoracic aortic aneurysm (nine), suspected 
aortic trauma (three), and suspected false aneurysm at a coarc- 
tation repair (one). In all cases, the aorta and related pathology 
were readily demonstrated by CT, aided by the intravenous 
infusion of contrast material. In 13 of 15 cases, aortic dissection 
and aortic aneurysm could be accurately diagnosed. In two 
instances of ascending aortic dissection, it was not possible to 
distinguish the false lumen from mural thrombus in an athero- 
sclerotic aneurysm. 

(Arch Surg 114:1326-1329, 1979) 


n the first few months after our acquisition of a whole 
body scanner, it became evident that its ability to 
resolve mediastinal abnormalities was far greater than we 
had hoped. With this in mind, we carefully noted all 
patients studied because of suspicion of mediastinal 
disease with a particular emphasis on those who might 
have aortic problems. 


PATIENTS AND METHODS 


Between Aug 1, 1977, and June 1, 1979, a total of 297 patients 
underwent computerized tomography (CT) of the chest because 
plain x-ray films suggested mediastinal disease. The CT scans 
were performed with a whole-body scanner. The sections were 1.3 
em thick. All patients had intravenous infusion of 300 mL of 30% 
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contrast material for enhancement and better delineation of 
vascular steuctures. Some patients were scanned both before and 
after contrast injection. 

Nineteen patients were suspected of having severe disease 
involving the thoracic aorta; 14 of this group underwent conven- 
tional angwgraphy. The remaining 278 individuals were subse- 
quently shcwn to have primary or metastatic neoplasms of the 
chest. We reviewed all studies individually on a retrospective basis 
to determine the diagnostic accuracy of the technique. 


RESULTS 


The findings in patients with suspected vascular pathol- 
ogy is shawn in the Table. In two of the four patients with 
ascending aortie dissection, widening of the ascending 
aorta was seen, but CT could not distinguish between the 
false lumen of aortic dissection and the laminatec throm- 
bus of aartic aneurysm. The final diagnoses were as 
follows: 


No. of 
Patients 
(N = 19) 

Ascending-aortie dissection 
Descending aortie dissection 2 
Descending aortic aneurysm 9 
3 
1 


= 


Question of trauma to descending aorta 
Question of false aneurysm of intrathoracic graft 


In all other instances, the aorta was readily visualized by 
CT scanning and an accurate diagnosis could be made. One 
patient wrh an ascending dissection (patient 3) was stud- 
ied one year following a successful repair. The Tedon felt 
of the "szudwich" repair could easily be seen. The aorta, 
from valve to bifurcation, could be visualized without 
evidence »f continued patency of the false lumen or 
aneurysm formation. 

In cases of aneurysm involving the entire aorta, CT 
scanning ellowed exact definition of the extent of lami- 
nated thrambus and its relation to the patent lumen. In 


Thoracic Aortic Imaging—Sanders et al 


VEMEUONSINICNSERCOOENJNUG. . eS CL DO ERO GN OS — 
dubias ODORE SPAN 1, er EET SRF HWEPDEENENSEERSMETYS 
4 ja mA. ? de A ~ - E 27 y £" et a <i? ix E . rua TS " , 


t 


Nineteen Patients With Suspected Disease of Thoracic Aorta 
















Chest Computerized 
Patent Roentgerogram Angiogram Tomography (CT) Surgery Comment 
1 Prominert dœ- Type III dissection with Same No Subsequent CT showed no en- 






































































































scendirg sorta patent false lumen largement 
2 Prominert escend- Type Il dissection Ascending aortic aneu- Repair of type II CT did not show false lumen, but 
ing aora rysm aortic dissection did show aneurysmal dilation 
3 Normal Preoperatively, type II dis- | Postoperatively, norma! Repair of type Il 
section true lumen, no false aortic dissection 
lumen 
4  Normai Type Ill dissection Type III dissection No False lumen seen by CT 
5  Enlargec ascending Chronic type I| dissection False lumen in descend- Aortic valve re- CT did not show ascending aortic 
and descending ing, but not ascend- placement - dissection, but did show aneu- - 
aorta ing, aorta rysmal dilation 
6  Eniargec descend- Descending thoracic aor- Descending thoracic No CT showed size and location of 
ing aorta tic aneurysm aortic aneurysm clot better than angiogram 
7  Eniargec descend- Descending thoracic aor- Descending thoracic No 
ing aorta tic aneurysm aortic aneurysm 
8 Enlarged descend- Not done Descending thoracic No 
ing thoracic aortic aneurysm with 





aneurvsm laminated thrombus 

9 Enlarged aertic tho- Chronic type | aortic dis- Ascending aortic dis- Mitral valve re- 
racic aneurysm section section with normal placement 

descending thoracic 

aorta 

10  Enlarged cescend- — "horacoabdominal aneu- Aneurysmal aorta from No Follow-up CT showed no change 

ing thorazic rysm valve to iliacs 

aneurysm 

Left-sided chest Not done Saccular descending No 

mass thoracic aortic aneu- 





































11 



























rysm 
12  Left-sided zhest Not done Thoracoabdominal No 
mass aneurysm 
13  Left-sided chest Not done Normal graft at site of No CT ruled out false aneurysm at 







mass repaired coarctation graft site 


14  Widened superior Anterior mediastinal he- CT ruled out traumatic aortic rup- 
mediastinum matoma ture 

15 Left hilar mass Descending thoracic aor- Descending thoracic No 

tic aneurysm aortic aneurysm 

18 Fracture 7-4 with Normal Paraspinous hematoma; No 
widemec medias- normal aorta 

tinum 













Normal 
































17 Fracture 7-4 and T- Not done Bilateral pleural effu- No 
5 wit» cslocation sions; mediastinum 
and "wicened me- widened away from 


diast num aorta 


18  Widened mediasti- Not done Small descending tho- No Aortic dissection ruled out early in 
num qeestion of racic aortic aneurysm; hypertensive crisis 
aortic c'ssection no dissection 


19  Enlarged descend- Thoracoabdominal aortic Widest portion of aneu- Replacement of Extent and size of aneurysm 
ing hosacic aneurysm with involve- rysm in descending descending aor- shown best by CT 
aneurysm ment of aortic arch aorta, with laminated ta 

thrombus extending 
into abdominal aorta 
































additien, accurate staging of the vertical extent of the Although none of our three patients with a question of 
aneurysm was possible (Fig 1). aortic trauma had damage to the vessel, the location of the 

Both patients with descending aortic dissection were hematoma giving rise to the widened mediastinum was 
shcwn by CT seanning to have patent false lumina limited ^ seen in each case to be separate from the thoracic aorta 
to -he theraeic ærta distal to the left subclavian artery, but (Fig 2). The single patient suspected of having a false 


normal ascending aortas. The CT scan readily demon- aneurysm at a coarctation repair (patient 18) was shown by 
strated the size and distal extension of descending thoracic CT alone to have a normal graft and normal aorta above 
aortic aneurysms in all nine patients with this condition. and below it. 


The relative size of true and false lumen and the extent of 


laminated thrombus was measured by CT and angiography COMMENT 

with a eorreaton of 0.5 em. However, mural thrombus, Computerized tomographic scanning was introduced in 
fa.se lumer, 3nd overall dimensions of the aorta were best 1973 by Godfrey Hounsfield.' It has been the source of 
measured by CT. considerable controversy because of its high cost, yet has 
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Fig 1.—Left, Angiography shows arge descending aortic aneurysm. Center, Computer- 
ized tomographic (CT) scan shows mildly ectatic ascending aorta (oper arrows), 
enlarged descending aorta (white arrows), and contrast material in true lumen (black 
arrows). Right, CT scan shows aneurysmal abdominal aorta and contrast mate-ial in true 
lumen (arrowheads). 





(arrowheads). Right, Normal aortogram. 


steadily gained ground against this objection. While its 
initial popularity was due to its ability to accurately image 
intracranial lesions, it has become increasingly valuable in 
detecting thoracic and abdominal neoplasms.? Evaluation 
of aortic pathology was reported in 1976 by Axelbaum et 
al' In their discussion, they found imaging of mural 
thrombus and luminal patency difficult, although measure- 
ments of size correlated well with ultrasound, angiography, 
and surgical measurement. 

Recent advances in technology have decreased the period 
of time needed to image a 1.3-cm cross section of the aorta 
from five minutes to 18 seconds for our current machine, 
and scanners are now available that are capable of one 
exposure every two seconds. As in angiography, shorter 
imaging time allows much greater resolution of vascular 
detail. 

Nonetheless, we have been able to obtain consistent 
sharp images of the aorta with our 18-s scanner. This is 
improved by slow infusion of contrast material, and can be 
further enhanced by using intravenous bolus injections of 
50 mL of 30% contrast material for sections of the aorta 
suspected of being diseased on the initial scan. 
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Fig 2.—Left, Chest roentgenogram shows widened mediastinum (white arrows) of 
23-year-old trauma victim. Center, Computerized tomographic scan locates herratoma 
to anterior mediastinum, and shows superior vena cava (v), and ascending aorta 


At present, CT scanning probably has no place in the 
emergency evaluation of acute aortic dissection. While we 
were able to image the false lumen in four of six patients 
with the disease, CT could not distinguish false lumen from 
old laminated thrombus in two patients. The ease of 
outpatient OT scanning and its lower cost (approx:mately 
half that o? angiography) make it ideal for follow-up of 
patients w:th dissection treated by any means. Enlarge- 
ment of any segment of aorta is readily seen. Persistence 
of a false lumen after repair would signal the need for late 
angiography. 

Descendiag aortic aneurysm is easily distinguished from 
a tortuous aorta and extension of the process into the 
abdomen is readily seen by CT (Fig 1). Those who prefer to 
see signs cf enlargement before advising surgery for 
descending thoracic aortic aneurysm may do so by recom- 
mending CT on an outpatient basis, as it has far greater 
accuracy then the chest roentgenogram. False aneurysm at 
an aortic graft site can be ruled out by CT scanning. 

We have deen most impressed by the use of CT in the 
evaluation cf potential aortic trauma. If aortic rupture is 
strongly suspected, we would recommend aortogra»hy as 
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the first preceeure. However, many of these patients have - 


multixole injures that make the less invasive procedure 
attractive. No? cnly is the aorta seen clearly, but the exact 
location of the Juid or hematoma causing the plain film 
finding can be fcund easily (Fig 2). Where the hematoma is 
periaertic, angiegraphy must be done to rule out rupture. 


CONCLUSION 


Computeriz-d tomography in its current form is a 
valuable acjuse- to angiography for the initial evaluation 
and follow-u* of patients with mediastinal disease 
suspected of having aortic disease. While CT scanning does 
not yet have he capacity to distinguish ascending aortic 
disseetion “rom chronic aneurysm, future generations of 
the Geviee wil very likely be able to do so by offering 
better resoluteon at shorter imaging times. 
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Discussion 


Lucian C. Buscae ia, MD, Stockton, Calif: I would like to thank 
the aathors for bringing out the usefulness of the computerized 
tomographie (CT) technique, which can be further extended to 
diseases ef the abdominal aorta. Customary imaging modalities 
like plain flmz, aortography, and B-mode sonography have all 
showa some Im tation in demonstrating the full spectrum of 
prosesses in fhe retroperitoneum and paraaneurysmal struc- 
tures 

Cne diffieult diagnostic problem involved an elderly man whose 
initial present.t»en included hectic fevers, left-sided abdominal 
anc fank pain. bat no physical evidence of aneurysm disease. The 
initizl CT seam showed a process in the left side of the retroperi- 
toneum that ves thought to be due to a "dissection." An aorto- 
gram showed = rather good representation of a Salmonella aortic 
aneurysm at hə terminal aorta, which allowed for a proper 
preparatior of the patient with axillofemoral bypass grafting 
made prior to -h= ligation and resection of this aneurysm. 

Arother pateat was seen in the emergency room hypotensive 
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and anemic. Significantly, the history included a crush injury to 
the left flank 20 years earlier. There was no evidence of aneurys- 
mal disease on physical examination. The CT scan showed an 
aneurysm of the left suprarenal aorta, which was then handled in 
standard fashion. 

Sonography has become the "gold standard," as it were, for 
noninvasive diagnosis in patients with aneurysm disease, yet 
there is a considerable variation in technicians' skill and patients' 
body types and preparation that may affect the validity of this 
examination. One very obese patient did not have aneurysm 
disease recognized on a sonogram. A CT scan correctly portrayed 


an inflammatory style aneurysm. The operative view of this 


aneurysm showed the typical “mother-of-pearl!” laminations of an 
inflammatory aneurysm. | 

In conclusion, we think these cases illustrate a further subpopu- 
lation of patients for whom immediate CT scanning may be a 
preferred method of diagnosis of acute diseases of the aorta. 


DR OCHSNER: The Beatles gave us a lot of good music and I guess - 


we can thank them for the CT scanner because I am told it was one 
of their engineers fiddling with their equipment who dreamed this 
up. It would be nice to think that this could replace aortography in 
the evaluation of mediastinal lesions, and I rise only to raise a note 
of caution. It may even be misleading! 

A few months ago I was asked to see in consultation a 
25-year-old asymptomatic woman who had a radiologically demon- 


strated shadow, paravertebrally behind the heart, and I wanted to 


do an aortogram and was informed by the radiologist that a CT 
scan had been done and although he did not tell me what the lesion 


was—he thought it was a tumor of some sort—he could definitely | 


assure me it was not vascular. When I explored her chest, thinking 
I was going to find a neurogenic tumor, I found a marked 
redundancy of the lower thoracic aorta behind the heart, an 


S-shaped situation, a thing I have never seen before. When I 
informed her husband, he was not particularly pleased that she did — 


not have a neoplasm; he informed me that I had done unnecessary 
surgery and I would hear from his lawyer. It would have been a lot 
simpler if I had done an aortogram. 

DR SANDERS: I would like to thank both of my discussants. I 
agree with Dr Ochsner that there are a number of situations in 


which, at least at the present time, the CT scanner is not the only 


means that should be used for diagnosis. In particular, where a 
serious question is raised about rupture of the thoracic aorta or 
where there is serious consideration of an acute dissection, we 


would proceed directly to angiography without the CT scan. We. 


have, as Dr Buscaglia mentioned, found it excellent for evaluating 
the conditions of patients who have had aortic surgery or who have 
descending aortic dissections that are being followed up medically. 
It is an ideal means of following up these patients for enlargement 
or for formation of a false aneurysm at some later point. 


Thoracic Aortic Imaging—Sanders et al 1329 


Use of Saphenous Vein to Extend and 


Relocate Coronary Arteries 


Clinical Experience During Extensive 


Reconstructive Operations of the Aortic Root 


Clarence S. Weldon, MD; John P. Connors, MD; Mark N. Martz, MD 


è Eight patients with advanced disease of the aortic root 
involving the origins of the coronary arteries have been operated 
on with resection of the entire aortic root including the ostia of 
the coronary arteries. Reconstruction was performed by inser- 
tion of a composite prosthesis; extension and relocation of the 
proximal portion of the coronary arteries was accomplished with 
saphenous vein segments. Two patients had infected aortic 
valve prostheses, three patients had acute aortic dissection and 
three had annuloaortic ectasia. Seven of eight patients survived 
the operation, the only operative death occurring in a patient 
submitted to an operation in a shock state following rupture of 
the aorta. There was, however, a high incidence of subsequent 
late deaths resulting from continued infection and from central 
circulatory failure. An analysis of this series of patients suggests 
the possibility that a reconstruction that relocates and extends 
the proximal portion of the coronary circulation may provide a 
total blood flow that is inadequate or inappropriate, and further 
suggests that the methods used in the reconstruction of the 
proximal circulation may be critical to the prevention of myocar- 
dial hypoperfusion. 

(Arch Surg 114:1330-1335, 1979) 


E far advanced diseases of the aortic root produce 

destruction of the proximal ascending aorta, the 
sinuses of Valsalva, the aortic valve, and the origins of the 
eoronary arteries in combination, thus rendering all of 
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these stractures unsuitable for surgical reconstruction. 
Examples include infections of the aortic root, annuloaortic 
ectasia produced by cystic medial necrosis, and acute 
dissection of the ascending aorta with extension into the 
sinuses of Valsalva and along the coronary arteries. 
Replacement of the ascending aorta and the aortic valve 
with a composite prosthesis in combination with the use of 
saphenous vein segments to extend and relocate the origin 
of the corenary arteries provides a technique for replacing 
or bypass-ng all of the structures of the aortic root. 
Danielson and associates' were the first to recommend 
the saphenous vein bypass of the coronary ostia in a report 
of an operation performed on a 15-year-old boy with a 
staphyloccecal infection of the aortic root. In 1976 Zubiate 
and Kay’ reported the results of surgery performed on six 
patients with large aneurysms of the ascending aorta and 
associated aortic insufficiency in which the entire aortic 
root was resected and replaced with a composite g-aft, and 
the coronary circulation was reestablished with sephenous 
veins interposed between a graft or the aorta distal to the 
graft and the ends or the sides of the coronary a-teries. 
Eight patients with a variety of diseases of the aortic 
root have undergone operations at Barnes Hosoital, St 
Louis, in which the origins of the coronary arter es were 
extended and relocated with the use of sapheneus vein 
segments. Excellent initial results with these procedures 
produced zn enthusiasm that has been dampened by a high 
incidence cf late cardiac-related deaths. This late mortality 
suggests the possibility that the reconstruction of the 
proximal eoronary cireulation provides a total coronary 
blood flow that is inadequate or inappropriate. An analysis 
of our series of patients further suggests that the methods 
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of reconstructiomo® the proximal coronary circulation may 
be critical in tte prevention of myocardial hypoperfu- 
sion Fig 1-3). 

REPORT OF CASES 


Infected Aortic Valve Prostheses With 
Abscess Formation at the Aortic Root 


Case L—A 56-year-old man underwent a series of five opera- 
tions within a 12-month period to treat a staphylococcal infection 
of the aortic valve-and subsequent severe aortic insufficiency. At 
an in:tial operation, the infected aortic valve was excised and 
replaced with a seated porcine bioprosthesis (Fig 1). Despite 
intensive antibio-c therapy, this prosthesis dehisced from the 
aortic reot. At a secend operation, the bioprosthesis was removed 
and replaced wit a Bjork-Shiley prosthesis. Dehiscence of this 
prosthesis oceurrz. It was replaced by a second Bjork-Shiley 
prosthesis at a third operation. Dehiscene of the third prosthesis 
occured in turn, and it was replaced by a third Bjork-Shiley 
prosthesis at a fourth operation. A final operation was performed 
with a plan to ~move the fourth-placed prosthesis from the 
infection site and re»lace it with one higher in the aorta, and at the 
same time to reloest» the origin of the coronary arteries. The aorta 
was entered transversely at a level approximately 2 em above the 
previsus aortic incision. The infected Bjork-Shiley prosthesis was 
remo-ed. Granula-ien tissue was curretted away from the aortic 
valve annulus, ane previously placed sutures were removed. 

A prebe was passed through both the right and left coronary 
arterses to identity the coronary arteries on the surface of the 
heart. The anterior descending branch of the left coronary artery 
and tae proximal “ight eoronary artery were exposed by incising 
the fibrineus endecerdium over them. The left coronary ostium 
was slosed witha the aorta with interrupted felt-buttressed 
mattress sutures. The right coronary artery was ligated proximal- 
ly on the surface of the heart as it emerged from the aortic root. A 
poreine bioprosthesis was inserted into the distal ascending aorta 
at the level of the aortotomy. The proximal portion of the aortic 
root was connecta to the valve containing ascending aorta with 
felt-buttressed st sures. A saphenous vein segment was interposed 
betwaen the transverse aortic arch and the side of the proximal 
portion of the a-terior descending branch of the left coronary 
artery. A second segment of saphenous vein was interposed 
between the side of the first vein graft, and the proximal portion 
of th» right coromary artery. Àn intra-aortic balloon was inserted 
at the time ef sumzery and removed 48 hours postoperatively. 

A bw-grade fewer developed in the postoperative period, and on 
two oecasions =caphylococcus epidermidis grew from blood 
cultures. The paceemt received intensive antibiotic therapy with 
cephalothin sodium-(Keflin) and gentamicin sulfate as the princi- 
pal crugs. On the 45th postoperative day, the patient suddenly 
died. An autopsy showed a rupture of the aortic root that had 
produced a fata. esrdiae tamponade. Examination of the aorta 
showed abseess fermation and multiple areas of transmural 
necrosis. Special stains, however, failed to show microorganisms, 
and eu/tures takea from the aortic root at the time of autopsy were 
negative. Both saphenous vein segments were patent and the 
porcme valve inserted into the ascending aorta was unremark- 
able. 

Case 2—A 51-wesr-old woman has been operated on four years 
previously for the treatment of aortic insufficiency and aortic 
stenosis (Fig 1). A‘ that operation, a Bjork-Shiley prosthesis had 
beer inserted. Ske remained well until three weeks prior to her 
final operation, «hen after dental surgery, overwhelming sepsis 
developed with a»mormalities of the clotting mechanism. A diag- 
nosis of dissermated intravascular thrombosis was made. A 
subzrachnoid hemerrhage developed and she remained comatose 
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for several days. Despite intensive antibiotie therapy, severe 
aortic insufficiency and profound cardiac decompensation sudden- 
ly developed. An emergency operation was performed. 

At operation, the aorta was entered tranversely above the 
previous aortotomy. More than three fourths of the cireumference 


of a 17-mm Bjork-Shiley prosthesis that had separated from the 


annulus was removed along with old suture material. Extensive 
annular abscess formation was apparent. Granulation tissue was 
curretted from the area. The left coronary ostium was closed from 
within the aorta with felt-buttressed mattress sutures. The right 
coronary artery was ligated as it emerged from the aorta. The 
proximal portion of the anterior descending and the proximal 


portion of the right coronary artery were exposed. A stented | 
porcine bioprosthesis was inserted into the distal end of the | 
divided aorta, and an anastomosis of the aorta was performed  . 
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without the use of a prosthetic graft. A saphenous vein segment — 


was interposed between the distal ascending aorta and the side of — 


the right coronary artery. A second segment of saphenous vein 
was interposed between the side of the first vein graft and the 
side of the proximal anterior descending branch of the left 
coronary artery. With attempts to close the sternum, there was a 
noticeable elevation of the ECG ST segments. A portion of the 
lower table of the sternum was rongeured away to make a tunnel 
for the saphenous vein segment leading to the anterior descending 
coronary artery. The postoperative course was complicated by the 
persistence of low-grade fever. She remained in the hospital for a 
period of six weeks to receive a course of intravenous antibiotic 
therapy; during this time, she became afebrile. 


She was readmitted to the hospital on the 54th postoperative . 


day with evidence of a shock state, but without evidence of an 
acute myocardial infarction. She died within hours. An autopsy 
showed no evidence of residual infection. Negative cultures were 


obtained from the aortic valve annulus and from the porcine © | 


bioprosthesis. The saphenous vein segments interposed between 


à 


the aorta and the coronary arteries were widely patent. There was X 


no evidence of obstructive disease of the native coronary circula- - 


tion. There was, however, gross and microscopie evidence of severe 
congestive heart failure. Examination of the myocardium showed 


evidence of subendocardial hypoperfusion with microinfarctions. 


Acute Aortic Dissection Involving the Sinuses of 
Valsalva and the Proximal Portions of the 
Coronary Arteries 


Case 3.-A woman, aged 49 years, entered the hospital with 
severe chest pain. A pulmonary sean was abnormal. A diagnosis of 
pulmonary embolus was entertained and anticoagulant drugs 
were given. Within hours, however, evidence of aortic insufficien- 
cy developed and an aortogram showed an extensive dissection of 
the aorta beginning in the ascending aorta and extending into the 
brachiocephalic circulation and down through the descending 
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aorta into the iliac vessels. An emergency operation was . 


performed. There was a rupture of the aortic dissection in the 
region of the right sinus of Valsalva, with intrapericardial bleed- 


ing. Repair of the dissection was performed by suturing together — 
the dissected layers of the aorta and, at the same time, suspending 


the aortie valve at the tips of the commissures. A repair of the 
rupture site in the right coronary sinus of Valsalva was performed 
with felt-buttressed sutures. 

Approximately 24 hours after this repair, evidence of a severe 
aortie insufficiency suddenly developed again. At a second emer- 
gency operation, it was discovered that all of the felt-buttressed 
sutures used in the previous repair had torn through the aortic 
intima. The intima was lying in fragments, and the dissection 
extended into all three sinuses of Valsalva and along the left 
cororary artery. The entire aortic root, including portions of the 


Saphenous Vein Segments—Weldon et al 1331 





Et Fig 1.—Technique used in two patients with infected aortic valve 
- . Prostheses and abscesses of aortic root. Aorta is incised above 
- . Previous aortotomy. Infected prosthesis is removed. Porcine 
.. Valve is inserted into distal end of divided aorta. Aortic incision is 
= closed. Y-shaped graft of saphenous vein is interposed between 

ee transverse aorta and sides of proximal right coronary artery, and 


Eus anterior descending branch of left coronary artery. 
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Fig 3.—Technique used in three patients with annuloaortic ecta- 
sia. Entire aortic root, including aortic valve, sinuses of Valsalva, 
A ascending aorta, and coronary ostia, are excised. Composite 
. graft is inserted between heart and transverse aorta. Separate 


ELS; 


Saphenous vein segments are interposed between prosthetic 
graft and ends of two main coronary arteries. 





ge aortic valve, was excised. The right and left coronary arteries were 
-divided from the aorta. In an effort to trace the dissection of the 


~ .— left coronary artery, the pulmonary artery was divided. The end of 
p the dissection along the left coronary artery was identified at the 
level of the bifurcation of the left coronary artery. The left 
coronary artery was divided at this level. A segment of saphenous 
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Fig 2.— Technique used in two patients with recurrent dissection 
of ascending aorta (dehiscence of previous repair). Ertire aortic 
root, including aortic valve, sinuses of Valsalva, ascending aorta, 
and ostia of coronary arteries, are excised. Composite graft is 
inserted between heart and transverse aorta. Y-shaped graft of 
saphenous vein is interposed between graft and divided ends of 
two coronary arteries. ; 


vein was sutured to the distal divided end of the left coronary 
artery. The aorta and aortic valve were replaced with a ^omposite 
graft consisting of a tubular aortic prosthesis into which a porcine 
bioprosthesis had been sewn. The saphenous vein segment that 
had been sutured to the end of the left coronary artery was 
brought beneath the graft and sutured into the sice of the 
composite prosthesis. The pulmonary artery was repaired by 
anastomosis. A second segment of saphenous vein was then sewn 
between the side of the vein graft segment leading t» the left 
coronary artery and the end of the right coronary artery, which 
had been divided from the aorta. 

Postoperatively, the patient had ECG evidence of a myocardial 
infarction. The postoperative period was complicated by a 
prolonged bout of cardiac decompensation that eventually 
responded to anticongestive measures. There was gradual 
improvement in her condition. She was readmitted to th» hospital 
for study by aortography one year postoperatively. This study 
demonstrated persistent cardiomegaly, pateney of the vein graft 
segments with a normal-appearing coronary artery circulation. 
However, 2 false aneurysm arising from the left ven-ricle was 
detected at this study. She survived for a period of two years and 
died at home. The events of the death are unknown but were 
interpreted by a private physician as probably of a cerebrovascular 
nature. An autopsy was performed and showed a very large, 
loculated false aneurysm arising from close to the apex of the 
heart. Presumably, this aneurysm was the consequence of a 
ruptured left ventricular infarct. The reconstruction of the aorta, 
aortic valve, and proximal portion of the coronary artery was 
intact. There was wide patency of the Y-shaped graft leading to. 
the coronary circulation. No obstructive disease in the ecnducting 
portions of the coronary arteries was demonstrated. 

Case 4.— À 59-year-old woman was brought to the hospizal with a 
diagnosis of dissection of the aorta. An emergency arteriogram 
was performed that revealed an extensive dissection beginning in 
the ascending aorta. There was rupture of the aneurysm and 
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intrapericardial "ioi RN Cardiogenic shock developed. A peri- 
cardiocentesis wes performed in the cardiac catheterization labo- 
ratory. 

Aa emergency operation was performed. There was a rupture of 
the aorta with massive intrapericardial bleeding and tamponade. 
An 2xtensive dissection of the aorta was demonstrated with 
fragmentation of the aortic intima within the sinuses of Valsalva, 
and with extension of the dissection along both the right and left 
coronary arteries. The entire root of the aorta, including portions 
of the aortic valve, were resected. Both the right and the left 
coronary arteries were dissected to the degree that they were 
unsuitable for end-to-end anastomosis with saphenous vein 
segments. Both the right and left coronary arteries were, there- 
fore. ligated. The anterior descending branch of the left coronary 
artery was identified proximally on the surface of the heart. An 
incision was mace into this vessel and a segment of saphenous 
vein was sutured end-to-side to the anterior descending branch of 
the left coronary-artery. A longitudinal incision was made in the 
righ coronary artery, just beyond the ligature that had been 
placed on it, and a second segment of saphenous vein was sutured 
to the right cercnary artery. The resected ascending aorta was 
replaced with a cer posite prosthesis consisting of a tubular aortic 
prosthesis into whith a porcine bioprosthesis had been sewn. The 
coroaary circulat:om was reestablished by suturing the vein graft 
that led to the aaterior descending to the anterior aspect of the 
composite prosthesis, and then by suturing the saphenous vein 
segraent that hac been sewn to the right coronary artery into the 
side of the first saphenous vein graft. 

A> the completion of the procedure, there was considerable 
bleeding at the distal aortic suture line. Redissection at the distal 
aortic suture line was suspected. A number of additional sutures 
had to be plaeed t» control the bleeding. Repeated attempts to 
discentinue the eardiopulmonary bypass were unsuccessful. 
Permission for aatepsy examination was denied. 

C€esE 5.—A 44-year-old woman with known severe systemic 
hypertension, wes admitted to the hospital with chest and back 
pain. A diagnosis ef dissection of the aorta was made and this 
diagnosis was preved by an emergency aortogram. An emergency 
operation was pe-fermed. The ascending aorta was opened close to 
the dissection site. There was a circumferential tear in the aorta, 
witk proximal amd distal extension of the dissection. Collars of 
polyzetrafluorethylene felt were inserted into the dissection site 
after evacuating the hematoma. The aortic valve was resuspended 
witk transaortic sutures at the tips of the commissures and the 
repaired aorta was resutured. The patient had a benign postoper- 
ative course, ane was discharged from the hospital two weeks 
after eperation. 

She waswreadrritted to the hospital four months after operation 
witk a recurrence of the aortic insufficiency. An aortogram 
demonstrated a -ezurrence of the dissection, with severe aortic 
insufficiency. At a second operation, the dissection of the aorta 
was extensive. Fragments of intima were loose in the regions of 
the simuses of Valsalva. The entire aortic root was resected, 
including the ossia of the coronary arteries. A saphenous vein 
segment was sured directly to the end of the right coronary 
artery. The sora was replaced with a composite prosthesis 
consstingvof  tebalar aortic graft, into which a porcine biopros- 
- thes:s had been sewn. The coronary circulation was reestablished 
sby individually suturing the saphenous vein segments to the 

composite prosthesis. However, the graft leading to the left 
coronary artery made a poor angle with the prosthesis and so it 
was divided away from the prosthesis and sewn into the side of the 

graft leading to the right coronary artery, thus constructing a 

Y-skaped anastomosis from a single ostium in the graft to both 


the right and let pownuiy arteries. The patient had a benign 
E E. 
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postoperative course and was preparing for discharge from the 
hospital when on the ninth postoperative day, bradycardia and 
cardiac arrest developed. Resuscitative efforts were unsuccessful, 
An autopsy showed an intact repair and was totally unremarkable. 
There was no evidence of myocardial infarction, and death was 
attributed to cardiac arrhythmia. 


Annuloaortic Ectasia With Chronic Dissection or 
Giant Aneurysm Formation and Displacement of the 
Coronary Ostia 


Cask 6.—A 29-year-old woman had recognized Marfan’s 
syndrome. Three months previously during labor, a dissection of | 


the aorta developed. An aortogram demonstrated a chronic dissec- - 


tion with severe aortic insufficiency and annuloaortie ectasia. An 


elective operation was performed. The entire aortic root was - 


involved in a large bulbous, typical Marfan-type aneurysm, with | 
ectasia of the aortie valve annulus. A cireumferential dissection of — 
the aorta had begun just above the sinus of Valsalva and had . 
extended distally. The entire aortic root and aortic valve were. 
excised. Saphenous vein segments were sewn directly to the ends 
of the right and left coronary arteries that had been divided away . 
from the aorta. The coronary arteries had a normal appearance.. 


The ascending aorta and the aortic valve were replaced with a 
composite graft, consisting of a tubular prosthesis into which a 


porcine bioprosthesis had been sewn. Two circular openings were 
made into the composite graft. The saphenous vein segments were 
individually sewn to the graft to reconstitute the coronary circu- 
lation. The postoperative course was uncomplicated and the 
patient remains well eight months postoperative. 

Case 7.—A 42-year-old man with classic Marfan's syndrome was 


studied by aortography and found to have a massive annuloaortie — 


: 
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: 


J 


4 
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ectasia with only moderate aortic insufficiency. An elective oper- à 


ation was performed. The entire aortic root was excised and | 
reconstruction was performed by the insertion of a composite 
prosthesis and with the use of two saphenous vein segments — 
individually interposed between the graft and the ends of the - 


right and left coronary arteries that had been divided away from — 1 
the aorta. The postoperative course was uncomplicated and the - 


patient remains well seven months postoperative. 


Case 8.—A 33-year-old man without the classic stigmata of | 


Marfan's disease, but with severe aortic insufficiency, was studied — 
by aortography and found to have a massive annuloectatic aneu- | 


rysm of the ascending aorta producing the severe aortic insuffi- - 


ciency. An elective operation was performed. This aneurysm was 
excised along with portions of the aortic valve and the ostia of the 
coronary arteries. Reconstruction was performed by replacing the 
ascending aorta and the aortic valve with a composite prosthesis, 
using a tubular prosthesis into which a Bjork-Shiley prosthesis had 
been sewn. The coronary circulation was reestablished by individ- 


ually interposing saphenous vein segments between the graft and — 


the right eoronary and the left coronary arteries. The postopera- 
tive course was uncomplieated and the patient remains well two 
months postoperative. 


COMMENT 


Surgical reconstruction of the aortic root has evolved : 


through a series of operations that include a prosthetic 
replacement of the proximal ascending aorta,’ prosthetic 
replacement of the ascending aorta in combination with 
aortic valve replacement,‘ prosthetic replacement of the 
proximal ascending aorta and most of the sinus of Valsalva 
tissue in combination with prosthetic aortic valve replace- 
ment? and replacement of the entire aortic root, including 
all of the sinuses of Valsalva and the aortie valve with a 
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composite prosthesis, and with reimplantation of the coro- 
nary ostia to the sides of the aortic prosthesis. Excellent 
results with this final procedure have been reported by a 
number of investigators.'-! 

Certain far-advanced diseases of the aortic root, howev- 
er, involve the coronary ostia and the proximal portions of 
the right and left coronary arteries. These include infec- 
tions of the aortic root, dissections of the aorta extending 
along the coronary arteries and annuloaortie ectasia with 
involvement of the coronary ostia. The use of interposed 
saphenous vein segments between the aorta and the 
coronary circulation distal to the coronary ostia make it 
possible to extend and relocate the proximal portions of the 
coronary cireulation and thus permit a resection of all the 
structures of the aortic root, including the coronary ostia. 


. In addition, the reimplantation procedure recommended by 
— Bentall and deBono* is known to be associated with a 


troublesome incidence of bleeding at the reimplantation 
site and with the formation of false aneurysms. Also, in 
certain instances where the left coronary artery has been 
substantially displaced by the disease process, reimplanta- 
tion of the coronary ostia contains the hazard of producing 
torsion of the left coronary artery. These complications 


|... present at least a theoretical argument for why relocation 
- and extension of the proximal portion of the coronary 
|... arteries with saphenous vein segments might be preferred 
_ toa reimplantation of coronary ostia. 


Danielson and his co-workers' were the first to report an 
operation on the aortic root in which saphenous vein 
segments were used to reconstruct the proximal coronary 
arteries. They reported the case of a 15-year-old boy on 
whom an operation had been performed for acute baeterial 
aortic valvulitis. Their patient was treated initially by the 


insertion of an aortic valve prosthesis. There was subse- 
quent dehiscence of the implanted prosthesis. At the 


second operation, the first prosthesis was removed, and a 
new one was placed in the ascending aorta. Coronary 
circulation was reestablished by constructing a Y-shaped 
graft of saphenous vein segments and interposing it from 
a single ostium in the transverse aorta to the side of the 
anterior descending branch of the left coronary artery, and 
the side of the right coronary artery on the surface of the 
heart. This patient died four months after the second 
operation and an autopsy examination showed no evidence 
of residual infection. There were, however, perforations of 
the mitral valve, small ventricular septal defects in the 
membranous septum, subannular aortic aneurysm forma- 
tion, and evidence of gross myocardial destruction. The 


. authors speculated that the cause of death was the myocar- 


dial destruction and structural abnormalities that had 
resulted from the previous infection. They remarked, 
however, that the vein grafts may not have supplied 
enough coronary blood flow, although the patient had no 
angina postoperatively, and there had been a high flow 
measured at the time the surgery was completed. The vein 
grafts and the native coronary circulation were patent at 
the autopsy. : 
In 1975, Zubiate and Kay? described an experience with 
six patients, operated on for the treatment of aneurysm of 
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the ascencing aorta with aortic insufficiency and notice- 
able displacement of the coronary ostia. In tkese six 
patients, they reconstructed the coronary circulation by 
interposing saphenous vein segments between either the 
distal aorta or the prosthetic graft and the sides of the 
coronary arteries in two patients, and between either the 
aorta or the prosthetie graft and the ends of the eoronary 
arteries in four patients. In all of their cases, separate vein 
segments were used to provide blood flow into the right 
and into the left coronary artery. All of their oatients 
survived the surgery and there was only one late mortality, 
and that death occurred at 11 months after the operation 
from an apparent pulmonary embolism. 

Three of the patients in our series were similar to those 
reported by Zubiate and Kay’ in that elective operations 
were performed for large aneurysms of the ascending 
aorta with aortic insufficiency and displacement of the 
coronary ostia. In all of these three patients, separate 
saphenous vein segments were interposed either between 
the aorta or the graft and the divided ends of the right and 
the left coronary arteries. Five of our patients, however, 
were operated on with emergency procedures because of 
acute severe aortic insufficiency and gross cardiac decom- 
pensation. Of these, two had infection and dehiscence of a 
previously placed aortic valve prosthesis and three had 
acute dissection of the aorta with involvement of the 
sinuses of Valsalva at the dissection site. Of these three 
latter patients, two had recurrence of a dissection after a 
previous simpler repair, and one was operated on in a state 
of shock produced by rupture of the dissection and after 
resuscitation by pericardiocentesis for a massive cardiac 
tamponade. All of the patients in this series but one 
survived the operating procedure, and these initial good 
results in a complex group of patients prompted this 
report. 

A subsequent high late mortality, however, casts consid- 
erable doubt on the efficacy of this type of operation. 
Among the four late mortalities, one patient died 45 days 
postoperatively as the result of an uncontrolled infection of 
the aortic root that produced rupture of the aortic root and 
a fatal cardiac tamponade. The three remaining patients, 
however, had deaths related to central circulatory f inction. 
One patient who underwent two operations for the even- 
tual repair of an acute dissection with rupture and -ampon- 
ade had a perioperative myocardial infarction taat was 
related to ene of two operations performed within 24 hours 
of each other and remained in a state of chronic cardiac 
decompensation for two years. A postoperative study 
demonstrated a false aneurysm from the left ventricle that 
did not seem to be structurally related to the repair, and 
which at autopsy, proved to be remote from the re»air and 
at the site of a ruptured left ventricular infarct. The course 
of one of the patients operated on for infection was 
strikingly similar to the patient reported by Danielson et 
al' in that death occurred 54 days postoperatively after the 
development of massive congestive heart failure. An 
autopsy showed no evidence of residual infection with 
patency of the vein grafts and the native coronary circula- 
tion, but with evidence of a myocardial hypoperfusion and 


a 
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miesosubendoearcial infarcts. A third patient, who had a 
recurrence four months after an initial repair of a dissec- 
tion died suddenly nine days after the resection and 
recoastruetiom of the aortic root with what seemed to be 
arrhythmia. The autopsy examination was negative for 
determining a «ause of death. 

Aa analysis 5f this series shows two distinct differences 
betveen those patients who survived and those patients 
who died either early or late. First, all surviving patients 
had elective operations performed and although all three 
had severe degrees of aortic insufficiency, none were in a 
state ef profoumd cardiac decompensation. By contrast, all 
five nonsurvivers were operated on as emergency proce- 
dures, and al! were in a profound state of cardiac decom- 
pensation. All eight operations were accomplished with a 
single period of aortic cross clamping, with moderate body 
hypethermia, continuous external cooling of the heart, and 
intermittent cole cardioplegia. It, therefore, remains a 
possibility that the three late cardiac deaths as well as the 
one ntraoperacive death were a consequence of myocardial 
damage susta ned during the period of acute cardiac 
deeampensation. The second remarkable feature that sepa- 
rates survivors from nonsurvivors is that all three surviv- 
ing Datients had reconstructions performed in which indi- 
vidual vein graft segments were interposed directly 
between the aorta or the graft, and the ends of normal 
right and left coronary arteries that had been divided from 
the aorta. By contrast, the nonsurvivors had a procedure in 
whieh a Y-shaped graft was constructed between either 
the aorta or the graft and the ends of the coronary arteries 
or the sides o? the coronary arteries. Such a reconstruction 
was performec largely for convenience. In cases of acute 
aorte dissection involving the entire aorta, the aorta distal 
to the repair is, of course, involved in the dissection and is 
unstitable as a size for an anastomosis of a saphenous vein 


segment. A single large coronary ostium into the graft or 
into the distal aorta was assumed to be adequate for total 
coronary blood flow. Nonetheless, it remains a possibility 
that. such an arrangement permits only an inadequate or 





inappropriate total coronary blood flow. With such an 
arrangement, compression of the vein graft segments 
supplying total coronary blood flow is subject to pressure 
from the overlying sternum. This is not possible in a 
reconstruction using a vein graft interposed between the 


divided end of the left coronary artery and the side of the — | 


prosthetie graft. 


A special point in regard to patients with annuloaortic — 
ectasia is that these patients are usually of young age. The | 
selection of a reconstruction using saphenous vein — 
segments or reimplantation of a diseased cuff of periostial 


tissue into the graft should be made not only on technical 
considerations but on an appreciation of the relative 
durability of saphenous vein grafts and reimplanted peri- 
ostial aortic tissue. This relative durability is at present 


unknown. Because extensive destruction of the entire 


aortic root occasionally results from an aortic dissection or 
aortic necrosis, operations designed to bvpass or replace all 


aortie root structures will continue to be performed. 


Evidence obtained in this series of patients suggests that 


these operations should be designed so that a separate © 
communication is provided between the aorta and the right | 
coronary artery and between the aorta and the left coro- 
nary artery, or that when connections are made to the 





distal coronary arteries, separate communications should _ 


be provided between the aorta and all three major conduct- 


ing branches of the coronary circulation. 


Nonproprietary Names and Trademarks of Drugs 


Cephalothin sodium—Keflin. 
Gentamicin sulfate—Garamycin. 
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Routine Coronary Angiography Prior to 
Elective Aortic Reconstruction 


Results of Selective Myocardial Revascularization in 


Patients With Peripheral Vascular Disease 


Norman R. Hertzer, MD; Jess R. Young, MD; John R. Kramer, MD; Daniel F. Phillips, MD; 
Victor G. deWolfe, MD; William F. Rusehhaupt III, MD; Edwin G. Beven, MD 


* Routine coronary angiography to determine the prevalence 
of severe coronary artery disease (CAD) has been recommended 
to all patients under consideration for elective peripheral vascu- 


_ lar reconstruction at the Cleveland (Ohio) Clinic since April 
_ 1978. Those found to have severe, correctable CAD have been 
_ advised to undergo myocardial revascularization prior to 
. performance of elective peripheral vascular operations. Forty- 
_ one of the 68 patients with abdominal aortic aneurysms (AAA) 


and 26 of the 71 patients with aortoiliac occlusive arterial 
disease (AI) had clinical evidence of CAD; coronary angiography 
demonstrated severe, correctable CAD in 23 patients with AAA 
and in 14 patients with Al. Twenty-seven patients with AAA and 
45 patients with AI had no clinical evidence of CAD; severe, 


~ correctable CAD was found in six patients with AAA and in six 


patients with AI. Ninety-six patients, including 26 who had staged 
cardiac procedures performed, have had elective aortic recon- 
struction, with one operative death. 

(Arch Surg 114:1336-1344, 1979) 


=~ (ø Yoronary artery disease (CAD) often is the decisive 


factor that determines early and late mortalities 
after elective surgical reconstruction of the abdominal 
aorta for aneurysm or for occlusive arterial disease. In our 
experience, myocardial infarctions account for 40% of all 
early postoperative deaths following abdominal aortic 
aneurysmectomy, and for 67% of all those following aorto- 
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femoral bypass for lower extremity revasculacization. 
Others'* have made similar observations and have found 
that early and late postoperative mortalities among 
patients with recognized CAD exceed those among 
patients without known CAD by severalfold. 

Several reports- suggest that patients who kave had 
previous myocardial revascularization with the use of 
coronary artery bypass grafts (CABGs) experience fewer 
cardiac complications after subsequent vascular and other 
major operations than would be expected even in the 
absence of known CAD. Loop and associates" have 
confirmed, in a representative group of 8,741 patients who 
underwent. CABG procedures between 1967 and 1978, that 
direct myocardial revascularization at the Clevelard (Ohio) 
Clinie is associated with excellent late results and with a 
low incidence of perioperative myocardial infarction and a 
low mortality. Since selected patients who require surgical 


. eorrection of peripheral vascular disease clearly r»present 


a group at high risk for early or eventual complications of 
CAD and might benefit from myocardial revascularization, 
members of the Department of Vascular Surgery, the 
Department of Peripheral Vaseular Disease, and the 
Cardiac Catheterization Laboratory of the Cleveland Clinic 
have collaborated since April 1978 to determine, with the 
use of routine preoperative coronary angiography, the 
incidence of severe, correctable CAD among all patients 
under consideration for elective peripheral vasculer opera- 
tions. Patients who were found to have severe, correctable 
CAD were advised to undergo myocardial revaseulariza- 
tion prior to elective peripheral vascular reconstruction. 


MATERIAL AND METHODS 


Between April 1978 and March 1979, coronary angiography was 
recommended as an integral step in preoperative evalua-ion to all 
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patients under serious consideration for elective surgical correc- 
tior of abdominal zortic aneurysms (AAAs) or aortoiliac occlusive 
arterial disease (Al), with the occasional exception of a few 
patientsover tiaea re of 80 years or with obvious advanced senility. 
The risks of czrcize catheterization (0.03% myocardial infarction, 
0.07% mortality is our laboratory") as well as the published 
incidence of early postoperative complications and late mortality 
caused by CAD zmong patients whose conditions require periph- 
eral vascular operations were thoroughly explained. A total of 139 
patients, consisting of 68 with AAA and 71 with AI, comprise the 
present study. 


Age, Sex, and Indications for Evaluation 


The AAA grorp consisted of 68 patients, 57 men and 11 men, 
witk a mean age cf 68 years (range, 41 to 84 years). All patients 
had asymptomatec aneurysms involving the infrarenal abdominal 
aorta or the common iliac arteries. At the time routine coronary 
ang-ography vas performed, mean aneurysm diameter, based on 
physical examination, plain roentgenography, or aortic ultraso- 
nography, was 77 em (range, 4 to 10 cm). 

The AI group *cnsisted of 71 patients, 46 men and 25 women, 
with a mean age of 60 years (range, 47 to 83 years). Fifty-one 
patients (72%) experienced severe, progressive, or occupationally 
disa»ling lower-ex-remity intermittent claudication. An addition- 
al e&ht patients (71%) had ischemic rest pain, and the remaining 
12 patients (17%) had focal tissue necrosis. The presence of severe 
A] was suspectel on the basis of physical examination and was 
confrmed by anzi»graphy or by pulse volume plethysmography 
and segmenta! Lo»pler blood pressure indices. 


atherosclerotic Risk Factors 


The prevalence of known atherosclerotic risk factors for the 
AAs group is given in Table 1. Only one patient with AAA was 
diabetic, but patiests with hypertension (defined as known hyper- 
tenson under treatment or by repeated blood pressure measure- 
ments greater than 150/90 mm Hg), who smoked cigarettes 
(including those who had stopped smoking within five years of 
examination), ard who had hyperlipidemia (defined as a serum 
cholesterol value greater than 240 mg/dL or a serum triglyceride 
leve of greater than 160 mg/dL) were randomly distributed 
among the AAA mup. The mean serum cholesterol value was 229 
mg/dL (range, 1 &to 353 mg/dL), and the mean triglyceride level 
was 187 mg/dL (zaage, 62 to 570 mg/dL). Two or more risk factors 
were present in 25 patients (37%). 

D-abetes melli us, cigarette smoking, and hyperlipidemia were 
more common ang patients in the AI group than among those 
in the AAA greup (Table 1). The mean serum cholesterol value was 
243 mg/dL (ranze, 105 to 394 mg/dL), and the mean serum 
trigyceride leve: was 196 mg/dL (range, 80 to 431 mg/dL). 
Mul-iple risk faccors occurred in 45 patients (63%). 


Clinical Cardiac Factors 


The clinical »a»d&ac status of all patients with AAA at the time 
of initial examimacien is given in Table 2. Several factors were 
considered to sugest the possibility of CAD as interpreted by 
experienced exammers. These factors included a convincing histo- 
ry o previous myecardial infarction irrespective of recent ECG, 
angma pectoris, *cnpgestive heart failure, or a recently abnormal 
ECC containimg € waves, absent R waves, or ST and T wave 
charges. Forty-oae patients (60%) were suspected to have CAD by 
these eriteria, whereas 27 patients (40%) had no clinical evidence of 
CAD. 

Seventeen patats (25%) had experienced previous myocardial 
infarctiens, and aire of these had subsequent angina pectoris. An 
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Table 1.—Incidence of Known Atherosclerotic Risk © 
Factors Among All Patients 


Group 
eo nr 
AAA* Al Total 
(n = 68), (n = 71), (n = 139), 
Patients Patients Patients 
Risk Factor (%) (%) (%) 
Diabetes mellitus 1 (2) 13 (18) 14 (10) 
Hypertensiont 27 (40) 20 (28) 47 (34) 
Cigarette smoking 31 (46) 51 (72) 82 (60) 
Hyperlipidemiat ` 29 (43) 43 (61) 72 (52) 
Two or more factors 25 (37) 45 (63) 70 (50) 


arterial disease. 

1Blood pressure is greater than 150/90 mm Hg. 

Cholesterol level is greater than 240 mg/dL, or triglyceride level is 
greater than 160 mg/dL. 


*AAA indicates abdominal aortic aneurysm; Al, aortoiliac occlusive 


Table 2.—Incidence of Clinical Features of Coronary 
Artery Disease (CAD) Among All Patients 


Group 
MM M —————————————— 
AAA* Al Total 
(n = 68), (n = 71), (n2 139) . 
Patients Patients Patients 
Cardiac Status (96) (96) (96) 
No clinical evidence 
of CAD 27 (40) 45 (63) 72 (52) 
Suspected CAD 41 (60) 26 (37) 67 (48) : 
Previous infarct 17 (25) 9 (13) 26(19) . 
Angina pectoris 19 (28) 12 (17) 31 (22) 
Congestive heart 
failure 3 (4) 1 (1) 4 (3) 
Abnormal ECG 26 (38) 20 (28) 46 (33) 
Two or more fac- 
tors 18 (26) 11 (15) 29 (21) 


*AAA indicates abdominal aortic aneurysm; Al, aortoiliac occlusive 
arterial disease. 


Table 3.—Incidence of Significant Coronary Artery 
Disease and Ventricular Impairment* 





Group 
AAA* Al Total 
(n = 27), (n = 45), (n = 72), 
Angiographic Patients Patients Patients 
Findings (%) (%) (%) 
No lesion, >70% 
stenosis 11 (41) 30 (67) 41 (57) 
Severe stenosis, 
>70% 16 (59) 15 (33) 31 (43) 
1 vessel 9 (33) 8 (18) 17 (24) 
2 vessels 5 (19) 6 (13) 11 (15) 
3 vessels 2 (7) 1(2) 3 (4) 
Left main coronary 
artery 0.) 0(...) 0(...) 
Impaired ventricle 5 (19) 5 (11) 10 (14) 
Segmental 5 (19) 4 (9) 9 (12) 
Diffuse 064) 1 (2) 1 (2) 


*In patients without clinical evidence of cardiac disease. 
TAAA indicates abdominal aortic aneurysm; Al, aortoiliac occlusive 
arterial disease. 
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additional ten patients had angina pectoris alone. The ECG was 
abnormal in 26 patients (38%) and in 11 patients was the only 
clinical indication of CAD. Of a total of 30 patients with previous 
myocardial infarctions, angina pectoris, or congestive heart fail- 
ure, 14 (47%) had normal ECGs at the time they entered this study. 
Eighteen patients (26%) had two or more clinical indications of 
CAD. 

Twenty-six patients with AI (37%) met one or more criteria for 
suspected CAD, whereas 45 patients (63%) were asymptomatic and 
had normal ECGs (Table 2). Only nine patients (13%) had experi- 
enced previous myocardial infarctions, three of whom continued to 
have angina pectoris. Nine other patients had angina pectoris 
without previous infarctions. Electrocardiograms were abnormal 
in 20 patients (28%) and were the only clinical suggestion of CAD 
in eight patients. Six patients with previous myocardial infare- 
tions or angina pectoris had normal ECGs. Only 11 patients (15%) 
met two or more criteria for clinical evidence of CAD. 


Coronary Angiography 


Each patient in the AAA and AI groups underwent coronary 
cineangiography and left ventriculography using the transbrach- 
lal technique introduced by Sones and Shirey.'* Selective study of 
the carotid and vertebral arteries was simultaneously performed 
for patients with previous neurologic symptoms or with cervical 
bruits that suggested the presence of severe extracranial cere- 
brovascular disease. For the purposes of this report, the results of 


E: _ coronary angiography and ventriculography were classified 
= according to the following definitions using 70% stenosis to 


H gi represent a significant reduction in lumen diameter: (1) Normal 
EUM . coronary arteries. (2) Mild to moderate CAD, with measurable 
—. stenosis of one or more coronary arteries with no lesion exceeding 
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iv, 70% lumen diameter. (3) Advanced but compensated CAD, with 
_ greater than 70% stenosis of one or more coronary arteries without 


immediate indication for myocardial revascularization using 
CABGs because of adequate intercoronary collateral circulation 


from unobstructed sources or because an artery containing a 


significant lesion served a segmental area of akinetic myocardium 
that did not represent a necessary target for revascularization. (4) 


Severe, correctable CAD, with greater than 70% stenosis of one or 


more coronary arteries supplying unimpaired myocardium and 
representing immediate or eventual risks for further stenosis or 
occlusion and myocardial infarction. By definition, this classifica- 
tion includes only lesions correctable by CABG. (5) Severe, inoper- 
able CAD, with greater than 70% stenosis of more than one 
coronary artery not considered to be correctable by CABG because 
of diffuse or distal coronary involvement or because of generalized 
impairment of ventricular function by scar tissue replacement. 


MANAGEMENT 


Conventional management of AAAs or of AI was undertaken 
for patients with normal coronary arteries, with mild to moderate 
CAD, or with advanced but compensated CAD. Patients with AAA 
who had aneurysms large enough to warrant resection underwent 
elective aneurysmectomy and prosthetic graft replacement. 
Patients with AI who were not found to have severe CAD likewise 
underwent elective aortic operations for lower extremity revascu- 
larization, but a few patients with AI were advised to continue 
conservative management consisting of a daily walking program, 
avoidance of tobacco, and a diet low in animal fat. Precautions, 
such as administration of coronary artery vasodilating medication, 
extended endotracheal intubation for ventilatory support, and the 
use of Swan-Ganz pulmonary artery monitoring when ven:ricular 
impairment had been documented by ventriculography, often 
were taken throughout the perioperative period for patients 
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known to have advanced but compensated CAD. Selected patients 
found to have mild to moderate CAD or advanced but compensated 
CAD were advised to have coronary angiography repeated in two 
to four years to assess the progression of known coronary 
lesions. 

Elective myocardial revascularization prior to aortic aneurys- 
mectomy or lower extremity revascularization was recommended 
to patients with severe CAD correctable by CABG. Most patients 
with AAA who underwent a CABG procedure had an elective 
aneurysmectomy performed within six weeks to three months 
thereafter, but aortic reconstruction among the AI group »ecasion- 
ally was deferred for longer intervals since occlusive arterial 
disease does not represent the unpredictable threat to life that is 
the case with aneurysm rupture. 

Patients documented to have severe CAD that was not correct- 
able by CABG as well as those few patients who declined CABG 
despite the presence of severe, correctable CAD were managed on 
an individual basis. Elective aneurysm resection was required in a 
limited number of such patients with extremely large ar eurysms 
because the risk of imminent aneurysm rupture appeared to 
exceed the risk of operation. Other patients with smaller aneu- 
rysms were advised to undergo aneurysmectomy only if they 
experienced symptoms suggestive of aneurysm expansion or if 
steady enlargement were to be noted on serial examinations. 
Conservative management was continued in similar patients in 
the AI group, although some patients with appropriate lesions 
were informed that operations such as axillofemoral bypass or 
femorofemoral bypass using local or regional anesthesia were 
available if symptoms became disabling or if limb viabi ity were 
jeopardized. 


RESULTS 
Coronary Angiography 


The results of coronary angiography in 27 patients with 
AAA who had no clinical evidence of CAD are given in 
Table 3. Eleven patients (41%) had no coronary artery 
lesion exceeding 70% stenosis. Sixteen patients (29%) did 
have significant coronary artery stenosis (greatar than 
70% stenosis of at least one coronary artery), involving a 
single vessel in nine patients (33%), two vessels in five 
(19%), and three vessels in two (7%). None of these patients 
had signifieant lesions in the left main coronary artery. 
Five patients (19%) had impairment of ventricular zontrac- 
tility involving isolated segments of myocardium. 

The results of coronary angiography among 41 oatients 
who were suspected to have CAD are given in Table 4. Only 
two patients were not found to have significant coronary 
artery stenosis. Thirty-nine patients (95%) had significant 
lesions that involved a single vessel in 11 patients (27%), 
two vessels in 11, and three vessels in 17 (41%). Five (12%) 
of the patients with multiple vessel disease had significant 
stenosis of the left main coronary artery. Left ventriculo- 
graphy demonstrated impaired contractility in 22 2atients 
(54%). Ventricular impairment was segmental in distribu- 
tion in 18 patients (82%), but was severe and diffuse in nine 
(22%). 

The presence of significant coronary artery stencsis does 
not necessarily imply that a patient is an unfit cendidate 
for elective aortic reconstruction, nor that CABG is neces- 
sary. Clinical perspective is provided by the classification 
of the results of coronary angiography shown in Table 5. 
Only one of the 68 patients with AAA had normal coronary 
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arteres. Twelve patients (18%) had mild to moderate CAD 
with no lesion exceeding 70% stenosis. Twenty-three 
patients (24%) bad advanced but compensated CAD in 
which those ves=2's with greater than 70% stenosis either 
were compensated by intercoronary collateral or supplied 
isolated segments of myocardium that were irreversibly 
damaged. Unless everall ventricular function was severely 
compromised, 2:ec-ive aneurysmectomy was recommended 
to patients with advanced but compensated CAD. In these 
patients, Swan-Ganz pulmonary catheterization often was 
used to avoid ;orume overload. 

Thirty-two pa-ients (47%) had severe CAD, which repre- 
sented a distiret risk for myocardial infarction during the 
perioperative pariod if aneurysmectomy were to be done 
witheut prelin:asry myocardial revascularization. Twen- 
ty-siz patients (88%) underwent staged CABG prior to 
elect ve aneurysmectomy. Three additional patients had 
severe CAD correctable by CABG, but declined myocardial 
revaseularizat.cz. Three patients had severe CAD with 
diffuse impairmert of ventricular function that was not 
correctable by CA3G. Finally, two patients had other types 
of cardiac disezse that required correction before elective 
aneurysm reseetion. One patient with advanced but 
compensated CAD had an aortie valve replacement, and 
one patient w:t- mild to moderate CAD underwent correc- 


tion of symptomatic idiopathic hypertrophic subaortic 


stenesis. 

In the Al group coronary angiography demonstrated no 
coronary artery lesion exceeding 70% stenosis in 30 
patients67%) who had no clinical evidence of CAD (Table 
3). Ffteen patients (3376) were found to have significant 
eororary artery stenosis involving one vessel in eight 
patients(1896). twe vessels in six (13%), and three vessels in 
one. No lesions involved the left main coronary artery. Left 
ventrieulograpk- demonstrated impaired contractility in 
five patients (11%) including four (9%) with segmental and 
one with diffuse impairment. 

Orly four (FA of the patients who did have clinical 
evidence of C*D were not found to have significant 
coronary artery ‘lesions (Table 4). Twenty-two patients 
(85%) did have Sgnificant coronary artery stenosis involv- 
ing ene vessel n five patients (19%), two vessels in ten 
(39955, and three-vessels in seven (27%). One of the patients 
with multiple-vessel CAD had a significant lesion within 
the left main eesonary artery. Fourteen patients (54%) had 
ventricular impairment that was segmental in seven (27%) 
and diffuse in seven. 

Six (FX of zl» 71 patients had normal coronary arteries 
(Table 5), and Æ @9%) had mild to moderate CAD. Fifteen 
patients (21% ìad advanced but compensated CAD and 
were considere- ft candidates for lower extremity revas- 
culamization by elective aortic reconstruction using appro- 
priate precaut ers. Severe CAD was documented in 22 
patients (32%) ard was considered to be correctable by 
CABG in 20. Fifteen patients (21%) underwent myocardial 
revascularizatien as a staged procedure prior to elective 
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Table 4.—Incidence of Significant Coronary Artery 
Disease and Ventricular Impairment* 


Group 


— own ——— 









AAA; Al Total 
(n = 41), (n = 26), (n = 67), 
Angiographic Patients Patients Patients 


(%) (%) 






Findings (%) 


No lesion, >70% 



























stenosis 2 (5) 4 (15) 6 (9) 
Significant stenosis, 

7096 39 (95) 22 (85) 61 (91) 

1 vessel 11 (27) 5 (19) 16 (24) 

2 vessels 11 (27) 10 (39) 21 (31) 

3 vessels 17 (41) 7 (27) 24 (36) 

Left main coronary 

artery 5 (12) 1 (4) 6 (9) 

Impaired ventricle 

Segmental 13 (32) 7 (27) 20 (30) 

Diffuse 16 (24) 


*As determined by coronary angiography and left ventriculography in 67 
patients with clinical evidence of cardiac disease. 

+AAA indicates abdominal aortic aneurysm; Al, aortoiliac occlusive 
arterial disease. 


Table 5.—Classification of All Patients by Coronary 
Angiography and the Incidence of Coronary Artery 
Bypass Grafting 


(n = 68), 
Patients 
(%) 


(n = 71), 
Patients 
(%) 


(n = 139), 
Patients 
(%) 


Angiographic 
Classification 


Normal coronary 
arteries 


Mild to moderate 
CAD 12 (18) 


Advanced but com- 
pensated CAD 


Severe CAD 
CABG 
inoperable 
Declined CABG 


1 (0) 6 (8) 7 (5) 


28 (39) 40 (29) 


23 (34) 

32 (47) 

26 (38) 
3 (4) 
3 (4) 


15 (21) 

22 (32) 

15 (21) 
3(3) 
4 (7) 


38 (27) 
54 (39) 
41 (30) 
6 (4) 
7 (5) 
*AAA indicates abdominal aortic aneurysm; Al, aortoiliac occlusive 


arterial disease; CAD, coronary artery disease; CABG, coronary artery 
bypass graft. 


Correlation of Clinical and Angiographic Factors 


Since all patients in the AAA group with advanced but 
compensated CAD and with severe CAD had significant 
coronary lesions (greater than 70% stenosis of one or more 
coronary arteries) observations concerning the clinical - 
cardiac status and the incidence of atherosclerotic risk 
factors among these subsets of patients seem worthy of 
comment. Significant coronary artery lesions were docu- 
mented by angiography in 77% of 27 patients with hyper- 
tension, in 75% of 32 patients who smoked, in 80% of 31 
patients with hyperlipidemia, and in 73% of 26 patients 
who had two or more known risk factors. Significant 
coronary artery lesions also were present in all 17 patients 
with a convincing history of previous myocardial infarction 
and in all 18 patients with angina pectoris. Of 26 patients 
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with abnormal ECGs, 969; had one or more significant 
coronary artery stenosis. Perhaps more importantly, 
significant coronary artery lesions were present in 7256 of 
42 patients who had normal ECGs. 

Signifieant coronary artery stenosis was identified in 
60% of 18 patients in the AI group with diabetes mellitus, 
in 60% of 20 patients with hypertension, in 53% of 51 
patients who smoked, in 60% of 43 patients with hyperlipi- 
demia, and in 62% of 45 patients who had two or more risk 
factors. Significant coronary artery lesions were present in 
seven of nine patients with histories that suggested 
previous myocardial infarction and in all 12 patients with 
. angina pectoris. Of 20 patients with abnormal ECGs, 90% 
.. had at least one significant coronary artery stenosis, as did 
= 8196 of 51 patients with normal ECGs. 


Management 


For the AAA group, a summary of all operations 
_ performed thus far in this study, together with the opera- 
. tive mortality appears in Table 6. Twenty-six patients 
(3876) have undergone myocardial revascularization using 
CABG as a preliminary procedure prior to elective aortic 
aneurysmectomy. Eleven patients had two coronary artery 
grafts, 12 patients had three grafts, and three patients had 
— four grafts in an attempt to provide complete revasculari- 
. zation of all significant coronary artery lesions. Two 
additional patients have had other cardiac operations 
. involving aortic valve replacement in one and correction of 
.. idiopathic hypertrophic subaortic stenosis in the other. One 


. patient died with a cerebrovascular accident following 


multiple coronary grafting, for an operative mortality 
- following cardiac procedures of 3.5%. 
Fifty-one patients (75%) have undergone elective 
. abdominal aortic aneurysmectomy, with an operative 
mortality of 2%. In one patient with advanced but compen- 
sated CAD, a retroperitoneal hematoma developed follow- 
ing aneurysmectomy, but the patient died with a subse- 
- quent massive cerebrovascular accident. One patient in the 


- .. AAA group is not included in Table 6 and deserves special 


. eomment. This patient was found to have severe CAD, 
including a significant lesion in the left main coronary 
artery, for which CABG was recommended. Aneurysmec- 
tomy was required on an emergency basis prior to myocar- 
- dial revascularization, and the patient died with an exten- 
sive acute myocardial infarction during the postoperative 
period. 

Table 7 gives the management status of the AAA group 
at the time of this report. Of the 51 patients who have 


. . undergone elective aneurysm resection, 21 (41%) had prior 


myocardial revascularization. Five patients (7%) have had 
preliminary myocardial revascularization and are sched- 
uled for aneurysmectomy after an appropriate interval. 
Operation was not advised in 11 patients (16%) unless 
symptoms of aneurysm expansion occurred or progressive 
enlargement was noted on serial observations. Conserva- 
tive management was recommended on an elective basis in 
three patients who were found to have small aneurysms 
that did not warrant immediate resection, but elective 
aneurysmectomy was not done in eight patients because of 
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severe CAD that was not correctable by CABG either 
because of its diffuse nature and ventricular impairment 
or because of patient refusal. 

Fifteen patients (21%) in the AI group required myocar- 
dial revascularization with CABG (Table 6). Three patients 
had single coronary artery grafts, seven patients had two 
grafts, two patients had three grafts, and three patients 
had four grafts. All patients survived. 

Forty-five patients (64%) have undergone elective proce- 
dures for lower extremity revascularization. Thirty-one 
patients (44%) had aortobifemoral bypass grafts five had 
aortoiliac bifureation grafts, five had unilateral iliofemoral 
bypass, two had aortoiliae endarterectomy, and one had 
femorofemoral bypass. Primary amputation was required 
in one patient. No deaths occurred. 

Six patients (8%) have had both CABG and lower 
extremity revascularization performed at the time of the 
present report (Table 7). Four others have had CABGs and 
are scheduled for elective aortic reconstruction Sixteen 
patients (22%), including five patients with sevare CAD 
who underwent myocardial revascularization, wer» advised 
to follow an initial program of conservative management 
for their AI because of the possibility that operation might 
eventually be avoided. Four patients (9%) ei-her had 
severe, uncorrectable CAD or had severe, correctable CAD 
but declined CABG. Finally, two patients with severe, 
uncorrectable CAD died with myocardial infarctions with- 
in a few weeks of their evaluations. 

The operative mortality for 96 elective peripheral vascu- 
lar operations involving 70% of the 139 patients in this 
series was 1%. The overall operative mortality for a total of 
139 elective peripheral vascular and cardiac operations was 
1.5% (two deaths). 


Complications of Cardiac Catheterization 


No deaths were associated with coronary angiography, 
and the total complication rate was 3.5%. In one patient 
with severe, generalized atherosclerosis and incipi»nt renal 
failure, acute tubular necrosis developed. Two patients 
(1.4%) experienced neurologic complications following 
carotid cineangiography performed during cardiac cathe- 
terization. One of these patients had an episode of tran- 
sient cerebral ischemia, but the other had extensive extra- 
cranial and intracranial occlusive disease and sustained a 
completed stroke. One patient required brachial artery 
repair. 


COMMENT 


A number of previous reports'*'' have indicated the 
impressive incidence of CAD among patients with AAA 
and AI. DeBakey and associates! reported an earl» mortal- 
ity of 3% and a late mortality within 11 years of elective 
aneurysmectomy of 26% in a large series, but foind that 
the corresponding risks for a subset of patients with 
recognized CAD were 13% and 44%, respectively. All 
patients without clinical evidence of coronary atherosclero- 
sis in a series reported by Hicks and associates? survived 
elective aneurysmectomy, but myocardial infarction 
accounted for an overall.early mortality of 8.4% and caused 
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Group 


M 


AAA* Al Total 
Effective (n = 68), (n = 71), (n = 139), 
Dperations and Patients Patients Patients 
(%) (96) (96) 


















Suspected CAD 20 (29) 10 (14) 30 (21) 
Unsuspected 
CAD 6 (9) 5 (7) 11 (8) 
Dthert 2 (3) 0:7.) 2 (2) 
Tota 28 (41) 15 (21) 43 (31) 
Operative mortality 1 (3.5) i 1 (2.3) 
Vescu!ar 
Aortoiliac graf 49 (72) 5 (7) 54 (39) 
Aartofemoral-araft 2 (3) 31 (44) 33 (24) 
Dthert OCE) - 9 (13) 9 (7) 
Tota! 51 (75) 45 (64) 96 (70) 





Operative morta!ty 0(...) 1 (1) 


*AKA indicates zbđominal aortic aneurysm; Al, aortoiliac occlusive 
arterial disease; CABG coronary artery bypass graft; CAD, coronary artery 
disease. 

+Ore aortic valve replacement and one idiopathic hypertrophic subaor- 
tic stenosis repair. i 

iFiwe unilateral ilictemoral bypass operations, two aortoiliac endarterec- 
tomy operations; one femorofemoral bypass, and one primary amputa- 
tion. 













Table 7.-Menagement Status of All Patients at the 
Time of the Present Report 


Group 







—————— 









AAA* Al Total 
(n = 68), (n = 71), (n = 139), 
Patients Patients Patients 
Management Status - (96) (96) (96) 





CaBG* and vaseular 
repair comple-ec 21 (31) 6 (8) 27 (20) 


In:erva! betweer 

CABG anc vascu- 

‘ar repair 5 (7) 
Censervative vascular 
management 


4 (6) 





9 (6) 







11 (16) 22 (31) 


16 (22) 


33 (24) 
19 (17) 











14 (7) 


*AKA indicates abdominal aortic aneurysm; Al, aortoiliac occlusive 


arterial disease; CA3C, coronary artery bypass graft. 


tineludes one aortic valve replacement. 
ilneludes one dicpethic hypertrophic subaortic stenosis repair. 


60% of all late deaths. Thompson and associates’ reported a 
series of 108 patients who underwent elective aneurysmec- 
tomy with ar cperative mortality of 5.5%, of which 4.8% 
were attributed to myocardial infarction. Young and asso- 
ciates* found that 12% of all patients with recognized CAD 

ial infarctions following aneurysmecto- 
rall hospital mortality in their series of 
only 6.3%. Beeause of their.risk for postoperative myocar- 
dial infaretion, many patients^with recognized CAD are 
not eonsidered for elective aneurystii resection and instead 
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Vescular repair done | 
without CABG. 31 (46) 39 (56) 70 (50) 


die with aneurysm rupture." 3 
For several reasons, the operative mortality from 
myocardial infarction following aortic aneurysmectomy 
exceeds that associated with aortic reconstruction for 
occlusive arterial disease. As in the case in our series, the 
mean age of patients who undergo aortic operations for 
lower extremity revascularization generally is eight to ten 
years less than the mean age of most patients with 
aneurysm.* Since occlusive arterial disease does not repre- 
sent the grave threat to life that may be anticipated with 
aneurysm rupture, patients may be selected for operation 
with greater discrimination. Finally, compromise opera- 


tions with less operative risk, such as axillofemoral or - 
femorofemoral bypass, may be offered to poor-risk | 
patients with AI. Despite the comparative safety of oper- . 
ation in this group of patients, however, myocardial infarc- e 
tion remains the leading cause of late death. Inahara' . 


that 50% of all late deaths were caused by myocardial | 


infarction and that most of these occurred from five to ten 


years following operation. Malone and associates* studied 





myocardial infarctions eventually occurred in 17% of al -— 


the life-expectancy following aortofemoral grafting in 180 —— 
patients with a mean age of 57 years at the time of — 


operation. The operative mortality was 2.5% and late” 


survival was 80% at five years, 43% at ten years, and 26% at 


15 years. Myocardial infarction was responsible for 55% of |. 


all late deaths in this series. 


In an attempt to determine in which patients complica- - 


tions might be expected to develop following vascular 


operations, Cooperman and associates" used multivariate 


analysis in a series of 566 patients who underwent à 


variety of vascular procedures, excluding ruptured aneu- 


rysm resection and carotid endarterectomy. Previous 


myocardial infarction, congestive heart failure, atrial or — 
ventricular arrhythmias, and abnormal ECGs had a statis- - : 
tically significant association with postoperative complica- - 


tions and mortality. Using similar criteria, Baker and 
Munns” analyzed late results among 206 patients who 


underwent aortic aneurysmectomy, including 148 elective | 


operations. A history of previous myocardial infarction | 


was found to greatly reduce the chance for survival beyond 
three years after operation. A history of angina pectoris 
reduced the chance for five-year survival from 43% to 12%, 


and the presence of an abnormal ECG reduced five-year - 
survival from 56% to 32%. Although multivariate analysis - 


confirms the ominous implications of CAD in patients with 
peripheral vascular disease, its predictive value in any 
single patient is limited, and it provides no therapeutic 
solution for the poor-risk patient with a large AAA or 
severe lower extremity ischemia. 

Several recent reports indicate the safety with which 
peripheral vascular operations may be performed in 
patients who incidentally have had previous myocardial 
revascularization with the use of CABGs. Crawford and 
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: Table 8.—Comparison of Five-Year Survival of Patients 
With Documented Severe Coronary Artery Disease 
With and Without Coronary Artery Bypass Graft 






5-Year Survival, 96 

















Series 


Proudfit 
et al?* 


Loop et al'*t 
1967-1970 


1971-1973 


Patients Vessel Vessels Vessels All 











601 85.2 







61.8 












741 
3000 


88.0 
93.6 


85.0 
89.8 


89.6 















96.5 


*Without coronary artery bypass graft. 
TWith coronary artery bypass graft. 


associates" found that 358 patients who had undergone 
previous direct myocardial revascularization had a mortal- 
ity of only 1.1% with subsequent major operations, includ- 


. ing 232 peripheral vascular procedures. Edwards et al" and 
. . McCollum et al" have reported similar experiences with 


such patients. Mahar and associates" compared the courses 
of 99 patients who had 168 operations following myocardial 
revascularization to those of 49 patients with CAD docu- 
mented by angiography who had 58 operations without the 
protection of CABG. No deaths oceurred among patients 
with corrected coronary lesions, but 20% of all patients 
with uncorrected disease involving all three coronary arte- 


. ries had fatal postoperative myocardial infarctions. 


Gage and associates" reported a group of 50 patients 
who underwent exercise stress testing as a routine screen- 


. ing survey to select patients who should undergo coronary 
angiography before peripheral vaseular and other major 
_ operations. Stress ECGs were falsely positive in ten of 25 


patients (40%) and falsely negative in two of 13 patients 


_ (15%). Moreover, 12 of the 50 patients (24%) were unable to 
perform stress testing because of dyspnea or claudication. 


Such results are consistent with those of Fitzgibbon and 
associates” as well as with our own experience and suggest 


that the exercise stress test at the present time is not 


sufficiently dependable to determine whether high-risk 
patients with peripheral vascular disease should have 
coronary angiography performed. 

Tomatis et al" obtained routine coronary angiograms in 
a series of 100 patients, including 21 with AAAs, 49 with 


- AI, and 23 with femoropopliteal occlusions. Their findings 


were similar to our own. Significant CAD, defined as more 
than 75% stenosis of one or more coronary arteries, was 
demonstrated in 75% of all patients with AAA and in 47% 
of all patients with AI. Despite the frequency with which 


-CAD was documented in this series, however, only 6% of all 


patients underwent myocardial revascularization. 

Our present study of routine coronary angiography prior 
to peripheral vascular reconstruction together with 
myocardial revascularization in selected patients has three 
objectives: (1) to document the incidence of severe CAD 
among patients who are under evaluation primarily 
because of peripheral vascular lesions; (2) to reduce the 
operative mortality caused by myocardial infarction 
following peripheral vascular procedures with the use of 
preliminary myocardial revascularization among selected 
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patients with severe, correctable CAD; and (3) to deter- 
mine whether such an approach will favorably alter the late 
survival among patients who have peripheral vascular 
disease that is severe enough to warrant surgical correc- 
tion. 

In our epinion, coronary angiography and left ventricu- 
lography are clearly the most accurate means for diagnosis 
of CAD. In experienced hands, cardiac catheterization may 
be done with negligible mortality and morbidity, and 
offers incontrovertible information concerning the opera- 
tive and »ventual risks for cardiac complications among 
patients vho require aortic reconstruction for aneurysm or 
lower-extcemity ischemia. Among patients with clinical 
evidence of CAD, routine coronary angiography in our 
series demonstrated severe, correctable coronary artery 
lesions in 56% of all those with AA As and in 54% of all those 
with AI. The corresponding incidence among patients 
without a single clinical indication of severe CAD was 22% 
and 13%, respectively. We believe that the overall operative 
mortality of 1.59; for myocardial revascularization and 
aortic reconstruction in this series is quite acceptable and 
that the operative mortality of 1% for aortic reconstruction 
alone represents considerable improvement over that 
previousl- reported.'*::** 

The imoact of our investigation on the late strvival of 
patients ia this series will not be known until late followup 
is possible, but previous investigations from our ir stitution 
offer reason for optimism. Table 8 contains data concern- 
ing five-y2ar survival among 601 nonsurgical patients with 
documented CAD reported by Proudfit et al compared 
with those of two series comprising 3,741 comparable 
patients who underwent direct myocardial revasculariza- 
tion with CABG reported by Loop and associates. A 
number of technical advances since 1971 presently permit 
direct myocardial revascularization in our institution with 
1% risk for postoperative myocardial infarction or death, 
with more complete revascularization of all significant 
coronary artery lesions, and with improved lete graft 
patency and survival. Obviously, such informatior. must be 
colleeted within an institution before any commitment 
may be made to routine coronary angiography and selec- 
tive myocardial revascularization among patients with 
peripheral vascular disease. We are convinced, however, 
that this approach has measurably enhanced the safety of 


aortic reconstruction in our patients with severe, correct- 
able CAL. 


Linda Ma jovec assisted in data collection and preparation o^ the manu- 
script. 
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Discussion 


SAcEssH C. Baeu. MD, New York: At the New York Medical 
College. all patierts undergoing elective vascular reconstruction 
have a functional evaluation of the cardiac, pulmonary, and 
vaseular hemodynamics, using the automated physiologic profile 
system described omginally by Drs Cohn and DelGuerico. In this 
sys:em, the left ventricular function is assessed by plotting the 
left ventricular streke work against the pulmonary wedge pres- 
sure, and the aree within the two curves represents the range of 
normal left ventricular function. In addition, the peripheral and 
the pulmonary vascilar resistances are other parameters that can 
be specific targets of pharmacologic manipulation when indi- 
catec. 

"W» had a total of 25 patients, eight with AAA, and 17 with AI. 
None had clinica! evidence of angina or congestive heart failure. 


had clear évidenee of abnormal left ventricular function, indicat- 
ing ecmpromiisee myocardial function. Nine out of these ten 
by pharmacologic modulation, which involved 
"Went by use of diuretics, inotropic support, and 
z vasoactive agents. No one was denied 
oristeuction in this group and no patient 







have any functional evaluation of their cardiac function, and 
second, if they did have functional evaluation, did it correlate with 
the extent of CAD? 

Bruce S. CurLER, MD, Worcester, Mass: At the University of 
Massachusetts Medical Center, we recently completed a study in 
which 100 consecutive patients with clinically severe peripheral 
vaseular disease underwent treadmill testing and simultaneous 
12-lead ECG monitoring. We were surprised to find that despite 
the limited exercise permitted by their claudication, nearly 50% of 
all the patients had an ischemic response to exercise, ventricular 
dysrhythmia, or both, without associated cardiac symptoms. 

The exercise ECG proved to be a useful predictor of postopera- 
tive problems. Among 32 patients who had a normal stress test 
result and who subsequently underwent peripheral vascular oper- 
ations, there were no postoperative myocardial infarctions. By — 
contrast, 16 operations were performed in patients with positive 2 
exercise test results, and in this group there were six postopera- 
tive myocardial infarctions, two of which were fatal. 

Our own approach to the peripheral vascular patient with | 
associated asymptomatic CAD is more conservative than that of ; f: $ | 
Dr Hertzer and his group. With the foreknowledge that a patient e 
is at inereased risk of a postoperative cardiac complication, we 
modify our operative and anesthetic approaches. Surgically we - x 
would choose a lesser operative procedure, such as an extraana- È 













tomic bypass instead of an aortofemoral graft. Anesthetically, we 
would use epidural rather than general anesthesia, and carefully 
monitor arterial pressure, pulmonary capillary wedge pressüre, —.— 
and cardiac output. We have reserved coronary angiography for  . 
patients who have symptomatic CAD. Xt 

My question for Dr Hertzer concerns the cost-effeetiveness of — 
his approach. Dr Stanley Crawford has told us that we should 
endarterectomize asymptomatie carotids before performing coro- “= 
nary bypass surgery, and now you are telling us that we should d 
bypass asymptomatie coronaries before operating for peripheral 
vascular disease. FE 

I ean foresee a time when a patient may come to the Cleveland — 
Clinie with an ischemic ulcer due to a femoral artery occlusion, and. — 


| ; 
who is found to have an asymptomatic AAA, asymptomatic CABS "3 


or 
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v 
m 
B 


t 






and asymptomatic carotid bruits. Such a patient could conceivably 
have a prophylactic carotid endarterectomy performed before his — 
coronary bypass surgery so that he can safely have his AAA 
resected before he has a femoropopliteal bypass graft! E 
Dr Hertzer, is your approach really practical? What would you - 
recommend to those of us in the audience caring for peripheral — | 
vascular patients with associated asymptomatie CAD? | 
Luis Tomatis, MD, Grand Rapids, Mich: In Butterworth Hospi- — 
tal, Grand Rapids, Mich, 11 years ago we began doing simulta- 
neous coronary and peripheral vascular angiography to all the 
patients consulting for peripheral vascular disease. We collected — 
data on the first 300 patients and followed them up for a minimum  . 
of eight years. 
Of the patients without a history of CAD, without an abnormal 
ECG, or without a history of angina, 38% had severe coronary 
disease. Only 50% of all the women and 38% of all the men had 
 nonsevere CAD at the time of the study. On the other hand, 44% of — 
the patients that our cardiologists would have turned down as à 
very high risk for surgery because of history of coronary disease, _ 
angina, and abnormal ECG were stable and a suitable surgical —— 
risk. I think Dr Hertzer's presentation has proven that we can 
reduce the operative mortality knowing the state of the coronary 
artery involvement at the time of the surgery. In the last seven 
years, we have not had any deaths for coronary causes in elective 
vascular surgery that already carries an acceptably low mortality 
of about 5%. 
The second point that Dr Hertzer has raised is, can we prolong 
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life? Of our patients consulting for peripheral vascular disease, 
12% had myocardial revascularization. In Dr Hertzers presenta- 
tion, it was over 28%. Perhaps the explanation is that our 300 cases 
were collected at the beginning of the time when revaseularization 
surgery was performed with coronary bypasses. I am sure that in 
the last few years as our coronary bypass mortality got below 1%, 
the percent of patients consulting for peripheral vascular symp- 
E- toms who get myocardial revascularization is much higher. Eight 
K =~ years later, the patients who underwent myocardial revasculariza- 
tion have about a 30% better chance to be alive than the ones who 
— — had a successful peripheral vascular operation but not myocardial 
... revascularization. The group with 30% higher mortality in eight 
.. years is the group that, at the time of the study, and despite 
p 34 _ having severe coronary disease, was judged as stable and we failed 
¿to follow them up closely enough to predict the fatal occurrence of 
_ — their coronary occlusion. 
1 E -In conclusion, first, we do the coronary and peripheral angiogra- 
— phies simultaneously. For us, it is logistically easier to do it this 
Eoo way. However, it can be done as separated procedures. 
E Es . Second, coronary revascularization can change many peripheral 
und 
EX 
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vascular patients to a lower surgical risk category, avoiding 


. 


i = preventable surgical mortality. In our case, there were no cardiac 
Rr = deaths in seven years. | 
fmt "eir . And third, and the most important point, we are surgeons of 
EM . atherosclerosis, and a patient with severe atherosclerosis warrant- 
- . İng peripheral surgery is a patient whose coronary atherosclerosis 
LM Should be investigated because ultimately that will, in a large 
m = number of them, be the cause of the death. 

_ Jesse E. Tuompson, MD, Dallas: The results of this study 


|... document the high incidence of coronary disease in patients with 
- aortic problems and point up the chief limiting factor in operative 
=~ —. mortality and long-term survival rates as being CAD. I would just 


+ 


Sea like to ask several questions of Dr Hertzer. Since the operative 
. mortality for aortic occlusive disease is much lower than that of 


`. aneurysmal disease, in the range of 1% to 376, which is about the 


e 


Pe . same as that of coronary bypass, should not preoperative coronary 
Mo . angiograms and myocardial revascularization procedures thus be 
-~ . limited to patients with aneurysm, if one is considering reduction 
= — in operative mortality? 

CON ... Second, our patients with AAA who died had an average age of 
- 72 years. Would these elderly patients, had they had coronary 
|... angiograms performed, be considered for myocardial revasculari- 
E. zation or should they simply be eliminated from further consider- 


EM ation for aneurysm replacement? In your series, Dr Hertzer, 16% 





NM _ of all the patients with aneurysm are now on conservative 


- — management, which is a considerably higher figure than any 
: m expected operative mortality. What I would like to know is, how 
bit jare you handling or how are you following up these patien:s on the 
ors — conservative regimen at the present time? 

A PESE Finally, would it be possible in those patients with clinical 
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B other words, using the data that you have obtained, what would be 
— — the basic protocol that would be helpful and practical around the 

-= country yet obviate the necessity of routine coronary angiograms 
[xm on all preoperative aortic cases? 

DR HERTZER: Dr Babu, we have not used noninvasive means 
such as stress ECGs to study these patients to this point. We 
considered using stress ECGs when this study was designed, but 
we eventually concluded that our patients represented a group at 


high risk to have severe CAD, and that falsely negative and falsely 
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positive stress tests would have a greater chance to ils the 
patient with severe CAD in this partieular population than would 
coronary angiography. 

Dr Cutler, I think that the missing bit of information concern- 
ing cost-effectiveness that we do not yet have is data concerning 
late survival. What impact are we going to have on late survival? If 
you look at any published report concerning the surgical treatment 
of peripheral vascular disease, you will find a sho-t statement 
within the section concerning results describing how many 
patients died during the followup period before the authors 
proceed to describe the results of surgical treatment among 
survivors. Well, those patients who died during followup because 
of myocardial infarctions are important patients, and we do not 
yet know whether we are going to reduce the five-year mortality 
rate in patients with AAA, for instance, from 40% to say, 10% with 
our approach. Society will decide many of the matters concerning 
cost-effectiveness. What the patient whom you and I are going to 
see next Monday morning wants to know is how he can get 
through his operation most safely and how he can live the longest, 
healthiest life that he is capable of living. At that point, cost- 
effectiveness is a rather abstract consideration to hin. Although 
eventually we shall have to consider cost-effectiveness, the miss- 
ing bit of information we do not yet have is the impact on late 
survival of our approach. 

Dr Thempson, late survival is going to influence our choice of 
patients for whom to recommend coronary angiography. This 
approach may eventually be limited to patients with aneurysms 


‘alone or to only those patients with clinical symptoms of CAD. At 


this point, however, we do not plan to limit our use of coronary 
angiography as long as things are going well and we have a high 
level of patient acceptance, as we do right now, because we need to 
know the impact on late survival. 

In addition, there is another group of patients that tais study is 
turning up, and those are patients without severe enough CAD to 
require nryocardial revascularization at this time, but who are 
found to have advanced but compensated CAD that permits 
peripheral vascular operation but which should be studied again by 
coronary angiography in three to five years. This group may 
include mest of the patients with AI, because of their propensity 
for single-vessel disease during their first evaluation, which we 
think eventually will involve multiple-vessel disease that will be 
identified within the next three to five years. 

Finally, age is a totally arbitrary criterion for myocardial 
revascularization at our institution, and I think that when each 
one of us is a bit older we are probably going to feel the same way 
about it. You know as well as I do that there are 48-year-old 
patients who are physiologically and mentally much, much young- 
er, and to withhold operation strictly because of a calendar for 
these patients seems inappropriate. 

Sixteen percent of our patients with AAA have been followed up 
conservatively. This includes a small group, approximately 7%, 
who declined to have myocardial revascularization performed 
although it appeared to be indicated. In addition, definitive tests, 
such as aortic ultrasonography, demonstrated aneurysms that 
were smaller than originally expected during office examination 
in a few patients. We follow up elderly patients with aneurysms 
less than 5 cm in diameter by periodic noninvasive means. 

Finally, 1 think it should be obvious that a study Such as this 
would be impossible without the cooperation and th» mutual 
respect of the participating surgeons, internists’ and carc iologists. 
The other authors and I are fortunate/to work under such 
cireumstances, and for that I am gra es à; 
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"Correspondence and Brief Communications 


A Coastant Supply of Warm 
Irrigating Solution at the Operating 
Table 


To tae Editor.—Saline solution for 
wound irrigatioa, traditionally kept 
by the scrub nurse in a stainless steel 
bowl adjacent te the operative field, 
cools rapidly, creating a threat of 
hypo-hermia if used in the wounds or 
body cavities of infants and small 
children. Operatons are often slowed 
while the circulating nurse is dis- 
patebed to the warming cabinet next 
door to fetch tae stock bottle from 
which the table--ide supply of irrigat- 
ing solution is replenished. Operating 
time is further prelonged as hot saline 
solution is mixed with cool and 
repeatedly tested until a desirable 
temperature is achieved. 

We have devised a simple, inexpen- 
sive system composed of readily 
obtamable, inexpensive components, 
conssting of an adjustable heat 
source, gas-sterilizable transparent 





styrene bucket, and sterilizable ther- 
mometer. The thermal plate in which 
the bucket is set is clamp-mounted on 
a corner leg of the instrument stand, 
assuring the surgeon of an adequate, 
immediately available supply of ster- 
ile saline solution at 37.7 to 43.3 °C for 
wound irrigation (Figure). We have 
used this system in more than 500 
operative procedures and have found 
it convenient and reliable. 

ANTHONY SHAW, MD 

JANE ASBURY, RN 

Charlottesville, Va 


Portal Decompression by Means 
of a Gastroepiploic to Inferior Vena 
Cava H Graft 


Faced with bleeding esophageal 
varices from portal hypertension and 
anatomie conditions that preclude the 
eonstruction of a standard portosys- 
temic shunt, any enlarged portal col- 
lateral draining the esophageal vari- 
ces can be utilized to achieve decom- 
pression. A case is presented in which 
this was achieved by means of a 
Daeron H graft that was inserted 
between the gastroepiploic trunk and 
the inferior vena cava. 


Report of a Case.—A 57-year-old man 





with cirrhosis was admitted after three 
episodes of variceal bleeding. Selective 
celiac, splenie, and superior mesenterie 
arteriography was performed. The extra- 
hepatic portal vein, the splenic vein, and 
the superior mesenterie vein were not seen. 
All venous return was via collaterals and 
only the intrahepatic portal vein was iden- 
tified. Despite the selective injection of a 
large bolus of contrast medium into the 
splenie artery, no visualization of the 
splenie vein could be obtained. Instead, the 
venous return from the spleen oceurred in à 





Fig 2.—Operative view of large gastroepi- 
ploic vein. 





Fig 3.—Inferior venocavogram 18 months 
postoperatively. Catheter has traversed 
patent H graft and is in gastroepiploic 
vein. 


Fig 1.—Preoperative splenoportogram. Di- 
rect contrast injection into splenic pulp 
demonstrates considerably dilated and 
tortuous draining gastroepiploic vein. 


Apparatus for warming saline solution, 
consisting of traasparent styrene bucket, 
thermometer, and neat source clamped to 
instsument table jeg. uth 
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hepatopetal direction via a considerably 
enlarged and tortuous gastroepiploie vein 
(GEV). These features were confirmed by 
direct splenoportography (Fig 1). The 
splenie pulp pressure was 48 cm H.O. 

Through an upper abdominal transverse 
incision, the GEV, which measured 15 mm 
in diameter, was freed (Fig 2). This was the 
only large patent portal vein tributary 
available for anastomosis. The GEV was 
delivered through the root of the mesente- 
ry. The inferior vena cava was isolated to 
the left of the fourth part of the duodenum 
after dividing the ligament of Treitz. An 
18-mm woven Dacron graft was sutured 
end-to-side to the vena cava and then 
end-to-side to the GEV. On removing the 
clamps, portal pressure dropped 25 to 23 em 

Repeated celiac angiography 18 months 
postoperatively confirmed graft patency, 
as did inferior venocavography (Fig 3). At 
this time, both liver function tests and 
hypersplenism were not significantly dif- 
ferent than at the time of surgery. Mild 
encephalopathy was controlled by dietary 
means and oral lactulose. At two years’ 
follow-up, the patient was still at his origi- 
nal work, not having bled anymore since 
the operation. 


RD s Comment.—Stipa et al' have de- 
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- . The present case is unique in that an 
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EXC . Scribed the use of the GEV for porto- 


systemic shunting in four previous 
end-to-side anastomoses. 


H graft was used, a marked decrease 


= jn portal pressure was achieved, and a 


two-year follow-up is available, in- 


qm cluding a late postoperative veno- 
— graphic study. 


R. ADAR, MD, FACS 
Z. RUBINSTEIN, MD 
Tel Hashomer, Israel 


1. Stipa S, Scaramuzza P, Lombard M: Portal 

_ hypertension treated by left gastroepiploic to left 

renal vein anastomosis: Case report. Br J Surg 
64:183-184, 1977. 


- Gallstone Obstruction of the 
-Duodenum 


To the Editor.—The case of gallstone 
obstruction of the duodenum reported 
by Argyropoulos et al (ARCHIVES 
114:333-335, 1979) is quite unusual, as 
the authors noted. However, we 
recently saw a patient with virtually 
the same pathology. 


Report of a Case.—A 76-year-old woman 
was transferred from a nursing home to 
the White Plains (NY) Hospital Medical 
Center because of several days of nonbil- 
ious vomiting and dehydration. There was 
no history of abdominal pain, fever, chills, 
or jaundice, and no history of gastrointes- 
tinal (GI) disease. The remainder of her 
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Roentgenogram showing contrast materi- 
al filling biliary tree and gallstone mpacted 
in duodenal bulb. 


history was noncontributory. After rehy- 
dration, a temperature of 38.5 °C, leukocy- 
tosis, and epigastric pain developed. A flat 
plate roentgenogram of the abdomen 
showed a large, calcified density in the 
right upper quadrant, and pneumobilia. An 
intravenous cholangiogram was nondiag- 
nostic. An upper GI series showed filling of 
the biliary tree with contrast material and 
a huge gallstone impacted in the duodenal 
bulb (Figure). At the time of surgery, 
dense inflammatory adhesions were found 
in the right upper quadrant. After expo- 
sure of the area, the gallbladder was found 
to be completely atrophic from chronic 
inflammation. The gallstone, which mea- 
sured 5 em in diameter, had passed into the 
duodenum through a huge defec- in the 
posterolateral wall. By the time tbe fistula 
was divided and the gallstone remcved, the 
duodenum was almost completely transect- 
ed. It was thought that repair of th» duode- 
num would be too hazardous. The transec- 
tion was therefore completed, the cuodengt- 
stump closed, and an antrectomy and Bill- 
roth II gastrojejunostomy performed. 
Postoperatively, a duodenal stump leak 
- developed that was treated conservatively 
and healed spontaneously. A wound infec- 


tion also developed, which eventually . 


healed. She was transferred back to the 
nursing home in satisfactory cond tion. 


Comment.—This case illustrates 
some of the technical difficulties one 
may encounter in dealing with gall- 
stone obstruction of the duodenum, 
especially when the gallstore and 
corresponding fistula are quite large. 
It also serves as a reminder that bilia- 
ry-enteric fistula is a serious compli- 
cation of chronic gallbladder cisease, 
and reinforces the concept o? early 
cholecystectomy in patients with 
proved cholelithiasis. 

MARTIN G. WERTKIN, MD 
BARRY ALTMAN, MD 
LAWRENCE J. KADISH, MD 
CHARLES WOLIN, MD 
White Plains, NY 
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TIGAN (trimethobenzamide EC) 


Before prescribing, please consult complete product information 
Summary of which follows: — 


Indications: Tigan is indicated for the Control of nausea a 
vomiting. 


Contraindications: The injectable form of Tigan in children, t 
Suppositories in premature or newborn infants and use in patier 
with known hy ersensitivity to trimethobenzamide are contrai 
dicated. Since the su 
be used in patients 
anesthetics. 


Warnings: 


positories contain benzoeaine they should n 
nown to be sensitive to this or similar loc 


Caution should be exercised when 


| in admiristering Tigan to 
children for the treatment of vomitin 


. Artiemetics are not 
recommended for treatment of uncomp icated vomiting in chil- 
dren and their use should be limited to prolonged vomiting 
of own etiology. There are three principal reasons for 
caution: 


1. There has been some Suspicion that centrally acting anti- 
emetics May Contribute, in combination with viral illnesses 
a possible Cause of vomiting in children), t) development of 

eye's syndrome, a potentially fatal acute childhood enceph- 
alopathy with visceral fatty degeneration, especially involving 
the liver. Although there is no confirmation f this Suspicion, 
Caution is nevertheless recommended. 


2. The extrapyramidal sym toms which can occur secondary 
to Tigan may be confused with the centra: nervous system 
Signs of an undiagnosed primary disease responsible for the 
vomiting, e.g., Reye's syndrome or other encephalopathy. 


3. It has been suspected that drugs with hepetotoxic potential, 
Such as Tigan, may unfavorably alter the sourse of Reye's 
Syndrome. Such drugs should therefore be a"oided in children 
whose signs and symptoms (vomiting) Could represent Reye's 
Syndrome. It should also be noted that salicylates and aceta- 
minophen are hepatotoxic at large doses. Fithough it is not 
known that at usual doses they would represent a hazard in 
patients with the underlying hepatic disorder of Reye's syn- 
drome, these drugs, too, should be avoided i» children whose 
Signs and symptoms could represent Reye's syndrome, unless 
alternative methods of controlling fever are not successful. 





Tigan may produce drowsiness. Patients shoulc not operate motor 
vehicles or other dangerous machinery until their individual 
responses have been determined. Reye's syndrome has been associ- 
ated with the use of Tigan and other drugs, inc uding antiemetics. 
although their contribution, if any, to the cause and course of the 
disease hasn't been established. This eee aie he 
an abrupt onset shortly following a nonspecific ebrile illness, wit 

persistent, Severe vomiting, lethargy, irrational behavior, progressive 
encephalopathy leading to coma, convulsions ard death. 


Usage in Pregnancy: Trimethobenzamide VI ri was studied 
in reproduction experiments in rats and rabbits ard no teratogenicity 
was Suggested. The only effects observed were an increased per- 
centage of embryonic resorptions or stillborn pu3s in rats adminis- 
tered 20 mg and 100 mg/kg and increased resorptions in rabbits 
receiving 100 mg/kg. In each study these adverse effects were 
attributed to one or two dams. The relevance to humans is not 
known. Since there is no adequate experience in pregnant or 
lactating women who have received this drug, safety in pregnancy 
or in nursing mothers has not been established. 


Precautions: que the course of acute febrile illness, 
encephalitides, gastroenteritis, dehydratioa and electrolyte 
imbalance, especially in children and the elderly or 
debilitated, CNS reactions such as opisthotonos, convul- 
sions, coma and extrapyramidal Symptoms have been 
reported with and without use of Tigan or other antiemetic 
agents. In such disorders caution should be exercised 
in administering Tigan, articularly to patients who have 
recently received other CNS-acting agents @henothiazines 
barbiturates, belladonna derivatives). It is recommended 
that severe emesis should not be treated with an antiemetic 
drug alone; where possible the cause of vomiting should be 
established. Primary emphasis should be directed toward 
the restoration of body fluids and electrolyte balance, the 
relief of fever and relief of the causative disease process. 
Overhydration should be avoided since i- may result in 
cerebral edema. 


The antiemetic effects of Tigan may render diagrosis more difficult 
in Such Conditions as appendicitis and obscure Signs of toxicity 
due to overdosage of other drugs. 


Adverse Reactions: There have been reports 3f hypersensitivity 
reactions and Parkinson-like symptoms. There have been instances 
of hypotension reported fo lowing parenterzl administration 
to Surgical patients. There have been reports of blood dyscrasias, 
blurring of vision, coma, convulsions. depression 5f mood, diarrhea, 
disorientation, dizziness, drowsiness, headache. jaundice, muscle 
cramps and opisthotonos. If these occur, the acninistration of the 
drug Should be discontinued. Allergic type Skin reactions have been 
observed; therefore, the drug should be discontinued at the first sign 
of sensitization. While these symptoms will usual y disappear spon- 
taneously, symptomatic treatment may be indicated in some cases. 
Note: The injectable form is intended for intramuscular use only; it 
is not recommended for intravenous use. 
How Supplied: Suppositories, Pediatric, 100 ng, boxes of 10. 
Suppositories, 200 mg, boxes of 10 and 50. 
Ampuls, 2 ml, boxes of 10. Muitipia-Doss Vials, 20 ml. 
Thera-Ject* (Disposable Syringes), 2 ml, boxes of 25. Capsules 
250 mg, bottles of 100 and 500; 100 mg, bottles of 100. 
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Calendar of Events 


1980 


January 


American Medical Association, Winter Scien- 
tific Session, Jan 12-15, San Antonio, Tex. 
Society of Thoracic Surgeons, Jan 20-23, Atlan- 
ta. For information contact W. G. Purcell, 
Business Manager, 111 E Wacker Dr, Chicago, 

IL 60601. 


February 


American Society for Surgery of the Hand, Feb 
4-6, Atlanta. For information contact the 
Administrative Officer, R. J. Smith, MD, Massa- 
chusetts General Hospital, Gray 5, Boston, MA 
02114. 

Society of University Surgeons, Feb 7-9, Hous- 
ton. For information contact the Secretary, B. 
M. Jaffe, SUNY Downstate Medical Center, 

. 450 Clarkson Ave, Brooklyn. NY 11203. 

American Academy of Orthopedic Surgeons, 
Feb 7-12, Georgia World Congress Center, 
Atlanta. Contact Executive Director, C. V. 
Heck, MD, 444 N Michigan Ave, Chicago, IL 
60611. 


March 


i 2nd Colonoscopy Congress, March 6-8. Second 


International Congress on Colonoscopy and 
Diseases of the Large Bowel will be held at the 
Americana Hotel, Bal Harbour, Fla. For infor- 
mation contact John P. Christie, MD, 7330 SW 
62nd PI, South Miami, FL 33143. 

American College of Surgeons, spring meeting, 
Mar 22-27, Toronto, Canada. For information 
contact Edwin Gerrish, MD, ACS, 55 E Erie St, 
Chicago, IL 60611. 


April 


Second Pan American Conference on Diseases 
of the Chest, April 19-23, Rio de Janiero. For 
information, Jesse P. Teixeira, MD, Caixa 
Postal 37, Rio de Janiero, RJ 20000. Brazil. 

American Association of Neurological Sur- 
geons, April 20-24, New York. For information 
contact Secretary, C E Brackett, MD, Universi- 
ty of Kansas Medical Center, Kansas City KN 
66103. 

American Surgical Association, April 23-25, 
Hyatt Regency, Atlanta. For information con- 
tact the Secretary, J. V. Maloney, MD, UCLA 
Medical Center, Los Angeles, CA 90024. 

American Association of Genito-Urinary Sur- 
geons, April 24-26, Lexington, KY. For infor- 
mation contact the Secretary-Treasurer, R. A. 
Stroffon, MD, Cleveland Clinic, 9500 Euclid 
Ave, Cleveland, OH 44106. : 

American Association for Thoracic Surgery, 
April 28-30, San Francisco. Contact Executive 
Director W. T. Maloney, 6 Beacon St, Suite 
620, Boston, MA 02108. 


May 


American Urological Association, May 18-22, 
San Francisco. For information contact the 
Executive Secretary, R. J. Hannigan, 1120 N 
Charles St, Baltimore, MD 21201. 

Society for Surgery of the Alimentary Tract, May 
20-21, Salt Lake City. For information contact 
the Secretary, L. Carey, MD, 410 West 10th 
Ave, Room N747, Columbus, OH 43210. 
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If you’re looking 
for a new practice 
opportunity. . . 


look here 


American Medical Association 


Physicians’ 
Placement 
Service 


Opportunity E) 
anemi = 
Register 





This new AMA Opportunity Place- 
ment Register contains a description 
of over 4,000 available practice oppor- 
tunities. Each listing is a brief coded 
summary covering location, type of 
practice, area of specialization, and 
other data. Included are two indexes 
to assist you in quickly finding the 
most suitable opportunity. 


Fast turnaround -- The Register is 
mailed within 24 hours of receipt of 
your request. After receiving your 
selections of the practice oppor- 
tunities on which you want further in- 
formation, full-page computer print- 
outs on each selection are sent 
within 10 days. 


Order your Register now -- Püblished 
quarterly by the AMA Physicians’ 
Placement Service, this Register is 
the only comprehensive national 
listing of new practice opportunities. 


AMA Physicians' Placement Service 
American Medical Association 
935 N. Dearborn/Chicago, IL 60610 


YES, | am interested in a new practice 
opportunity. Send me the new AMA 
OPPORTUNITY PLACEMENT REG- 
ISTER, along with the registration 
form. 


Name 





Address 





City/State/Zip 
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TOTAL SURGEON CONTROL 
IN METAL SKIN CLOSURES 


Close—check-— adjust. Designed for ‘ 
optimum delicacy and greater sensitivity. 


Nor-mechanical. No bulky applicator to 
obscure wound. Accurately aligned teeth hold 
wound edges securely. 


Sterile. Clips are pre-sterilized, ready-to-use. 
Just remove from dispensing platform with 
special forceps. 

Available in 14mm (9/16"), 16mm (5/8"j, and 
18mm (11/16") sizes. 





kong island City, N.Y. 11101 


Forty years of service to the medical profession. 
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TOTAL SURGEON CONTROL 
IN ATRAUMATIC REMOVAL 


Patented "wings" make adjustment easy. Clips 
can be opened to check healing—tension 
eased or increased any time during healing 
process. Facilitates minimum scarring for all 
cosmetic procedures. 


Atraumatic removal, plus excellent tissue 
acceptance make Serature clips ideally suited 
for most skin closure procedures. 


Greatly reduced risk of infection, since no 
part of the clip is pulled through the wound. 


Serature sterile skin closure clips from 
Propper —they're nothing like any 
other —they re better than any other. 


——————— nin 


36-04 Skillman Ave., Long Island City, N.Y. 11101 | 
S 














| would like to receive samples of Serature* Skin AS 1170 
Closure Clips at no charge. Size 

Name Title | 
TO ACSARENA T N a ES DEN 
WETTER TTC E NEC PREIS mee E i 
City State Zip | 
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prompt narcotic /analgesic 





relef without A.PC. 


The principal analgesic ingredient, oxycodone, is 
a semisynthetic narcotic with multiple actions 
qualitatively similar to those of morphine. The 
analgesic effect of oxycodone begins within 10 to 
15 minutes after oral administration, peaks at 45 
minutes, and persists for 3 to 6 hours.* Acetamin- 
ophen, a non-narcotic analgesic, complements 
the pain relief provided by oxycodone. . 


Summary of Prescribing Information 
Contraindications: Hypersensitivity to oxycodone or 
acetaminophen 


Warnings: Drug dependence: Oxycodone can pro- 
duce drug dependence of the morphine type and 
may be abused. Psychic dependence. physical 
dependence and tolerance may develop upon 
repeated administration: prescribe and administer 
with same caution appropriate to other oral narcotic- 
containing medications. Subject to the Federal Con- 
trolled Substances Act 

Usage in ambulatory patients: Caution patients that 
Oxycodone may impair mental and/or physical abili- 
ties required for performance of potentially hazardous 
tasks such as driving a car or operating machinery. 
Interaction with other Central Nervous System 
depressants: Patients receiving other narcotic anal- 
gesics, genera! anesthetics, phenothiazines, other 
tranquilizers, sedative-hypnotics or other CNS 
depressants (including alcohol) with TYLOX capsules 
may exhibit additive CNS depression. When such 
combined therapy is contemplated, the dose of one 
or both agerts should be reduced 

Usage in pregnancy: Safe use not established 
Should not be used in pregnant women unless 
potential benefits outweigh possible hazards 

Usage in children: Should not be administered to 
children 


Precautions: Head injury and increased intracranial 
pressure: The respiratory depressant effects of nar- 
cotics and their capacity to elevate cerebrospinal fluid 
pressure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions or a 
pre-existing increase in intracranial pressure. Fur- 
thermore, narcotics produce adverse reactions which 
may obscure the clinical course of patients with head 
injuries 

Acute abdominal conditions: TYLOX capsules or 
other narcotics may obscure the diagnosis or clinical 
course of acute abdominal conditions 

Special risk patients: Administer with caution to cer- 
tain patients such as the elderly or debilitated, and 
those with severe impairment of hepatic or renal 
function, hypothyroidism, Addison's disease, and 
prostatic hypertrophy or urethral stricture 


Adverse Reactions: Most frequent: Lightheaded- 
ness, dizziness, sedation, nausea and vomiting; more 


¿Prominent in ambulatory than non-ambulatory 
»patients; some of these reactions may be alleviated if 


the patient lies down. Others: euphoria, dysphoria, 
constipation, skin rash and pruritus 


Dosage and Administration: Dosage should be 
adjusted according to severity of pain and response 
of the patient. It may occasionally be necessary to 
exceed the usual dosage recommended below in 
cases of more severe pain or in those patients who 
have become tolerant.to the analgesic effect of nar- 
cotics. TYLOX capsules are given crally. Usual adult 
dose is one capsule every 6 hours as needed for 
pain 


Drug Interactions: CNS depressant effects may be 
additive with that of other CNS depressants. See 
Warnings 

Caution: Federal law prohibits dispensing without 
prescription. 

For information on symptoms/treatment of over- 
dosage, see full prescribing information 

Full directions for use should be read before adminis- 
tering or prescribing 


"Halpern, L.M., and Bonica, J.J., “Analgesics,” in 
Modell, W., ed. Drugs of Choice 1976-1977, St. Louis, 
The C.V. Mosby Co.. 1976, p. 213 0775 
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YLOX | 


CAPSULE ~ 


oxycodone-HCI* 4.5 mg, 
oxycodone terephthalate” 0.38 mg, 
acetaminophen 500 mg ~ 





*Warning: May be habit forming. 


(McNEIL) 


McNeil Laboratories, McNE|LAB. nc., Fort Washington, PA 19034 ©McN1978 4 


